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ABSTRACT

The first industry standard for environmental management systems, BS 7750, was

published in the UK in September 1994. Since then we have seen the EC Eco-

management and Audit Scheme come into force in April 1995 and an international

environmental management system standard, ISO 14001, published in September

1996.

The EMS standards allow organisations to have their environmental management

systems externally assessed and approved. The first companies became registered to

BS 7750 in April 1995, with approximately 70 organisations gaining certification during

its first year of operation. Since then uptake of the standards has been steady but

slow with many companies delaying their decision until the implications of adopting

such a recognised approach have been clarified.

This research reviews the experiences of organisations adopting the standards during

their early years of operation. Key lessons are learnt from a three year Teaching

Company Scheme project designing and implementing an EMS for a large chemical

manufacturer. The author also draws on evidence obtained through a survey of

organisations gaining BS 7750 certification during its first year of operation and a

number of detailed case-studies.

The aim of the research is to identify and assess the implications for industry of the

EMS standards. Their impacts on business performance in terms of operational

efficiency, competitive advantage, legislative compliance, public image and staff

morale are assessed and their variability between organisations explained. The

resource commitments required to achieve certification are identified including

management time, capital expenditure, consultancy fees and certification charges.

Accounting mechanisms for comparing the costs and income associated with

environmental activities are reviewed and their applicability to monitoring the

performance of an EMS evaluated. The research concludes with the identification of

decision making criteria to assist companies in determining their environmental

strategy.

xviii



CHAPTER 1

1.0. INTRODUCTION

Since the publication of the first standard on environmental management systems in

the early 1990s there has been extensive speculation regarding their potential

implications for industry. The slow uptake of the standards reflects industrial

perceptions of unnecessary bureaucracy and high resource requirements. This has

led to criticism of environmental management systems as documentation exercises not

focused on achieving real environmental benefit. Conversely their supporters have

promoted their potential to lead to increased legislative compliance, cost savings and

competitive advantage. Certification may also improve public image through the

demonstration of environmental commitment to stakeholders including the general

public, customers, shareholders, banks and insurers. The issue of importance to

industry today is whether an environmental management system is a drain on already

stretched resources or a commercial advantage. This has resulted in the majority of

companies delaying their decision regarding certification until the benefits and resource

requirements are more clearly understood. The objective of this research is to

disprove the hypothesis that industrial environmental management systems fail to

assist companies enhance their business and environmental performance.

1.1. THE HISTORY OF ENVIRONMENTAL MANAGEMENT

1.1.1 Early Controls and Best Practicable Means (BPM)

In the UK the introduction of the first poflution control measures resulted from the

Industrial Revolution of the late 18th and 1 9th centuries. These early controls were

based on the concept of Best Practicable Means, first introduced in 1842 for the

prevention or abatement of smoke nuisance. The concept was later applied to

discharges of noxious or offensive gases arising from alkali works through the

enactment of the Alkali Act 1863. In the 20th century processes listed in the Health &

Safety (Emissions into the Atmosphere) Regulations 1983 were required to

demonstrate to the pollution inspectorate that their works were provided with the Best
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Practicable Means for preventing the release of noxious or offensive substances, and

for rendering such emissions harmless and inoffensive. The concept was extended to

noise control by the Control of Pollution Act 1974, which states that it is a defence to

prove Best Practicable Means has been used to mitigate noise from a factory. More

recently the Environmental Protection Act 1990 also allows a defence of Best

Practicable Means in respect of nuisance from industrial, trade or business premises.

1.1.2 Polluter Pays Principle (PPP)

The polluter pays principle was introduced at the proceedings of the UN Conference on

the Human Environment, Stockholm 1972. In the European Community the principle

was first mentioned in the First Action Programme on the Environment (1973-77). As

a signatory of the Treaty of Rome the UK accepted the principle that the cost of

preventing pollution or of minimising environmental damage due to pollution should be

borne by those responsible. This remains a key principle of European environmental

policy.

1.1.3 Best Practicable Environmental Option (BPEO)

Best Practicable Environmental Option (BPEO) was first proposed by the Royal

Commission on Environmental Pollution in its 5th Report in 1976. It is based on the

principle of adoption of technology which is best for the environment as a whole and

requires consideration of total impact on water, land and air pathways together. This

concept formed the basis of Integrated Pollution Control (IPC), the system introduced

for regulating more polluting industries under the Environmental Protection Act 1990.

1.1.4 Developments in UK Legislation

The rise of the Green Party in West Germany in the 1980s was a significant catalyst

for change in governmental attitudes towards the environment (Jones, 1997).

However, the UK Conservative government, committed to free market business

expansion, was slow to respond. Throughout most of the 1980s the environment did

not feature very highly on the agenda of any of the main political parties. It was not
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until 1988 that the government demonstrated its commitment through Mrs Thatcher's

speech to the Royal Society of Chemistry in which she argued the case for

environmental protection while still encouraging industrial growth.

In the late 1980s and early 1990s a number of key pieces of legislation were

introduced (Table 1 .1). In particular, the Environmental Protection Act 1990 provided

for the introduction of Integrated Pollution Control (IPC), Local Authority Air Pollution

Control (LAAPC) and Duty of Care for waste management (Table 1.2).

Table 1. 1: Major UK environmental legislation (Little, et aL, 1992)

Name of Act/ Regulation
	

Date

Alkali & Coal Works Regulations Act
	

1900s

Public Health Acts
	

1930s

Clean Air Acts
	

1950/1 960s

Health & Safety at Works Act
	

1970s

Control of Pollution Act
	

1970s

Water Act
	

1980s

Environmental Protection Act
	

1990s

Environment Act
	

1995

Table 1. 2: Key provisions of the Environmental Protection Act 1990

Integrated Pollution Control (IPC)

Local Authority Air Poflution Control (LAAPC)

The "Polluter Pays" Principle

• Duty of Care Responsibility for Waste Management

• Public Registers of Environmental Legislation

• Provisions for the Remediation of Contaminated Land
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Integrated Pollution Control (IPC), introduced by Part I of the Environmental Protection

Act, regulates emissions to air, land and water from processes with the greatest

polluting potential, known as Part A processes. It was originally regulated by Her

Majesty's Inspectorate of Pollution (HMIP), which became part of the Environment

Agency in 1996. In implementing IPC, HMIP was required to set conditions which

were commensurate with the BPEO (best practicable environmental option). Less

polluting Part B processes are regulated in the UK by the local authorities under Local

Authority Air Pollution Control (LAAPC). In comparison to IPC this only covers

releases to air and does not include impacts on land and water.

All prescribed companies, whether Part A or Part B, must "render harmless" all

releases from their processes by the application of Best Available Techniques not

Entailing Excessive Cost (BATNEEC). This provoked much debate regarding what

constituted BATNEEC for specific industrial sectors. In 1991 guidance notes were

published for both HMIP and the local authority controlled processes offering advice on

BATNEEC for specific industrial processes.

Part II of the Environmental Protection Act 1990 introduced the duty of care provision

for waste disposal. Companies are required to take all reasonable steps to look after

their waste and prevent its illegal, unauthorised disposal. Part Ill of the Act deals with

noise, dust, odours and other public nuisances. Other parts cover more specialised

topics, including genetically modified organisms and radioactive wastes.

The Environment Act 1995 consolidated previous legislation and established the

Environment Agency for England and Wales and the Scottish Environmental Protection

Agency. It expanded upon the Environmental Protection Act 1990 to cover important

new provisions for the identification and remediation of contaminated land and

abandoned mines. It also makes many minor amendments to the Control of Pollution

Act 1974, the Clean Air Act 1993, the Radioactive Substances Act 1993, the Water

Resources Act 1991 and the Water Industries Act 1991.
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1.1.5 Developments in European Legislation

European legislation dates back to the 1 970s with the publication of Directives on

waste disposal, the first being the 1975 Directive on waste oil. This was soon followed

by a General Directive on waste and a series of specific Directives to control toxic and

dangerous waste, PCBs and titanium dioxide. Directives covering the pollution of

water and air followed during the late 1 970s and early 1 980s.

The Single European Act 1986 and the signing of the Maastricht Treaty in 1992

resulted in a multitude of environmental legislation (Figure 1.1). Those of particular

relevance covered environmental impact assessment, eco-management and auditing,

eco-labelling, polluter pays principle and packaging waste (Table 1 .3). The Directive

on packaging and packaging waste requires all EU member states to recycle, compost

or recover the energy from 50-65% of the weight of the packaging and to recycle 25-

45% by the year 2000. Its implementation in the UK, through the Producer

Responsibility Obligations (Packaging Waste) Regulations 1997, had a substantial

impact on industry by requiring those handling packaging to recycle and recover a

percentage.

1.1.6 Sustainable Development

Sustainable development has become the key principle of EC and international

environmental policy and legislation. The concept was first introduced in the World

Commission on Environment and Development's 1987 report, Our Common Future

(the Brundtland Report) (World Commission on Environment and Development, 1987).

This defined sustainable development as meeting the needs of the current generations

without compromising the ability of future generations to meet their own needs.

A major land mark in the history of environmental management was the United Nations

Conference on Environment and Development held at Rio de Janeiro, Brazil, in the late

spring of 1992. The conference was held to reaffirm the Declaration of the U.N.

Conference on the Human Environment, adopted at Stockholm in 1972. The Rio

Declaration, also known as Agenda 21, is the most important international agreement

designed to protect the environment (Table 1.4). The Rio Declaration encourages
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international action to address the needs and interests of all countries through

sustainable development.

Figure 1.1: Environmental laws adopted by the European Union (from Brady,
1996)

67 69 71 73 75 77 79 81 83 85 87 89 91 93

Year adopted

Table 1. 3: Major EC environmental legislation

Directive	 Subject

EC Directive 85/337/EEC	 Environmental impact assessment

Council Regulation (EEC) 1836/93 	 The Eco-management and Audit Regulation.

Council Regulation (EEC) 880/92 	 Ecolabelling Regulation

EC Directive 9013131EC	 Freedom of access to environmental information

Community Waste Strategy SEC Legal expression of the polluter pays principle
(89) (934)

EC Directive 94/62/EC	 Packaging and Packaging Waste
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Table 1. 4: Principles of the U.N Rio Declaration (Cited in Sayre, 1996)

* Sovereign Rights to Sustainable Development

* Sustainable Development for the Present and Future

* Eradicate Poverty for Sustainable Development

* Global Partnership for Sustainable Development

* Eliminate Unsustainable Patterns

* Participation of All

* Equitable Environmental Legislation

* International Economic Co-operation

* Liability and Compensation

* Co-operation for the Environment and Human Health

* Precautionary Approach

* Internal Environmental Impact Assessment

* Immediate Notification and International Response

* Full Participation by Women

* Global Youth Partnership

* Role of the Indigenous and Protection of the Oppressed

* Peace, Sustainable Development, and Environmental Protection

* Peaceful Resolution, Good Faith and Partnership

In 1992 the International Chamber of Commerce published their Business Charter for

Sustainable Development which translated the commitments contained in the Rio

Declaration into a series of guiding principles for business (Table 1 .5) (International

Chamber of Commerce, 1992). Many of these principles were later incorporated into

the environmental management system standards (Chapter 2). In particular both

require policies, programmes, employee training, an assessment of environmental

impacts, emergency preparedness and continuous improvement.
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Table 1. 5: International Chamber of Commerce Business Charter for
Sustainable Development (International Chamber of Commerce, 1992)

1. Corporate Priority To recognise environmental management as among the
highest corporate priorities and as a key determinant to
sustainable development. To establish policies,
programmes and practices for conducting operations in
an environmentally sound manner.

2. Integrated Management To integrate these policies, programs and practices fully
into each business as an essential element of
management in afl its functions.

3. Process of Improvement

4. Employee Education

To continue to improve policies, programs and
environmental performance, taking into account technical
developments, scientific understanding, consumer needs
and community expectations, with legal regulations as the
starting point, and to apply the same environmental
criteria internationally.

To educate, train and motivate employees to conduct
their activities in an environmentally responsible manner.

5. Prior Assessment To assess environmental impacts before starting a new
activity or project and before decommissioning a facility or
leaving a site.

6. Products and Services To develop and provide products or services that have no
undue environmental impact and are safe in their
intended use, that are efficient in their consumption of
energy and natural resources, and that can be recycled,
reused or disposed of safely.

7. Customer Advice To advise, and where relevant educate, customers,
distributors and the public in the safe use, transportation,
storage and disposal of products provided, and to apply
similar considerations to provisions of services.

8. Facilities and Operations To develop, design and operate facilities and conduct
activities taking into consideration the efficient use of
energy and materials, the sustainable use of renewable
resources, the minimisation of adverse environmental
impact and waste generation, and the safe and
responsible disposal of residual wastes.

In 1993 the EC's ongoing commitment to sustainability was enforced through the

publication of its Fifth Action Programme on the Environment: Towards Sustainability

(European Commission, 1993b). This runs from 1993 - 2000 and emphasises the

need for governments, industry and communities to become involved in and take

responsibility for the protection of their environment.
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In 1994 the UK Government published Sustainable Development - the UK Strategy

(Department of the Environment, 1 994). It reviews UK policies, sets out the agenda for

achieving sustainable development, and is regularly updated. It was followed in 1996

by Indicators of Sustainable Development for the United Kingdom (Department of the

Environment, 1996a). This contains 120 indicators, covering issues such as transport,

climate change, air quality and energy, for monitoring progress towards achieving the

objectives set out in the UK Strategy.

1.1.7 Developments in Environmental Auditing

The concept of environmental auditing can be dated back to 1971 when Sir Frederick

Warner, speaking in the Centenary Lecture at the University of Newcastle, suggested

auditing would be necessary to ensure improved environmental control (Shillito, 1994).

However, until the 1980s environmental management focused on avoiding major

disasters and prosecution. Its approach was largely reactive, fending off

environmental costs that could limit an organisation's competitive advantage

(McKenna, et al., 1996).

It was not until the late 1 980s and early 1 990s, that major developments in the concept

of environmental management occurred (Barwise, 1994). The practice of

environmental auditing was imported from the USA during the 1980s, in a similar way

to environmental impact assessment in the 1 970s. The growing numbers of corporate

organisations undertaking regular environmental audits reflected the increased

pressure on industry. Tighter legislation, growing public awareness, increased

customer demands and reduced insurance availability contributed towards the drive

towards cleaner industry. Campaigns from pressure groups such as Friends of the

Earth and Greenpeace also had a significant impact in shaping public attitudes. These

focused on the detrimental impacts of increasing population, industrial pollution, global

climate change, unsustainable resource consumption and the wastefulness of

consumer societies. Such arguments shaped green politics throughout the world and

increased pressure for improved environmental management within industry.

The emergence of environmental monitoring and targeting soon followed

environmental auditing. Amongst the most ambitious targets were those set by ICI in
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1990 which included a promise to cut all releases by 50% by 1995 (ENDS Report 206,

1992). Environmental reporting also became more popular within corporate

companies and BP Chemicals and ICI both released their first environmental reports in

1992.

1.2. THE EVOLUTION OF ENVIRONMENTAL MANAGEMENT SYSTEMS

In the early 1990s it became increasingly apparent that the usefulness of auditing,

targeting and reporting as separate techniques, was limited. Audits cannot by

themselves provide an organisation with the necessary assurance that performance

will continue to meet the relevant legislative and other policy requirements (McKenna,

et aL, 1996). To ensure continual environmental improvement, they need to be

conducted within a structured management system, integrated with overall

management activity and addressing significant environmental effects. This realisation

lead to the British Standards Institution (BSI) publishing the first standard on

environmental management systems (EMSs). 85 7750: a specification for an

environmental management system was published in draft in 1992 (British Standards

Institution, 1 994a). It aims to provide a framework to assist companies manage the

environment in a pro-active, structured and effective way. The Government intended

the standard to act as a market based mechanism to encourage voluntary

improvement in environmental performance.

BS 7750 was subsequently adopted by the standard setting bodies in Finland, the

Netherlands and Sweden. Despite the publicity and high profile of BS 7750 it was only

one model for an environmental management system. A number of other countries

developed national standards including Canada, South Africa, France, Spain and

Ireland (Leinster, 1996). The EC Eco-management and auditing scheme (EMAS)

came into force in April 1995 (European Commission, 1993a) and an international

version, BS EN ISO 14001: Environmental management systems, specification with

guidance for use, was published in September 1996 (British Standards Institution,

1996a) (Chapter 2). In addition the Chemical Industries Association published

guidelines for their Responsible Care Management Systems for Health, Safety and

Environment in 1995 (Chemical Industries Association, 1995).
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Whilst the individual standards vary in their prescriptive detail they share a similar

approach and framework, based on a cycle of activities incorporating planning,

implementing, checking and reviewing. They are designed to achieve continual

improvement in environmental performance. Each requires an environmental policy;

an analysis of environmental impacts; environmental objectives and targets; an

improvement programme; a system of auditing and a regular management review of

the system (Chapters 2 & 4).

1.3. RESEARCH BACKGROUND

Companies are adopting environmental management systems as mechanisms to

improve legislative compliance, operational efficiency, public image and competitive

advantage. Regulators have acknowledged the existence of an EMS may result in a

reduction in inspection visits and subsistence fees. Insurers are currently investigating

the standards usefulness in assessing risk and determining premium levels.

Increasingly customers are requiring their suppliers to adopt an environmental

standard and investors are becoming concerned over environmental liabilities. In

addition, as their environmental awareness increases, employees, the general public

and pressure groups are exerting increased pressure on industry to improve its

environmental performance.

Despite this increasing pressure uptake of standards has been slow with approximately

60 organisations worldwide achieving certification to BS 7750 during its first year of

operation. After this uptake fell and only 13 companies were certified between April

and July 1996 (ENDS Report 258a, 1996). EMAS uptake in the UK has been slower

with only 20 companies registering during the first eighteen months after its launch

(Environment Business, 1996d). By October1996 fewer than 10% of companies, over

35 mostly industrialised countries, were proactively working towards certification to one

of the standards (Environment Business, 1996e) (Chapter 2).

The slow uptake of the standards reflects negative industrial perceptions towards

environmental management. Companies are rarely sufficiently motivated by the

potential benefits to adopt a positive environmental strategy. Time constraints, fear of

bureaucracy and a lack of financial resources are all commonly cited as reasons for
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not taking action (Hill, 1994) (Environment Business, 1996b) (ETBPP, 1996a) (ENDS

Report 231, 1994) (ENDS Report 216a, 1993). These attitudes may have arisen, in

part, from industry's experience with quality management systems, such as BS 5750

and later ISO 9000, in the 1980s. Whilst it was expected that improving quality would

have business benefits there was little hard evidence to support this. The growth of

quality consultants was enormous and companies generally complained of the cost of

ISO 9000 certification. Few attempted to measure the impact of their quality initiatives

on business performance and as a result have yet to understand the benefits (Parker,

1995).

To enable industry to make an informed decision on whether to adopt a recognised

EMS standard empirical data on the business implications is required. It is essential

that information regarding the costs and benefits is collated from companies with

experience. This will enable comparisons to be made between various industrial

sectors and company sizes. Assessments of the consequences of environmental

action have recently become a central issue for both industry and policy makers. This

is reflected by the new requirement placed on the Environment Agency by the

Environment Act 1995, to take into account the likely costs and benefits for certain of

its activities (Hill, et al., 1995).

1.4. AIMS & OBJECTIVES OF THE RESEARCH

1.4.1 Aim

To identify and assess the implications of adopting a recognised environmental

management system (EMS) standard on environmental performance and business

operations.
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1.4.2 Objectives

The objectives of the research are to:

1. To undertake a detailed analysis of the requirements of the EMS standards, BS

7750, ISO 14001 and the EC Eco-management and Audit Scheme.

2. To determine the mechanisms by which UK industry is translating the theoretical

requirements of the standards into practice and investigate their ease of

implementation.

3. To design and implement an EMS meeting recognised standards, compatible with

existing business management systems, at a large chemical manufacturer.

4. To identify the implications of the EMS standards on management practices and

company culture and determine how they affect the nature and focus of industrial

environmental management.

5. To identify the business benefits and implied resource requirements of achieving

EMS certification and explore the variance between organisations.

6. To investigate mechanisms for measuring the value of an EMS and develop

guidelines to assist companies deciding whether to adopt a recognised approach.

1.5. OUTLINE OF THE THESIS

The next chapter describes the history of the EMS standards. An overview of their

requirements, a description of certification arrangements and their uptake within

industry is also included. The research methodology and design, including techniques

employed for data collection and analysis, is explained in chapter three. This includes

the development of a theoretical framework for the research identifying factors

requiring consideration during the data collection and analysis. This leads to the

establishment of hypotheses to be proved or disproved by the research. Chapter four
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contains a detailed analysis of the requirements of the standards including the

similarities and differences between BS 7750, ISO 14001 and EMAS. In chapter five

the practicalities of adopting a recognised EMS are investigated through five case-

studies from certified companies. The methodologies adopted and their approach

towards system design and implementation are reviewed. Chapter six contains a

detailed case-study describing how an EMS was designed and implemented by the

author for a large chemical manufacturer in Cheshire. The problems encountered and

their solutions are investigated and explained. Chapter seven explores the changes in

management practices and culture resulting from the adoption of such a formal

system. Chapter eight identifies and analyses the business benefits of an EMS by

drawing on evidence from companies adopting BS 7750, ISO 14001 and EMAS during

their early years of operation. Chapter nine investigates the internal and external

resource implications in terms of human resources, capital expenditure and other

associated costs. Finally chapter ten investigates current best practice in

environmental accounting and examines methodologies for measuring the value of

environmental activity. The final part of the chapter identifies decision making criteria

to assist companies in determining their environmental strategy and evaluate the value

of adopting a recognised approach. Chapter eleven summarises the research findings

and conclusions. Chapter twelve details the further research required to substantiate

the results and broaden understanding of the subject area.

1.6. SUMMARY

The concept of environmental management can be dated back to the industrial

revolution of the 18th and 19th centuries and the concept of Best Practicable Means.

It was not until the 1970s, however, that substantial activity was seen in the field of

environmental legislation. The introduction of the polluter pays principle and Best

Practicable Environmental Option both substantially strengthened the regulatory

framework governing industry. This was further substantiated during the late 1980s

and early 1990s by the enactment of a number of key pieces of UK legislation,

including the Environmental Protection Act 1990 and the Water Resources Act 1991.

Since 1992 an added pressure on industry has been the multitude of environmental

legislation originating from Europe.
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Until the 1 980s industrial environmental management was largely reactive and focused

on preventing major pollution accidents. It was not until the late 1 980s, with the

introduction of environmental auditing from the United States, that companies began to

proactively manage their environmental impact. They soon realised that as an isolated

technique auditing was limited in its effectiveness. To achieve ongoing environmental

improvement a system of activities was required, similar to those adopted for quality

management since the late 1 970s. The led to the publication of a new British Standard

on environmental management systems, BS 7750, the first in the world of its kind. The

long awaited Eco-management and Auditing Regulation came into force in April 1995

and an international standard, ISO 14001, soon followed in September 1996.

Since the publication of the EMS standards uptake has been slow with approximately

60 organisations becoming certified to BS 7750 during its first year of its operation.

The standards have caused substantial controversy regarding the applicability of

formal systems to environmental management. The important question to industry

today is whether it is advantageous to implement an EMS meeting the requirements of

an externally recognised standard.
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CHAPTER 2

2.0. HISTORY & BACKGROUND TO THE EMS STANDARDS

2.1. INTRODUCTION

All industrial organisations operate elements of an environmental management system

(EMS). At the very least this is likely to include procedures, formal or informal, for

ensuring 'egislative compliance and handling emergency situations. Some will have

incorporated more sophisticated techniques including an environmental policy,

documented procedures, performance measurement and record keeping. An EMS is

a generic description for these types of environmental management activities. The

British Standards Institution define it as the organisational structure, responsibilities,

practices, procedures, processes and resources for implementing environmental

management (British Standards Institution, 1994a). EMS specifications, such as BS

7750, EMAS and ISO 14001, translate this broad definition into a set of clearly defined

requirements. They aim to provide a model for any size and type of organisation to

establish their own system, review its performance and have it assessed by an

independent body (Sheldon, 1 995a). Unlike legislation, which specifies emission

limits, they do not dictate accepted performance levels. They do not certify companies

as being "green" but are purely concerned with the effective operation of their

management systems. Their philosophy is to harness market forces to encourage

industry to voluntarily improve its performance beyond legal requirements.

2.2. THE HISTORY OF THE STANDARDS

"Whist the 1980s saw the drive to introduce quality management systems into

companies through the standards BS 5750 and ISO 9000, the 1990s is becoming the

decade of environmental management standards" (Mayhook-Walker, 1995).

The development of the systems approach to environmental management has been

likened to the development of quality assurance systems throughout the 1980s

(Mayhook-Walker, 1995) (Sheldon, 1995a) (Shillito, 1995a). The British Standards
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Institution's experience in the use of quality systems originated the initial thinking

behind BS 7750. Prior to its publication they received enquiries regarding whether the

quality standard BS 5750, now BS EN ISO 9000, could be applied to environmental

management (ENDS Report 207, 1992). Their decision was negative due to concern

that management decisions on quality could conflict with environmental objectives.

Whilst quality and environmental management share many common activities, the

consensus was that BS 5750 was not suitable for environmental management.

There was a demand for an environmental standard which was compatible with BS EN

ISO 9000. This would harness the skills and resources already present within an

organisation (Williams, 1993). ISO 9000 had shown that a well-designed management

system could ensure that aims and objectives are met in a measurable way (Sheldon,

1 995a). The British Standards Institution (BSI) believed that if it was possible to write

a specification for a concept as diverse as quality assurance it would be possible to

develop a standard for environmental management.

The development of BS 7750 was launched within BSI in 1989 by the formation of the

technical committee EPC/50, now known as ESS/1. The original brief was that the

standard must be compatible with ISO 9000 but able to stand atone; be applicable to

all types of organisation; be able to embrace the whole of an organisation's activities

and the whole life cycle of its products; and be capable of certification (Tothill, 1993).

An additional priority was that it was not too onerous for business, yet would add value

and credibility to a certified organisation (Smith, 1995).

The draft version of BS 7750, launched in April 1992, took 18 months to develop

including 6 months of research (Table 2.1). An extensive pilot scheme followed,

involving 450 organisations across 38 industrial sectors. The standard was amended

before being published in its final version in January 1994. It did not become fully

operational until March 1995 after arrangements for accreditation of certification bodies

had been established by the Government.
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Table 2. 1: The history of the EMS standards (from Sheldon, 1995b and Institute
of Environmental Management, 1997).

Date
	

Event

Dec 1990	 Draft EC Directive on compulsory environmental auditing

Sept 1992	 Publication of the draft BS 7750:1992

July 1993	 EMAS approved for entry into force

Jan	 1994	 Publication of the final version of BS 7750:1994

Oct	 1994	 Publication of draft version of ISO 14001:1994

April 1995	 EMAS comes into force and open for participation

March 1995

Dec 1995

Feb 1996

June 1996

Oct	 1996

First certificates to BS 7750 issued

NACCB publish guidelines to allow BS 7750 certified companies to
become certified to draft DS ISO 14001

BS 7750 formally recognised by EC regulatory committee as meeting
the EMS requirements of EMAS

EAC publish guidelines for accreditation of certification bodies

CEN adopt ISO 14001 as a European Standard and 14001 published

March 1997	 BS 7750 withdrawn

April	 1997	 EC regulatory committee formally recognise ISO 14001 as meeting
the EMS requirements of EMAS

Aug 1997	 CEN publish bridging document between ISO 14001 and EMAS

May 1998	 Competent Body for EMAS transferred from DoE to Institute of
Environmental Assessment.

July 1998	 Final date for Council review of EMAS

In December 1990 the European Commission produced a draft directive for

environmental auditing which, had it been implemented, would have made annual

environmental auditing compulsory for an estimated 12,000 sites based on 58 defined

types of activity (Jones, 1997). This was strongly opposed by industry, in particular the

chemical industry who had particular concerns over disclosing liabilities (Kiaver, etal.,

1998). Discussions between the twelve member states on the proposed directive

produced eight different drafts of the scheme. By February 1991 the draft directive

had been transformed into a draft regulation establishing a voluntary auditing scheme.

It was finally published as a Commission proposal in the EC's Official Journal on

March 27, 1992. The scheme developed over the next few years and the EC Eco-
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management and Audit Regulation entered into force in all 12 Member States on the

13th July 1993. This was followed by a 21 month implementation period to allow

Member States to prepare the administration necessary for the scheme's operation.

Each member state was required to set up an accreditation system for environmental

verifiers and a Competent Body to administer the scheme. In the UK the United

Kingdom Accreditation Service (UKAS), formally the National Accreditation Council for

Certification Bodies (NACCB), managed the accreditation system and the Department

of the Environment became the Competent Body. The Eco-Management and Audit

Scheme (EMAS) was officially launched in the UK on 10 April 1995 after a small pilot

trial of 17 organisations (Hillary, 1996). In May 1998 the Institute of Environmental

Assessment took over as the Competent Body for England, Wales and Northern

Ireland with responsibility to register sites and promote good environmental

management (Institute of Environmental Assessment, 1998).

The international standard, ISO 14001, was published in draft in October 1994 by the

International Organisation for Standardisation (ISO). ISO, whose headquarters are in

Geneva, Switzerland, has over 100 member countries (Sayre, 1996). Its role is to

develop and promote standards world wide through the work of hundreds of Technical

Committees (TCs). ISO 14001 resulted from the work of the Strategic Advisory Group

for the Environment (SAGE), formed by the UNCED Conference at Rio. The group's

remit was to identify those areas where standards would help with controlling the

impact of man on the environment. The areas identified by SAGE were developed by

Technical Committee ISO I TC 207, set up in June 1993 (Environment Business,

1996c). TC 207 subsequently created six subcommittees (SCs) and one working

group (WG) and allocated each an area of work. The resulting standards were

allocated numbers in the range 14000 to 14099 and are now referred to as the ISO

14000 series. They cover environmental management systems (ISO 1400x),

environmental auditing (ISO 1401x), environmental labelling (ISO 1402x), evaluation of

environmental performance (ISO 1403x), life cycle assessment (ISO 1404x) and terms

and definitions (ISO 1405x) (Table 2.2). Their aim is to create a standardised global

model for environmental management. ISO 14001, the specification for an

environmental management system, and its guidance ISO 14004, are key standards in

the series. Others of particular relevance to EMS are the auditing standards ISO

14010, ISO 14011 and ISO 14012.
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ISO 14010

ISO 14011

ISO 14012

ISO 14020

ISO 14040

Iso 14041

ISO 14050

ISO Guide
64

ISO 14002

ISO 14015

ISO 14021

ISO 14022

ISO 14023

ISO 14024

ISO 14025

ISO 14031

ISO 14032

ISO 14049

iSO 14042

ISO 14043

ISO 14048

ISO 14061

Table 2. 2: Key documents in the ISO 14001 series (from Institute of
Environmental Management, 1997)

Published Standards

Iso 14001	 Environmental management systems - specification with guidance for use.

Iso 14004	 Environmental manaaement s ystems - auidelines on princioles, systems and
supporting techniques.	 .

Guidelines for environmental auditing - general principles.

Guidelines for environmental auditing - auditing environmental management
systems.

Guidelines for environmental auditing - qualification criteria for environmental
auditors.

Environmental labels and declarations - general principles.

Environmental management - life cycle assessment - principles and framework.

Life cycle assessment - life cycle inventory analysis.

Environmental management - terms and definitions

Inclusion of environmental aspects in product standards

Other standards:

Environmental management systems - guidelines on special considerations
affecting small and medium sized enterprises (work cancelled in June 1998).

Environmental assessment of site and entities (under preparation)

Environmental labels and declarations - environmental labelling TYPE 11 - self-
declaration environmental claims - terms and definitions*.

Environmental labels and declarations - self-declaration environmental claims -
symbols*.

Environmental labelling - self-declaration environmental claims - testing and
verification methodologies*.

Environmental labels and declarations - environmental labelling TYPE 1 -
guiding principles and procedures*.

Environmental labels and declarations - environmental labelling TYPE Ill -
guiding principles and procedures*.

Environmental performance evaluation - guidelines*.

Technical report type 3 - environmental management - environmental
performance evaluation - case studies illustrating the use of ISO 14031*.

Technical report type 3 - environmental management - life cycle assessment -
examples for the application of ISO 14041*.

Life cycle assessment - impact assessment*.

Life cycle assessment - interpretation*.

Life cycle inventory data format .

Technical report Type 3 - guidance to assist forestry organisations in the use of
ISO 14001 and ISO 14004 (awaiting publication).

* Publication expected by end of 1999
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The final draft of ISO 14001, the only specification standard, was approved at a

meeting in Oslo in June 1995 (McKenna, etaL, 1996). This elevated both ISO 14001

and ISO 14004 to draft international standard (DIS) status. The ISO Secretariat

distributed the draft standards to all ISO member bodies for a six month consultation

period. The revised versions were circulated for a ballot process lasting two months.

To be accepted the standard had to win the approval of two-thirds of the members of

TC 207, with no more than a quarter of the full ISO membership voting against. This

was achieved and the final version launched in October 1996.

2.3. AN OVERVIEW OF THE EMS STANDARDS

The three EMS standards are similar in their approach although their detailed

requirements vary. EMAS is the most stringent as, unlike BS 7750 and ISO 14001, it

requires an externally validated environmental statement containing details of the site's

environmental performance. ISO 14001 is the least stringent regarding public

availability of information, requiring only the policy to be available. This resulted from

fierce lobbying from business interests in the USA driven by fear of opening up

avenues for litigation (ENDS Report 240b, 1995). Other differences between the

standards are minor and tend to be in spirit rather than content.

2.3.1 British Standard BS 7750

The clauses of BS 7750 are based on a cycle of activities designed to achieve

continual environmental improvement (Figure 2.1). The first requirement is for a policy

summarising the organisation's environmental intent. Responsibilities must be

recorded and a representative assigned to ensure compliance with the requirements of

the standard. Employees must be adequately trained and contractors activities

controlled. Systems are required for handling internal and external environmental

communications and a register of relevant regulations must be established.
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Audits Effects Assessment &
Register of Regulations

Records Objectives & Targets

Figure 2. 1: The requirements of BS 7750 (from British Standards Institution,
1994a)

Policy

R eviews
	

Organisation & Personnel

Operational Control	 I Management Programme

Management Manual

The environmental effects assessment is a key requirement of BS 7750. Significant

direct and indirect effects must be identified and compiled into a register.

Improvements in environmental performance are achieved through objectives, targets

and programmes to address these significant effects.

BS 7750 emphasises the need for written procedures, manuals and documentation.

The management manual describes the system and provides direction to more

detailed procedures and records. All documents must be carefully controlled to ensure

only the most recent versions are in use.

Activities with the potential to affect the environment need to be controlled. This

requires standard operating procedures and the monitoring of process characteristics.

Any incidents, accidents and other non-conformities with the management system

need to be investigated and corrected. Internal audits are required to determine

whether environmental activities comply with the management system and whether the

22



system is effective in fulfilling the company's policy. Finally management reviews of

the system are required to ensure its continuing effectiveness and suitability.

2.3.2 The EC Eco-management and Audit Scheme (EMAS)

EMAS aims to encourage continuous environmental improvement within participating

sites through the establishment and implementation of policies, programmes and

management systems (Leinster, 1996). Organisations must periodically audit their

environmental performance and provide information to the public. The management

system requirements draw heavily on BS 7750 involving a policy, programme,

documented procedures, records, audits and objectives (Hillary, 1993) (Figure 2.2).

The most significant difference is the requirement for an externally verified publicly

available environmental statement detailing performance against objectives and

targets. This was included as an incentive for companies to improve their performance

(Tothill, 1993). It was also seen as a mechanism to enhance the credibility of

corporate environmental reports (Warns, et al., 1995). EMAS is designed to appeal to

companies who operate throughout Europe and recognise the growing importance of

structured environmental reporting (Mayhook-Walker, 1995).

EMAS has a narrower field of application than BS 7750 (Table 2.3). The scheme only

applies to EC companies (Table 2.4) performing industrial activities. To participate,

sites must be involved in manufacturing; electricity, gas, steam or hot water

production; or the recycling, treatment, destruction or disposal of solid or liquid waste.

Non-industrial sectors are not covered by the scheme but Member States may apply

the elements of EMAS to other sectors on an experimental basis. This is the case in

the UK where a pilot study has been undertaken to investigate its applicability to local

authorities. Sites operating outside of the EC are not able to register but could use

parts of the scheme as improvement tools and acknowledge their adherence to it in

the statement of participation (Hillary, 1996).

In contrast to BS 7750 where certification can cover several sites registration to EMAS

is site based. The Commission believed this would help promote greater uptake of the

Scheme and ensure action at the local level (Department of the Environment, 199Gb).
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Figure 2. 2: Implementation stages of the Eco-management and audit scheme
(from Hillary, 1994).

1. Company Environmental Policy

Site	 I
2. Environmental review

1
Envwonrnental

Environmental	 Environmental
objectives	 management system

Environmental audit)
(max. cycle 3 years)

4. Environmental statement

Table 2. 3: Differences in the scope of EMAS and BS 7750

EMAS	 BS 7750

Applies across the whole of the EC 	 Applies in the UK

Only sites can participate	 Organisations or sites can participate

Open to certain industrial sectors only 	 Open to organisations across all sectors

Non-industrial activities can only be Open to non-industrial activities eg
included on an experimental basis	 transport, services, offices, LAs.
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Table 2. 4: Countries covered by EMAS (from Hillary, 1994)

• Belgium	 • Greece	 • Portugal

• Denmark
	

• Ireland
	

• Spain

• France	 • Italy	 • The Netherlands

• Germany	 • Luxembourg	 • UK

2.3.3 The International Standard ISO 14001

The individual requirements of ISO 14001 are extremely similar to those of BS 7750

although its format differs. The requirements are categorised into policy, planning,

implementation, checking and management review (Figure 2.3).

Figure 2. 3: The format of ISO 14001 (from British Standards Institution, 1996a)

Policy

Management Review

Planning

Implementation
Checking &
	

and Operation
Corrective Action
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The international standard places far less importance on the need for careful

documentation (ENDS Report 240a, 1995) (Institute of Environmental Management,

1 995b). In particular there is no explicit requirement for a register of environmental

effects, register of legislation or management manual. These, however, are implied in

the standard and it would be difficult to demonstrate that the environmental effects and

legislation had been identified without a documented register (Chapter 4).

2.4. HARMONISATION OF THE STANDARDS

Article 12 of EMAS provides for organisations already certified to another standard to

be considered as meeting the corresponding requirements of the EC Scheme.

European organisations certified to BS 7750, whose business falls within the scope of

the regulations, have been able to use BS 7750 to meet the environmental

management system requirements of EMAS since February 1996 (Environment

Business, 1996d). BS 7750 certified companies seeking EMAS registration were

required only to produce an environmental statement and have it validated by the

official EMAS verification bodies.

Conversion from BS 7750 to ISO 14001 was also straightforward. In December 1 995,

UKAS issued guidelines to allow certification of BS 7750 companies to the draft ISO

14001 (Brockway, 1995). These identified a series of 18 points of difference between

the standards which needed to be addressed before the certification could be

transferred (Chapter 4). Most of the points covered are minor and should result in

minimal, if any, additional expenditure. Several certification bodies, including the

British Standards Institution, accepted an initial statement of compliance from their

clients as sufficient for transition to ISO 14001. Evidence was checked at the next

routine surveillance visit (Environment Business, 1996c).

The European Standards Body (CEN) was under a mandate from the European

Commission to produce or adopt, by October 1996, a European Standard to be used

as an alternative means of achieving EMAS registration (ENDS Report 237, 1994).

Such a standard had to be acceptable to the USA, who refused to accept any changes

to the text of ISO 14001 after months of argument over its content (ENDS Report
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252c, 1996). CEN adopted ISO 14001 as a European Standard (EN) in October 1996

and as a result all other conflicting national standards were withdrawn (McKenna, et

aL, 1996). BS 7750 was withdrawn on 31 March 1997 and certificates remained valid

only until this date (British Standards Institution, 1 996e).

In two Decisions published in the Official Journal on 22nd April 1997 the European

Commission's regulatory committee formally approved ISO 14001 as compatible with

EMAS (ENDS Report 267a, 1997). In August 1997 CEN published a bridging

document to address the differences between the standards. This is a guidance

document whose application is limited to the EU. The document acknowledges the

overall similarities between ISO 14001 and EMAS and covers the few areas where the

EMAS specification is not covered by the international standard (Chapter 4). The

relationship between ISO 14001 and EMAS will be strengthened, and the need for the

bridging document removed, with the publication of the revised EMAS Regulation in

the year 2000 (Institute of Environmental Management, 1 998a). Until the foreseeable

future manufacturing companies operating within the EU will have the choice of

whether to gain registration to EMAS, certification to ISO 14001, or both.

2.5. LINKS WITH OTHER MANAGEMENT SYSTEM STANDARDS

BS 7750 is one of four management system specifications published by the British

Standards Institution (Table 2.5) (British Standards Institution, 1 992, 1994, 1 994a,

1996f). All four standards are based on the Demming principles of plan, act, do and

check. Their similar numbering system emphasises their common requirements for

written procedures and auditing systems (Jones, 1997).

Table 2. 5: British standards for management systems

Number	 Discipline

BS 5750	 Quality Management Systems

BS 7750	 Environmental Management Systems

BS 7850	 Total Quality Management Systems

BS 8750 (now BS 8800) 	 Health and Safety Management Systems
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The first management system specification, BS 5750, was introduced in 1979. The

revised version, published in 1989, was dual numbered for international acceptance as

ISO 9000. It was later adopted by the European Community and is now known as BS

EN ISO 9000 (British Standards Institution, 1994). During the late 1980s and early

1990s there was a strong uptake of the quality standard with 18,577 UK companies

certified by January 1993 rising to 44,107 by March 1995 (Environment Business,

1 996e).

There are many similarities between the requirements of BS 5750 and BS 7750 (Table

2.6). Both standards require top management commitment, adequate resources,

trained competent personnel, a documented management system and an audit and

review system. In organisations with quality systems it is often possible to build on the

strengths of existing systems by expanding their remit to cover environmental

management (Barwise, 1996) (Fishwick, 1996) (Hocking, 1994) (Bedford, 1991).

There are some general areas of difference between the quality and environmental

standards (Table 2.6). As minimum levels of environmental performance, unlike

quality performance, are clearly governed by legislation, compliance forms a key part

of an EMS. In addition the focus on continual improvement is more evident in BS 7750

by the inclusion of the effects assessment, objectives and targets and management

programme. The policy must contain a commitment to continual improvement and,

unlike BS 5750, be made available to the general public.

Due to the similar techniques required in management systems the Technical

Management Board of ISO intend to achieve greater compatibility between the two

standards and to align their revision dates (Institute of Environmental Management,

1998a) (Barthel, 1996) (Environment Business, 1996c) (Williams, 1993). In 1998 the

ISO Technical Committee TO 207 voted in favour of an integrated audit standard both

for environmental management and quality. Barthel (1996) suggests we could

ultimately see standards providing organisations with a systems framework for all their

management functions, including financial, personnel and data management. It

appears that this would be particularly useful to industry in the light that many

organisations are already integrating or considering integrating their EMS with other

business management systems.
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Table 2. 6: Similarities and differences between BS 5750 and BS 7750

Similarities	 Differences

• policy statement	 • commitment to continual improvement

• documentation of responsibilities 	 • effects assessment

• training	 • register of regulations

• management manual	 • objectives and targets

• written procedures	 • management programme

• operational control 	 • system must cover the entire site

• auditing system	 • policy and objectives to be made public

• non-conformances system	 • broader scope

• record keeping

• management review

2.6. THE CERTIFICATION PROCESS

In October 1993, the UK Government appointed the National Accreditation Council for

Certification Bodies (NACCB), now the United Kingdom Accreditation Service (UKAS),

to set up an accreditation system for bodies certifying compliance with BS 7750 and

environmental verifiers under EMAS (Brockway, 1995) (Counsell, et al., 1995)

(Environmental Information Bulletin, 1993). In 1994 the NACCB published

environmental accreditation criteria defining the competencies required of BS 7750

certification bodies (NACCB, 1994a, 1994b and 1995). In March 1995, eight

organisations were given the first BS 7750 accredited certificates (Figure 2.4). By

June 1998 the number had increased to nineteen with ten also being accredited

environmental verifiers for EMAS (UKAS, 1998).
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Figure 2. 4: The first BS 7750 certification bodies (from NACCB, 1995)

Aspects Certification Services Limited

British Standards Institution

Bureau Veritas Quality Assurance Limited

Det Norske Vertas Quality Assurance Limited

Lloyd's Register Quality Assurance Limited

Professional Environmental & Caring Services Ltd

SGS Yarsley International Certification Services Ltd

Trada Certification Ltd

To harmonise the national accreditation systems of seventeen European countries the

European Accreditation of Certification (EAC) published guidelines for Iso 14001

certification in July 1996 (ENDS Report 258b, 1996) (European Accreditation of

Certification, 1996). These were based on the European Standard EN 45012: General

Criteria for Certification Bodies Operating Quality System Certification and specify

criteria to be met before certification can be awarded. In particular the EMS must have

been operational for a minimum of three months; the internal audit system must be

fully operational and shown to be effective; and one management review must have

been conducted. Certifiers must notify the organisation's management of any

discovered non-compliances with legislation and ensure regulatory bodies are

informed if this is required by a licence or permit.

Certification to BS 7750 and ISO 14001 involves several stages (Excel Partnership,

199Gb). An application form must be completed to enable the certification body to

develop a proposal. They calculate a fee which varies according to the size of the

company and its environmental complexity. Should the organisation decide to go

ahead with the certification the next stage involves a desk top review of key

documentation, such as the policy statement and management manual, and an initial

site visit. This identifies non-conformities in the EMS and enables the external auditor

to estimate a realistic time scale and programme for the main assessment. This is

followed by a detailed on-site assessment, lasting up to several days, by an audit

team. Upon their satisfaction that all requirements have been met a report is
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submitted to the Governing Body recommending certification. This is followed by six

monthly surveillance visits to ensure the ongoing effectiveness of the system.

To become registered to EMAS an organisation's environmental management system,

audit cycle and environmental statement must be validated by accredited

environmental verifiers. They check all the elements of the scheme are in place and

functioning effectively. The arrangements for accrediting verifiers and their functions

are outlined in Annex III of the Regulation (European Commission, 1993a). The

requirements are similar to those contained in European Accreditation of Certification

(EAC) Guidelines for BS 7750 I ISO 14001 certification. In reality most certification

bodies for BS 7750 and ISO 14001 are also accredited as EMAS verifiers. This

means that the registration process is similar to that outlined above with the additional

step of the verification and validation of the environmental statement. Verification

relates to the establishment of the correctness of data by examining internal data

gathering systems. Validation involves establishing the accuracy of textual statements

incorporated in the environmental statement (Warns, et al., 1995).

Site registration to EMAS is controlled by the Competent Body. Registration only

occurs once they have received the necessary information and are satisfied the site

meets all the requirements (Figure 2.5). They have the power to de-register sites no

longer complying with the Regulation. This includes the failure to submit a validated

environmental statement and registration fee within three months of the deadline

specified in the previous statement. De-registration can also occur if an enforcement

authority, such as the Environment Agency, informs them of breaches with legislation.

This must be lifted if the regulator gives satisfactory assurances that the breach has

been rectified and arrangements are in place to prevent reoccurrence (ENDS Report

216b, 1993)

2.7. RESPONSE TO THE PUBLICATION OF EMS SPECIFICATIONS

The publication of the EMS standards has caused extensive debate over their

adequacy and potential impact on industry. Environmental pressure groups have

welcomed them, hoping they'll encourage voluntary environmental improvement

beyond legislation (Hill, 1994). They believe this may encourage improvements in
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those areas outside regulatory control such as the use of resources and transport

policy. The standards have also been welcomed for their potential to encourage

release of information to the public. This is certainly true in the case of EMAS due to

the requirement for the publicly available externally verified environmental statement.

Figure 2. 5: Information to be submitted to the EMAS Competent Body prior to
registration (from Hillary, 1996).

. The site's validated environmental statement

• A registration fee

• Information on the company and site:

i) name of company

ii) name and location of site

iii) brief description of activities

iv) name and address of accredited environmental verifier

v) deadline for submission of next validated statement

vi) brief description of management system

vii) description of auditing programme

The standards have attracted criticism from environmentalists as they do not dictate a

minimum level of environmental performance above that required by current legislation

(ENDS Report 260, 1996). Germany is particularly concerned about the absence of

performance criteria (ENDS Report 231, 1994). Organisations with severe

environmental impacts will be able to continue to operate and achieve certification as

long as they comply with the law. Richard Tapier, Head of Industry Policy at the World

Wide Fund for Nature, is cynical over the worth of the standards. He claims an EMS

alone is of little comfort where levels remain high or catastrophic leaks occur (ENDS

Report 231, 1994).

A key issue is the extent the standards will lead to improved environmental

performance (Howlett, 1994). They ask for continual improvement but provide little

guidance on the levels considered acceptable, apart from to state that effects should

be reduced to those not exceeding economically viable application of best available
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techniques (EVABAT) (Chapter 4). The lack of performance criteria was intentional as

the standards were designed to be applicable to all types of organisations. This

flexibility enables companies to proceed at a pace which suits their natural capacities

(McKenna, etal., 1996) but makes comparisons impossible. This does little for global

standard setting (Gleckman, 1997). Certification doesn't imply similar environmental

performance, but this is unrealistic, particularly between countries with varying legal

requirements. This is misleading to the general public who expect certification to be an

assurance that the company is "green". There is also potential for confusion with eco-

labels. These specify the environmental performance levels to be met during the

production of products (ENDS Report 260, 1996). The standards have also been

criticised for not incorporating the recommendations in the Rio Declaration (Agenda

21) that companies report annually on routine emissions of toxic chemicals and

establish policies on sustainable development (Benchmark Environmental Consulting,

1996).

Industry is concerned over the potential implications of corporate organisations

demanding their suppliers to gain EMS certification. This may result in small and

medium sized enterprises (SMEs) losing business due to a lack of resources to meet

their customers' demands. Geoff Smith (Department of Trade and Industry)

addresses this by urging that large companies are sensitive to their needs (ENDS

Report 231, 1994). A further concern is that companies forced to adopt a standard to

meet customer's requirements will achieve little benefit. They will not be motivated by

the desire to improve their environmental performance and fail to focus on the needs

of the business. Parallels can be made with the adoption of quality standards in the

1980s. The publication of BS 5750, and later ISO 9000, led to the perception that a

certificate to ISO 9000 was synonymous with a quality company. As customers

wanted to buy products from quality suppliers certification became a requirement to

supply. Many companies implemented the standard to please their customers and

achieved minimal lasting benefit (Davies, 1993).
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2.8. UPTAKE OF ENVIRONMENTAL MANAGEMENT SYSTEMS

The first 15 BS 7750 certificates were awarded in March 1995 (Table 2.7) (ENDS

Report 252a, 1996). Since then the number of UK companies certified to either BS

7750 or ISO 14001 has continued to steadily grow (Figure 2.6) and by July 1996 had

risen to 100 (ENDS Report 258a, 1996). The reduced uptake in the final quarter of

1 996, when only 13 new companies gained certification, can be attributed to confusion

surrounding the transition to the international standard (ENDS Report 261, 1996). The

first companies gaining certification to the draft ISO 14001 included Nortel, Specialised

Adhesives, Spectral Colours, Tioxide Europe, Aerospace Composite Technologies and

Ford Motors (ENDS Report 258b, 1996). Draft certificates were recognised. in full once

the final standard was launched in October 1 996.

Table 2. 7: First companies certified to BS 7750 in March 1995 (from NACCB,
1995)

• Anaplast Ltd

• Applied Chemicals Ltd

• BOC Gasses

• Brico Engineering Ltd

• Carson Office Furniture

• Cego Ltd

• Ciba-Clayton

• Crosby Sarek Ltd

• Design to Distribution Ltd

• Dunlop

• Field Packaging

• Layezee Beds

• Lindsey Oil Refinery Ltd

• Loudwater Litho

• Nor Systems

• Northumbrian Water Limited

• Personnel Hygiene Services Ltd

• Shields Special Metals Ltd

• Thomas Swan & Co Ltd

• Triton plc
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Figure 2. 6: Number of UK companies holding at least one certificate to BS 7750
/ ISO 14001 (from ENDS Reports 1995 - 1998)
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During the last quarter of 1996 60 firms gained certification to either BS 7750 or ISO

14001 making a total of 180 certificates (ENDS Report 264, 1997). By the end of 1997

this had increased to 340, with 70 companies being certified during the final quarter of

the year (ENDS Report 275, 1997). The first quarter of 1998 saw 100 new certificates,

bringing the total to 650 across 430 companies (ENDS Report 278, 1998) (ENDS

Report 280, 1998) (Figure 2.6). By the end of November 1998 another 80 certificates

were issued amounting to 730 in total (ENDS Report 286, 1998).

A significant number of corporate organisations demonstrated their commitment to the

environment through certification to ISO 14001 (Table 2.8). All the major power

generators including PowerGen, Nuclear Electric and Scottish Power had adopted ISO

14001 or EMAS at one or more sites by December 1997. Four of the major car

manufacturing companies, Ford, Vauxhall, Toyota and Rover are also certified.

Several companies hold more than one certificate. Blue Circle Cement have nine

certificates whilst National Power, Nuclear Electric, UK Waste and Biffa Waste all hold
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at least six certificates (ENDS Report 267a, 1997). British Aerospace has committed

itself to certifying all its 24 sites in the UK over a five year period between 1997 and

2002. Powergen aim to have all sites world-wide certified to ISO 14001 by the year

2000 (ENDS Report 275, 1997).

Table 2. 8: Major companies certified to ISO 14001 in the UK by the end of 1997

PowerGen
British Nuclear Fuels Ltd
Manweb
National Power
Nuclear Electric
Brunner Mond (UK)
Courtaulds Chemicals
Lever Brothers
Bristol-Myers Squibb
DuPont
Monsanto
lCl Katalco
Alcan Smelting & Power
Mobil
Vauxhall Motors
Rover Group
Ford Motors
Toyota Motor Manufacturing
UK Nirex

UK Waste
Biffa
Chelwood Brick
Blue Circle Cement
Rugby Cement
Pi!kington Glass Technologies
Dunlop
Phillips Components
Lucas
Toshiba
Mitsubishi Electric
GPT
Ericsson
Siemens GEC Communications
Brother Industries
Hygena
Leeds City Council
Nottingham City Council
Business Link London City
Department of the Environment

By October 1997 the UK had the largest number of ISO 14001 registered sites world

wide (ENDS Report 273, 1997) (Figure 2.7). This can be attributed to the two year

start gained by BS 7750 over ISO 14001. Before the launch of ISO 14001

approximately 200 firms had already been certified to BS 7750 and could easily

convert to ISO 14001.

Uptake of ISO 14001 has been strong in Japan, Korea and Taiwan (Figure 2.7). The

first draft certificate in Taiwan was awarded to Kind Management Consulting in

September 1996 by DNV Quality Assurance (Tarling, 1996). A number of Japanese

companies including Fuji, Hitachi, Mitsubishi, NEC, Sharp, Sony and Toshiba were

among the first to become certified to BS 7750 (ENDS Report 258a 1996). Japan's

Audit and Certification Organisation for the Environment was accredited by UKAS

during summer 1996. By October 1997 they held 425 certificates, compared to 440 in

36



the UK (Figure 2.7). A key driving force in the Far East is a fear that certification will

become a barrier to the European market (Environment Business, 1996d).

Certification is also prized by Asian companies as it demonstrates their environmental

responsibility.

Figure 2. 7: Number of ISO 14001 certified sites world wide (ENDS Report 273,
1997and 280, 1998)

Uptake in the USA has been slow, with only 55 sites being certified by October 1997.

This is surprising considering how strongly they fought for ISO 14001 to be less

demanding than BS 7750 and EMAS. US firms are reported to be unclear about the

benefits to gained from certification (Joe Casico, leader of the US negotiating team of

ISO 14001) (ENDS Report 273, 1997). They do not regard lack of certification as a

threat to trade and have been given no clear guidance that certification will result in

less regulation.
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Figure 2. 8: Number of ISO 14001 certified sites world wide per million
population (ENDS Report 273, 1997 and 280, 1998)

The number of world wide sites certified to ISO 14001 doubled, from 2,300 to over

4,000, between October 1997 and April 1998 (ENDS Report 280, 1998). Japan

overtook the UK with over 900 certificates compared to 650 in the UK. The number of

US certificates increased from 55 to 136, the lowest number per million of population

world-wide (Figure 2.8). The rate of uptake of the international standard is increasing

with 76 sites per month becoming registered in 1998 compared to 65 in 1997 (EAG

Environ, 1998). By September 1998 worldwide certified sites had risen to 5,637 with

the number of US certificates increasing to 200 (Institute of Environmental

Management, 1 998a).

In the UK uptake of ISO 14001 has been largest in electronics industry. By April 1997

electrical equipment suppliers held 12.4%, with chemicals, power generation and the

paper and printing sectors each with approximately 10%. This trend is also seen

worldwide with the electronics sector holding 36%, chemical manufacturing 11 % and

machinery and equipment manufacturing 9% by Autumn 1998 (EAG Environ, 1998).

The greatest uptake in the electronics sector has been in Japan, with 52% of
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certificates compared to 16% in the UK. In comparison the UK held 43% of chemical

certificates, compared to 10% in Japan, 85% of power producers and 56% of sites

involved in recycling. The first half of 1998 saw a marked increase in the number of

office based activities seeking certification, with 72% of these being located in the UK

(EAG Environ, 1998).

The first five companies registered to EMAS, during the summer of 1995, were UK

based (Table 2.9) (Chemistry in Britain, 1995). By the end of 1996, 421 sites were

registered throughout Europe with 348 based in Germany, compared to only 23 in the

UK (ENDS Report 264a, 1997) (Figure 2.9). This trend was sustained during 1997

with the number of UK sites increasing by only 18 to 41 compared to over 800 in

Germany (ENDS Report 272, 1997). A further 21 sites in the UK became registered

during 1998, bringing the total to just 61, with only 4 sites achieving registration

between July and December (ENDS Report 286, 1998).

Table 2. 9: First UK site's registered to EMAS in August 1995 (from Department
of the Environment, 1996b)

Akzo Nobel Chemicals 	 I National Power at Drax

Ciba Clayton
	

NOR Systems

Design to Distribution

The greater uptake of EMAS in Europe can be explained by increased supply chain

pressure. An example being Volvo's decision to call 850 suppliers to Sweden to

encourage them to adopt a certified system. It is also believed that Germany's lead in

EMAS is a reflection of official suggestions that registered sites may be less tightly

regulated (ENDS Report 261, 1996).
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Figure 2. 9: Number of EMAS registered sites by country (from ENDS Report
272, 1997)
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Throughout the EC EMAS uptake was largest in the chemical industry, followed by the

food processing and metal working sectors (Table 2.10). In the UK the chemical

industry led the way, followed by the printing and automotive industries (Department of

the Environment, 1996b).

Table 2. 10: Total number of EMAS registered European sites by sector by
September 1997 (from ENDS Report 272, 1997)
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Uptake in small and medium sized enterprises remains low despite the introduction of

a government grant scheme, the Small Company Environmental and Energy

Management Assistance Scheme (SCEEMAS). By March 1998 the Department of the

Environment had only received 250 applications for funding under the scheme, which

provides up to 50% of consultancy fees. This led to only 13 EMAS registrations across

the UK (Pers. comm. Thomas, 1998).

The comparative low uptake of EMAS in the UK can be explained by the low level of

awareness prior to its adoption. Only one in five companies had heard of the scheme

four months before its launch (Environment Business, 1996d). As it can take 1-2 years

to implement it is not surprising that so few companies gained registration in the first

eighteen months. The profile of the EMAS may rise as more major companies

become registered. Many UK leaders, including 101, ICL, BP Chemicals and Blue

Circle Cement have now made a commitment to the scheme (Environment Business,

1996d). BP Chemicals and Blue Circle Cement both plan to register all their UK sites

(ENDS Report 275, 1997) (ENDS Report 278, 1998).

2.9. PREVIOUS RESEARCH ON INDUSTRIAL ENVIRONMENTAL ATTITUDES

The majority of previous research in the subject area has focused on industrial

environmental attitudes and their response to the environmental challenge. This

generally indicates low industrial environmental awareness, in particular in small and

medium sized enterprises. In 1993 the Co-operative Bank's Manchester Business

Survey, Profiting from Environmental Protection, surveyed 1,100 Manchester

businesses (Hooper, et al., 1995). They found 33% believed they could not improve

their environmental performance. Only 10% believed they have a negative

environmental impact and 66% were not aware of BS 7750.

Over 99.8% of UK business consists of small and medium sized companies (SMEs)

(Groundwork Trust, 1995). Environmental awareness in such organisations tends to

be low with time and cost representing particularly significant barriers to improved

performance (KPMG, 1997) (Vogt, 1996) (Groundwork Trust, 1995) (Hutchinson,

1995) (ACBE, 1993) (Whitaker, 1993). Their attitudes were investigated in a Gallop
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survey of 300 SMEs commissioned by the Groundwork Trust in 1995. This revealed

that 24% could see no reasons for addressing the environment, 79% did not believe

cost savings could result from improved environmental performance and only 16%

were aware of the Duty of Care Regulations (Groundwork Trust, 1995).

An important barrier to environmental management remains to be senior managers'

lack of understanding of the benefits of improved performance (Institute of

Environmental Management, 1995). In 1995 the Environmental Technology Best

Practice Programme, a Department of Trade and Industry initiative, surveyed

environmental attitudes in a number of industrial sectors (ETBPP, 1996a). Over 50%

felt financial constraints restricted them from improving their environmental

performance (Figure 2.10). Perceptions varied between sectors, with over 50% of

those in the printing industry seeing no significant cost benefits compared to only 18%

in the speciality chemical sector (Figure 2.11). Almost 30% of chemical companies

believed environmental issues affected profitability (Figure 2.12).

Figure 2. 10: Companies feeling financial constraints restrict them doing more to
improve their environmental performance (ETBPP, 1996)
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Figure 2. 11: Companies seeing no significant cost benefits in improving
environmental performance (from ETBPP, 1996a)

-	 J5	 UI	 UI	 55	 55	 55	 UI
C	 U	 .5	 55	 U	 II

•	 I,	 -	 -
55	 II	 U)	 C5	 :

II	 U.II	 .1	 I-	 C	 •	 •1E
Uo	 2a

IL.	
U.	 -

a.

Figure 2. 12: Companies quoting environmental issues as affecting profitability
(from ETBPP, 1996a)
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Costs

Larger companies, employing over 250 personnel, are generally more convinced of the

commercial benefits than the smaller companies (ETBPP, 1 996a). In March 1997 the

second UK Business and The Environment Trends Survey surveyed the Top 1000 UK

companies and 50 leading opinion-formers on environmental issues. The research,

sponsored by Entec in associated with the Green Alliance and conducted by the

Moffatt Associates Partnership, found concern about the environment to be growing.

67% of companies assigned more importance to the environment compared to 1996.

The proportion of companies looking beyond legal requirements had increased to 37%,

from 25% in 1996. Awareness of the business benefits of investing in the environment

was increasing, with 40% citing lack of awareness as a limiting factor compared to

51% in 1996 (Figure 2.13). Views varied on the impact of environmental management

on profitability with 47% saying the impact was positive and only 11 % negative (Moffatt

Associates Partnership, 1997).

Figure 2. 13: Factors limiting business action on environmental issues (Moffatt
Associates Partnership, 1997)

0%	 10%	 20%	 30%	 40%	 50%	 60%

Previous research has established the extent to which companies are adopting EMSs.

Each year the Chemical Industries Association (CIA), through their Responsible Care

Programme, reviews the performance of the Chemical Industry. Responsible Care is a
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voluntary international initiative requiring participating companies to report annually to

the CIA on their performance. The majority of chemical companies within the UK have

signed up to the scheme (Table 2.11).

Table 2. 11: UK chemical companies committed to Responsible Care (from
Chemical Industries Association, 1996)

Survey
	

Number of Sites
	

Number of Sites
	

Coverage of CIA Sites
Year
	

(All Activities)
	

(Manufacturing)
	

Manufacturing

1994
	

381
	

327
	

92%

1995
	

392
	

337
	

97%

In 1994 they found 2% had a certified system, 55% a comprehensive documented

system and 43% no formal system. By 1995 this had increased to 3% with a certified

system, 58% with a formal system and 39% with no system (Chemical Industries

Association, 1996) (Figure 2.14). This high uptake can be explained by the greater

uptake within the chemical industry as a whole compared to other sectors. In addition

these companies have already demonstrated their environmental commitment, as

signatories to Responsible Care.

Figure 2. 14: Environmental management systems in the chemical industry
(from Chemical Industries Association, 1996)
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The Institute of Environmental Management measures the uptake of EMSs in industry

through their annual survey of members (ENDS Report 254b, 1996). Between 1993

and 1995 approximately 70 members, from a wide range of sectors and sizes,

responded. In 1993, 20% of respondents were implementing or planning systems. By

1995 this had risen to 86%, with one third in the process of implementation. Only

10%, however, felt that their EMSs were well developed although by 1996 this had

risen to 36% (Institute of Environmental Management, 1996a). This illustrates

widespread support of the EMS standards within the Institute's members but is unlikely

to be typical of industry as a whole. Respondents are likely to be more sympathetic

towards the environment as they are members of the Institute.

The survey also found a significant increase in the number of companies developing

in-house bespoke systems (ENDS Repovt 2b, (Tab These thcIicieci

SmithKline and Beacham, BP Chemicals and Zeneca. This doesn't necessarily

prevent certification to a recognised standard but illustrates that some companies,

especially the larger ones, prefer to design their own systems rather than adopt a

standardised approach. They may not believe the standards to be suitable for their

organisation or may consider them too bureaucratic (ENDS Report 254b, 1996).

Table 2. 12: Types of EMSs adopted (from ENDS Report 254b, 1996)

As part of Masters research at UMIST Reimann, et al., (1995) surveyed fifteen

companies from a range of sectors to establish their EMS status (Table 2.13). The

findings concluded a great variety in approach towards environmental management

with some general categories of response (Table 2.14).
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Table 2. 13: Companies involved in Survey (Reiman, eta!., 1995)

None of the companies involved had an advanced EMS although 13% were currently

implementing BS 7750 and intended to achieve certification. A further 27% were

considering implementing an EMS. These figures are much lower than the surveys

carried out by the Chemical Industries and the Institute of Environmental Management.

They are more likely to represent the average as a range of different industrial sectors

were involved and the survey was not limited to those committed to environmental

programmes.

Uptake and interest in the EMS standards is substantially greater in corporate

organisations. In 1996 a survey of 84 blue chip companies, carried out by consultants

Arthur D Little, found 86% to be actively monitoring developments in EMS and 90% to

have implemented an initial environmental review. 69% believed an EMS would assist

in legal compliance and due diligence, 31 % that it would improve efficiency and reduce

costs, and 41% that it would be a potential competitive advantage. Only 50%,

however, felt that recognition under one of the schemes was likely to be important to

their future business success. Many companies were found to be waiting for

competitors to make the first move before seeking third party certification (ENDS

Report 252b, 1996) (McKenna, etaL, 1996).
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Table 2. 14: Approaches to Environmental Management (Reimann, eta!., 1995)

Category	 No	 Explanation

Implementing 2 Found that a formal, independent, accredited
EMS was desirable and were in the process of
implementing BS 7750 into their operations.

Considering 4 Found that a formal, independent, accredited
EMS was desirable but were either deciding
between different systems or watching the
"Implementing" category to survey their
experience.

Safety/Health/Environment 5 Saw the need for a formal system of
environmental management, but believed that
environmental concerns would be best
addressed as part of a combined safety, health
and environment system.

No Formal System 3 Did not see the need for a formal system
although they did have some control
procedures for environmental issues.

Swamped 1 So inundated with other business concerns
that it barely had time to consider even basic
environmental issues.

A similar survey of 115 large firms in the USA and Canada, also carried out by Athur D

Little, revealed that 62% felt that third party certification to ISO 14001 was likely to be

important to future business success, a higher percentage than in the UK. However,

only a third expected compliance with ISO 14001 to improve their environmental

performance or reduce costs (ENDS Report 252b, 1996). Many companies are not

convinced about the added value of certification as they believe that most, if not all, the

potential benefits can be achieved without adopting a formal standard or having it

externally certified (Vogt, 1996).

A survey of the FTSE 100 companies undertaken by Business in the Environment in

1996 found the UK's top companies to be well advanced with the adoption of

environmental policy and allocation of responsibilities at Board level (Business in the

Environment, 1996). Almost 90% of responding companies had produced an

environmental policy and 80% had assigned a board member specific responsibility for
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the environment. Approximately 50% reported to have at least a partial EMS in place

with almost 10% of the oil, gas, chemicals, minerals and utility companies having

sought external certification. None of the participants in other sectors had certified

their systems against a recognised standard. The second Business in the

Environment's Index of Corporate Environmental Engagement 1997, found significant

progress with the implementation of EMSs. Those with an environmental policy

increased to 95%, those with a responsible board member to 90% and those operating

partial EMSs to 60% (Business in the Environment, 1998). The third index, which is

due to be published during the spring of 1999, is expected to show a continued trend

of increasing environ mental commitment.

2.10. SUMMARY

The 1990s saw the publication of three standards for environmental management

systems (EMSs). BS 7750 became fully operational in February 1995, EMAS came

into force in April 1995 and ISO 14001 was adopted in September 1996. All three

standards are similar in their requirements but vary in their prescriptive detail. They all

specify a number of requirements of an EMS and allow organisations to have their own

systems externally certified. Many elements are shared with ISO 9000, the standard

for quality management systems, including the need for a policy and documented

procedures.

The publication of the standards has caused significant controversy regarding their

implications for industry. They have been welcomed by environmentalists for their

potential to encourage voluntary environmental improvement, in particular in those

areas not subject to legislation, but a'so criticised for their lack of performance criteria.

Industry's previous experiences with quality management systems has led to concern

over the degree of paper work involved and fear of bureaucracy. Concerns have also

been raised that certification will become a barrier to trade and that customers will

expect unrealistic requirements of their suppliers, who are often smaller with less

resource availability.

Previous research on industrial environmental attitudes illustrates significant interest in

the EMS standards. Many companies, especially larger corporates, have taken the
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first stages towards their implementation. Certification, however, remains low with

many companies monitoring progress and waiting for competitors to make the first

move. Barriers to EMS uptake are time, cost, fear of bureaucracy plus a lack of

awareness of the potential benefits. This is illustrated by a survey of 500 organisations

from France, Germany and the Netherlands undertaken by quality assurers SGS

Yarsley. They found that 70% and 51 % perceived time and cost, respectively, to be

major obstacles to EMS implementation (Environment Business, 1996a). This

demonstrates the need for greater clarity regarding the resources required to achieve

certification and the implications on management practices and business performance.
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CHAPTER 3

3.0. RESEARCH METHODOLOGY & DESIGN

3.1. INTRODUCTION

Research is the systematic and organised investigation into a specific problem. It

consists of a series of steps to be designed and followed, with the goal of finding

answers to issues of concern. Where the aim is to solve an existing problem within the

workplace, with the intention of implementing the findings, it is known as applied

research. In comparison, pure research, also known as basic or fundamental

research, aims to contribute to general knowledge in the subject area. The nature of

this study is both applied and pure. The applied element was undertaken during the

design and implementation of an EMS within a large chemical manufacturing plant.

The pure research aimed to investigate the business implications of adopting a formal

EMS through the compilation and analysis of case-study data.

Sekaran (1992) segregates research according to its purpose and the level of

knowledge in the subject area. Exploratory studies are undertaken where there is little

understanding or previous research within the subject area. They call for extensive

preliminary work to gain familiarity before a model can be developed for complete

investigation. Such studies tend to be based on inductive, rather than deductive,

research paradigms (Dermody, 1994). They are not concerned with testing existing

theories or models, which rarely exist due the paucity of previous research, but on

enhancing insight and understanding. They typically involve the use of qualitative

research methods to derive ideas, opinions and theories directly from the empirical

data (Ham mersley, 1989).

As understanding and knowledge increases, research within a particular field typically

moves from exploratory towards a more descriptive nature. Descriptive studies

ascertain and describe the variables in a particular situation. Within organisations they

are commonly undertaken to understand the characteristics of those following

particular work practices or policies. They aim to present data in a systematic format
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to understand the characteristics of a group, offer ideas for further probing or help

make certain decisions.

Descriptive studies frequently lay the foundation for the third type of research

programmes, hypotheses testing. These aim to explain the nature of relationships or

independence between certain factors relevant to the research (Sekaran, 1992). They

are typically of a deductive and quantitative nature, involving the testing of already

established ideas, theories and hypotheses, using data collected specificafly for this

purpose. This is commonly known as the hypothetico-deductive method of conducting

research where the emphasis is not on the generation of ideas or theories, but on the

methods by which these are tested (Gill, et al., 1991).

Welford (1 998) refers to business research as either positivism, which is objective and

quantitative, or interpretivism, which is qualitative and exploratory. He claims the

majority of business related research has been dominated by objective quantitative

techniques, such as research into the operation of markets and businesses using

scientific method and statistics. Interpretivism, which has grown in importance since

the mid 1980s, has lead to a richer understanding of the modern business enterprise

by accepting the complexity of business activities which are too diverse to be

described by simple models. He claims the weakness of both positivism and

interpretivism are their failure to be critical or visionary and calls for research which

stresses both the objective and subjective with the main aim of creating change.

Findings need to be translated into action with the aim of solving a problem and

creating an agenda for environmental improvement.

This research aims to increase knowledge and understanding of the implications for

industry of adopting an externally recognised environmental standard. As advocated

by Welford (1998) a large part of the research is to apply the findings to create an

agenda for change. The aim is to identify EMS critical success factors and

recommendations for industry and certification bodies for improving their effectiveness.

As the previous chapter indicates environmental management was a rapidly evolving

subject during the early to mid 1 990s. At the start of the research programme the first

EMS standard was available only in draft and certification arrangements had not been

finalised. The lack of data or knowledge regarding the potential impact of the EMS
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standards initially called for an exploratory and inductive approach. This phase of the

research focused on identifying the requirements of the EMS standards, both in theory

and practice. As their uptake became more widespread it could move towards a more

descriptive, quantitative and deductive approach.

Regardless of the research purpose or type, research methodology and design

comprises eight stages (Figure 3.1). Observation and preliminary information

gathering establishes the current situation in the subject area and identifies the

research focus. The literature review compiles background information and studies

previous research in the subject area. This enables a clear research problem to be

defined and an analytical framework developed. The theoretical framework identifies

the factors of importance to the research and the variables requiring investigation.

Through the examination of their expected inter-relationships research hypotheses are

established. This is an essential prerequisite to the research design and data

collection. Finally, analysis and deduction determine the degree to which the research

hypothesis can be substantiated.

3.2. OBSERVATION & INITIAL INFORMATION COLLECTION

Observation, the first stage of research, results in the researcher sensing that changes

are occurring. Where this is considered to be potentially important it will lead to the

gathering of preliminary information to enable the researcher to learn more about their

observations. During this study the observation and initial information collection stages

were undertaken during an MSc dissertation completed between March and July 1994

in Environmental Resources at Salford University.
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3.3. THE LITERATURE REVIEW

A literature survey is necessary to ensure factors of importance are not excluded from

the research design and data-collection process. It also serves to ensure familiarity

with previous research and its inter-relationships with the subject of study.

Traditionally the literature review will be undertaken at the start of the study period

prior to the research methodology and design. The rapidly evolving nature of the

subject area in this case called for a different approach. At the start of the project,

September 1994, limited literature or research was available regarding the implications

of adopting a recognised EMS due to the low uptake of the standards. It largely

focused on describing the requirements of the standards and speculating upon their

implications for industry. It identified a great deal of concern and controversy over the

merit or otherwise of adopting a formal EMS. This called for an empirical investigation

into the business implications of such systems to assist organisations contemplating

EMS implementation in their decision making process.

The field of environmental management systems was extremely active during the

period of study, October 1994 to Spring 1999 (Chapter 2). The vast quantity of

research and literature published during this period called for a flexible approach

where literature was continually reviewed on a chapter by chapter basis (Figure 3.2).

Sources of information included books, journals, newspapers, conference proceedings,

company reports, master's dissertations and doctoral research (Figure 3.3).
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Figure 3. 2: Scope of the literature review
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Figure 3. 3: Information sources for the literature review
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3.4. PROBLEM DEFINITION

After Completion of initial data collection and literature review it is essential to clearly

define the issues of Concern, forming the focus of further research. A problem can be

defined as any situation where a gap exists between the actual and desired ideal state

(Sekaran, 1992). The problem statement needs to be a clear, precise, succinct

statement of the question or issue to be investigated with the goal of finding an answer

or solution. Its nature depends on whether the research is applied or pure. Within the

realm of applied business research, such statements focus on solving existing

57



problems where a manager is looking for a solution or feels the situation could be

improved. In comparison pure research focuses on areas where some conceptual

clarity is needed for theory building or situations where the researcher aims to answer

a question empirically. As this study programme comprises both applied and pure

research two distinct research problems were required.

Applied Research Problem Statement:

How can an EMS, meeting internationally recognised standards, complementary to

existing quality and health and safety systems be designed and implemented for a

large chemical manufacturer?

Pure Research Problem Statement:

What are the implications for industry of the internationally recognised EMS standards

and how can the variability in their impact be explained between organisations?

3.5. THEORETICAL FRAMEWORK

A theoretical framework is a conceptual model identifying variables of importance to

the research and predicting their relationships. It is an essential element of the

research methodology and design as it identifies those parameters requiring

consideration during the planned research. It is based purely on theory and aims to

predict relationships to be tested during the empirical research. Variables, factors

which take on differing or varying values, can be dependent, independent or

moderating in nature (Sekaran, 1992).

3.5.1 The Dependent Variable

The dependent variable is of primary interest and the main focus of the research. In

the case of this study it is the business implications of adopting a recognised EMS, the

variability of which needs to be explained or predicted. The research aims to identify

these implications and predict their variability between organisations.
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There are a number of factors to be considered in determining the implications for

industry of the EMS standards (Figure 3.4). This requires the independent variable to

be sub-divided into smaller more manageable components. The research needs to

explore the scale and importance of each of these as they all contribute towards the

overall impact of the standards. They will have a critical impact in determining the

extent to which an EMS is beneficial to a particular organisation.

Figure 3. 4: A theoretical framework for identifying the implications for industry
of the EMS standards
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Component 1: Impacts on management practices

The previous chapter suggests that an EMS will change working practices and

company culture, Its impacts on environmental performance; documentation; decision

making; integration of management disciplines and employee awareness and

motivation all require investigation. The value, whether positive or negative, of these

changes needs to be analysed in terms of their benefits to the organ isation.
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Component 2: Impacts on operational efficiency

Environmental initiatives have the potential to improve operational efficiency through

reduced waste, raw material and energy consumption. The extent to which

implementing an externally recognised EMS improves efficiency requires measuring

through the cost savings achieved.

Component 3: Impacts on legislative compliance

A fundamental aim of an EMS is to ensure legislative compliance (Chapter 2). The

extent to which they achieve this in practice must be considered during the empirical

research. Improvements in legislative compliance can be measured by comparing the

number of incidents and prosecutions before and after implementation. Industry's

perceptions regarding the extent to which their EMS has improved their understanding

of legislation and ability to deal with future requirements is also a useful indicator.

Component 4: Impacts on public relations

Implications for public image require consideration when investigating the industrial

impacts of an EMS. Changes in the number of environmental complaints may provide

an indication of performance in this area. This, however, requires care as an increase

may reflect improved recording mechanisms or abnormal activities such as demolition

or construction work. A company's perception of their public image also provides a

useful indication of any changes to their image. The extent to which an EMS has

resulted in increased activity in the local community will also provide an indication of

changing public relations.

Impacts on public image are interrelated to other research variables. The degree ol

compliance with legislation, for example, will influence public perceptions. A

prosecution, resulting in media attention, is likely to substantially damage a company's

image. Likewise poor supplier environmental performance may have negative

repercussions on a customer.
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Component 5: Impacts on competitive advantage

Customers are becoming increasingly concerned about the environmental

performance of their suppliers. The implementation of an EMS has the potential to

improve competitive advantage by ensuring that the requirements of both existing and

potential customers are met. The extent to which an EMS influences competitive

advantage is difficult to measure as in most cases the environment will be one of many

criteria influencing supplier choice. It may be possible in some cases, however, to

identify new contracts which have been secured or existing contracts maintained as a

result of EMS certification. The number of customer enquiries regarding the

environment can also be used as a measure of the extent to which an EMS is likely to

improve competitive advantage.

Component 6: Impacts on insurance premiums, investment and access to

capital

To reduce the commercial risk of investment, loan of capital and insurance, financial

institutions are increasingly becoming concerned about environmental performance.

The existence of a certified EMS has the potential to reassure them and facilitate

enhanced investment and easier access to capital. The influence of an EMS on

investment and access to capital must therefore be considered during the research.

This is most effectively monitored through direct questions to participating

organ isations.

Component 7: Impacts on supplier environmental performance

The EMS standards require the environmental effects of suppliers to be considered. If

these are deemed to be significant a programme is required to reduce their impact

(Chapter 4). Improved supplier environmental performance may benefit the customer

by ensuring security in supply of raw materials. In addition it has the potential to

enable suppliers to become more competitive, with the ultimate affect of reducing raw

material costs. Impacts on supplier environmental performance can be investigated by

monitoring the extent to which companies with EMSs improve their supplier

relationships and encourage them to adopt higher environmental standards.
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Component 8: Impacts on resource requirements

A key issue for industry is the likely costs associated with an EMS. Human resources

can be measured through the time spent implementing and maintaining the system. In

addition the capital expenditure, certification and consultancy fees require

investigation.

It can be anticipated that the degree of resources committed to implementing and

maintaining an EMS will influence the results of the system. A high degree of capital

expenditure, for example, is likely to result in greater improvements in environmental

performance. An example would be the installation of improved storage and

containment facilities as this would reduce the risk of accidental releases. A further

example is the installation of water recycling facilities thereby improving operational

efficiency.

3.5.2 The Independent Variables

Independent variables influence the dependent variable. Whenever there is a change

in the independent variable there will also be a corresponding increase or decrease in

the nature or value of the dependent variable (Doran, 1995). An aim of this research is

to identify factors influencing the business implications of an EMS and to establish the

nature of these relationships. A number of factors can be predicted to influence the

impact of an EMS (Figure 3.5)

Variable 1: Company size

The relationship between company size and the implications of adopting an EMS

requires investigation. A large multi-site organisation with a number of complex

manufacturing processes may find an EMS more beneficial than a smaller company.

Likewise company size might be expected to influence the costs of implementation. It

may be predicted that the larger the company the greater the costs. Alternatively,

larger organisations are perhaps more likely to have specialist skills and the ability to

spread costs throughout the organsation (Patton, et al., 1995). Their systems may
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also be more advanced, requiring relatively little further effort to meet the requirements

of an external standard,

Figure 3. 5: Potential independent variables to be considered during the
empirical research

Variable 2: Industrial sector and nature of environmental effects

The industrial sector of an organisation might be expected to influence the value of an

EMS. Those sectors perceived to be environmentally damaging, for example, may

benefit more in terms of improved public image. The chemical, nuclear, transport,

paper or wood products sectors would fit into this category. It can also be reasoned

that the range and complexity of environmental effects will influence the resources

required during the implementation and maintenance of the system.
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Variable 3: Legislation & degree of regulation

The extent to which a company is regulated may influence the benefits of adopting a

certified system. Those companies in high impact sectors, such as the chemical and

nuclear, which are the most tightly regulated can be predicted to experience greater

benefit in terms of improved legal compliance and risk minimisation.

In analysing the data, consideration must be given to changes occurring to meet

legislation or for other business reasons. Whilst an organisation may be able to

demonstrate improvements in environmental performance these are not necessarily

attributable to the EMS. Improvements implemented to meet legislation, for example,

would be required regardless of the EMS and are therefore coincidental. This is

particularly relevant to those processes prescribed for regulation under Integrated

Pollution Control by the Environmental Protection Act 1990. In this case an

improvement programme is required by the enforcing authorities.

Variable 4: Markets

The markets in which a company is active might be expected to influence the value of

an EMS in terms of improvement in competitive advantage. Those who export to

countries with tighter environmental legislation, for example, may find that customers

demand higher standards from their suppliers. By demonstrating their environmental

credentials through EMS certification suppliers may be in an improved position to

expand their export markets. This can also be predicted to be true of companies

supplying UK organisations which have a commitment to source materials from

suppliers with high environmental probity. The influence of these variables on EMS

value requires investigation during the empirical research.

Variable 5: Location

The influence of site location on EMS value merits consideration. It may be predicted

that organisations operating from sites adjacent to residential communities will

experience increased problems in terms of their public relations. External certification
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has the potential to benefit such companies through the demonstration of

environmental commitment to local residents.

3.5.3 Moderating Variables

The presence of a third moderating variable, or factor, may have a strong effect on the

relationships between the independent and dependent variables. These are criteria

within an organisation which may constrain or enhance the ability to effectively pursue

a chosen direction (Ghobadian, 1998). In determining the implications of adopting an

EMS it is necessary to take a number of potentially moderating variables into account

(Figure 3.6).

Figure 3. 6: Potentially moderating variables to be considered durfrtc the
empirical research
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Variable 1: Driver for EMS adoption

Companies are motivated to adopt an EMS for a variety of reasons. The extent to

which the driver influences the overall direction and value of the resulting systems

requires consideration. It is therefore important to include company's motivation for

adopting the system during the research design and data collection.

Variable 2: Existing environmental management practices

An organisation's starting point with regard to environmental management can be

predicted to influence the implications of adopting an EMS standard. It might be

expected that the costs of implementation would be lower for those organisations with

advanced systems already established. However, it could be predicted that the

resulting benefits would be reduced as there is little room for further improvement.

Variable 3: The type of system chosen and its ease of implementation

Companies have the choice of whether to base their EMS on BS 7750, later replaced

by ISO 14001, EMAS or to design an in-house system. They also have options

regarding whether to seek external certification. The type of system adopted and

whether it is externally certified may influence its industrial value. Registration to

EMAS can be predicted to improve public relations more substantially than ISO 14001,

due to the requirement for an externally validated public statement.

The ease of implementation and their industrial applicability of the various EMS

standards must be taken into account. Consideration must be given to how the

standards work in practice and their ability to meet industry's needs. If they are difficult

to interpret and hard to apply to certain organisations their value will be reduced.

Conversely if industry finds a standard easy to apply and realistic in its requirements

they will contribute more to enhancing business performance.

66



Variable 4: Management commitment

The influence of management commitment on EMS success requires investigation. If

the commitment is not apparent it can be anticipated that the resulting benefits will be

reduced.

Variable 5: Choice of EMS champion

Strong leadership is a key mediating factor in a company's ability to effectively pursue

its chosen direction (Ohobadian, 1998). The status and experience of the person

given responsibility for the EMS is therefore likely to influence its ease of

implementation and resulting value. It is important to collect this information from

participating companies and analyse its influence during the later stages of the

research.

Variable 6: Company culture and structure

An organisation's culture may influence the effectiveness and value of an EMS. The

degree of familiarity with management systems and internal auditing would be

expected to influence the ease and therefore costs of implementation. Companies

certified to ISO 9000 may find their environmental systems easier to operate and more

effective, as they have previous experience of management systems. Conversely,

those with a tradition of encouraging innovation and creative thinking, may perceive an

EMS as a bureaucratic burden stifling the generation of new ideas (dough, et al.,

1995). Organisational structure may also impact on EMS effectiveness and value. If

responsibility for the environment is split between different departments or managers

this may be predicted to cause controversy over responsibilities.

Variable 7: Degree of integration with other systems

When implementing an EMS an organisation has a choice over the extent to which to

integrate the system with other management disciplines. Certain organisations opt to

integrate their system with an existing quality or health and safety system whilst others
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keep their EMS as a stand alone system. This decision may have a substantial impact

on the resulting value and requires consideration during the research.

Variable 8: Degree of employee training & awareness raising

The relationship between the quantity and nature of employee training and awareness

raising and the success of an EMS merits exploration. This requires investigation and

must be incorporated into the research design.

3.6. RESEARCH HYPOTHESES

The theoretical framework, explaining and predicting relationships between variables

of importance to the research, leads to the determination of testable hypotheses. A

hypothesis is an educated guess about a problem's solution. It can be defined as a

logically conjectured dependence between two or more variables expressed in the

form of testable relationships (Sekaran, 1992). The hypotheses for this research is

that the resource implications associated with formal certified environmental

management system outweigh the resulting business benefits. The null hypotheses is

that:

"It is not beneficial for industry to adopt the internationally recognised EMS standards"

1•

3.7. THE RESEARCH DESIGN

The limited knowledge surrounding EMS standards and the lack of existing theories or

models called for a mainly exploratory and inductive approach to the research. The

low uptake of the EMS standards, at the research design time, necessitated the study

to be based largely on qualitative rather than quantitative data. A key principle of

qualitative research is flexibility, which is particularly important where the research

aims to improve insight and understanding. The rapidly evolving nature of

environmental management systems required research techniques to adapt with

changing levels of knowledge. This is a typical characteristic of qualitative research

which rejects the highly-structured deductive approach in favour of an unstructured
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research design (Table 3.1). Qualitative research accepts that businesses are too

complex to be explained by simple models and theories (Welford, 1998).

Table 3. 1: Qualitative versus quantitative (adapted from Dermody, 1994)

Attributes	 Qualitative	 Quantitative

Functions	 • Exploration	 • Assessment

• Diagnosis	 • Description

• Understanding	 • Quantification

• Insight	 • Hypothesis Testing

Characteristics	 • Unstructured	 • Structured

• Flexible	 •	 Rigid

Methodology	 • Semi-structured questions	 • Structured questions

• Depth interviews	 • Large representative sample

• Small samples	 • Statistically Valid

• Personal analysis	 Computer analysis

Allows generalisations

Exploratory qualitative research is particularly powerful for achieving greater

understanding and generating new theories. It can often provide more depth than

quantitative research and is able to break-down broad, vague research statements into

smaller more specific statements or hypotheses (Selltiz, et al., 1976). It is particularly

useful in formulating specific research problems requiring more precise future

research.

Qualitative research techniques typically involve small samples designed to survey

knowledge and experience of key individuals familiar with the research subject

(Crabtree, et al., 1992). These experience surveys, unlike quantitative research, are

not intended to be statistically valid, but are driven by the need to expose relevant

issues. The researcher's judgement is used to carefully select individuals for their

experience or knowledge of the subject area (Patton, 1980). Data is used to uncover

personal views, perceptions, experiences, fears and needs.
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Experience surveys are typically supported by a detailed analysis of selected cases,

focusing either on an individual, department or company. The case-study method is

beneficial in providing deeper understanding and a foundation for theory development.

A particular strength is its ability to deal with a wide variety of data sources including

documentation, personal interviews and observation (Tull, et al., 1978). This flexibility

in data collection is invaluable in situations where there is limited previous knowledge

of the subject area. The rigour of the method can be improved if multiple case-studies

are used.

In keeping with accepted qualitative techniques the design of this research is based on

exploratory experience surveys supported by an analysis of detailed case-studies

(Table 3.2).

3.8. DATA COLLECTION TECHNIQUES

Judgement, rather than random sampling techniques were adopted, for both the

experience surveys and detailed case-studies. Key informants, or participants, were

carefully chosen for their extensive experience of EMS implementation and operation

within industry. The experience surveys collected data using structured questionnaires

distributed by post. Case-study data was collected through depth interviews,

documentation reviews and observations. Depth interviews, named for the level of

detail obtained, involve an unstructured or semi-structured questionnaire, where the

majority of questions are open-ended. The interviewer aims to encourage the

respondent to talk freely about an area of the research. The issues discussed at each

interview vary according to the views and knowledge of the respondent. Questions are

arranged in order of detail, beginning with the general and leading to the more specific.

In collecting qualitative case study data it is not sufficient to rely on memory or hand-

written notes. As soon as possible after each meeting a full transcript of the

conversation was developed including the author's own views and observations.
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3.8.1 Masters Research

The Masters research involved the author being placed at a large chemical

manufacturer, Solvay Interox Ltd, for five months during the spring of 1994 (Goodchild,

1994). The aim of the project was to assess the practicalities of adopting an EMS

standard and provide recommendations for further development of the company's

existing in-house system.

To gain a practical understanding of the implications of adopting BS 7750 a survey of

individuals with experience of the standard was undertaken. A questionnaire was

compiled with the aim of collecting information on the approach industry was taking in

designing environmental management systems. Particular emphasis was placed on

the effects assessment, objectives and targets, documentation and integration with

other business management systems (Table 3.3). A judgement sampling approach

was adopted using a list of companies participating in the BS 7750 pilot trial, provided

by the British Standards Institution. A target sample of 20 companies was chosen

from a range of manufacturing sectors. Responses were obtained from seven

companies (Table 3.4) and additional information was collected from published

literature and conference documentation. The experience survey was supported by a

detailed analysis of three cases, Bowater Drums Ltd, BNFL and UK Waste Ltd. Data

was collected through a loosely structured depth interviewing technique,

documentation reviews and observations during site visits.

A period of applied research at Solvay Interox Ltd was undertaken in parallel with the

experience survey and case-studies. The first stage was to review the company's

environmental position to identify strengths and weaknesses compared with BS 7750.

This led to a series of recommendations and an action plan for EMS implementation.

Options for expanding and amending existing activities to meet the requirements of the

standard were investigated, in particular those for integrating the system with existing

health, safety and quality systems (Goodchild, 1994).
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Table 3. 3: Data collected during Masters research survey

Organisation and Personnel:

• The Management Representative for BS 7750

• Details of any site teams established for BS 7750

Environmental Effects Register:

• Details of the methodology employed for assessing environmental effects

• Number of effects identified as significant

• Details of supplier assessments undertaken

Objectives & Targets:

• Total number of objectives and targets

• Number of quantified objectives and targets

• Number of objectives and targets beyond legislative compliance

Operational Control:

Number of operational control procedures required for BS 7750

Miscellaneous:

Most difficult areas of the standard

Planned certification date

Table 3. 4: Companies participating in the MSc research survey

Company Name	 No of	 Activity
Employees

Akzo Nobel Chemicals Ltd	 29	 Electropolishers

Anopol Limited	 140	 Organic Peroxide Manufacture

Bowater Drums Ltd	 200	 Fibre Board Packaging Manufacture

Lancastrian Labels	 60	 Self-adhesive Label Printers

Seton Health Care Group plc	 650	 Healthcare Products Manufacture

Thomas Swan & Co Ltd	 125	 Chemical Manufacture

Transport Development Group	 19,000	 Distribution, Storage & Transport
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38.2 Doctoral Research

The Doctoral Research comprised of four phases, each based on qualitative inductive

research techniques. Each stage was designed to improve understanding and insight

into the implications of adopting an EMS standard in terms of required changes to

management practices, business benefits and resource implications. All four stages

ran in parallel rather than chronological order.

Phase 1: Desk Based Research

The literature review was an essential pre-requisite to the research design phase in

ensuring key issues were identified and areas of importance not overlooked (Chapter

3.3). It also significantly contributed towards the collection of empirical data regarding

the experiences of individuals and organisations with experience of the EMS

standards. Their publication during the early and mid 1 990s caused extensive interest

within the business community (Chapter 2). Companies amongst the first to adopt the

standard were keen to publicise their experiences and achievements within business

journals and conference proceedings (Table 3.5).

Phase 2: Exploratory Experience Survey

This phase of the research involved the development of a questionnaire to survey the

experiences of key individuals with extensive experience of EMS implementation and

operation within industry (Appendix 1.1). The aim was to collect data relating to the

implications of adopting an EMS in terms of working practices, company culture,

business benefits and resource requirements (Table 3.6). A range of open and closed

questions were included, some of which asked participants to score their perceptions

on a scale of significance.
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Table 3. 5: Data on industry's experience of the EMS standards obtained through
the literature review

Company Name	 Source

Akzo Nobel Chemicals	 Company Environmental Report (EMAS Statement)

Alleid Colloids	 Corporate Publication

Applied Chemicals 	 Croner's Environmental Policy & Procedures

Autosmart	 Croner's Environmental Policy & Procedures

Birds Eye Walls	 Journal (ENDS Report)

BP Chemicals	 Conference Documentation

Brico Engineering	 Journal (BSI News)

British Opencast Coal	 Croner's Environmental Policy & Procedures

Castle Cement	 Journal (ENDS Report)

Cego Ltd	 Company Environmental Report (EMAS Statement)

Ciba Clayton	 Journal (BSI News)

Contract Chemicals 	 Company Environmental Report (EMAS Statement)

Design for Distribution	 Journal (ENDS Report)

Layezee Beds	 Department of the Environment Case-Studies

Loudwater Litho	 Department of the Environment Case-Studies

National Power	 Journal (Institute of Environmental Management)

Renlon Ltd	 Croner's Environmental Policy & Procedures

Rover Group	 Corporate Publication

Shields Special Metals 	 Company Environmental Report (EMAS Statement)

Silent Night Group	 Journal (Quality World)

Tioxide Europe	 ETBPP Literature

Vauxhall Motors	 Conference Documentation

Wolstenholme International Journal (ENDS Report) & ETBPP Literature

Woodcote Industries 	 Department of the Environment Case-Studies
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Table 3. 6: Question areas for the experience survey

Question
Numbers

1

2

3

4

5

6

7

8

Area of investigation

Environmental activities prior to the adoption of the EMS

Order of importance of EMS Drivers

The main benefit of the EMS

Extent of improvements in selected areas

Nature of improvements in environmental performance

Source and quantification of financial savings

Impacts on financial funding or insurance premiums

Impacts on visits from enforcing authorities

9	 Impacts on competitive advantage

10	 Impacts on public image

11	 Time taken to achieve certification

12	 Hours spent implementing the standard

13	 Responsibilities for EMS implementation

14	 Use of external consultants

15	 Quantity of employee training provided

16	 Capital expenditure

17	 Hours spent maintaining the system per year

18	 Assessment of suppliers environmental performance

1 9	 Costs of the certification process

20
	

Disadvantages of adopting BS 7750

21
	

Whether the EMS would have been implemented without BS 7750

The timing of the survey and sample choice were critical. To enable a comprehensive

identification of the implications of an EMS respondents needed to have been

operating their systems for a significant period of time. A time span of approximately a

year was considered acceptable. To enable comparisons between organisations it

was also important that respondents had been certified for approximately equal lengths

of time. As the first BS 7750 certificates in the UK were not awarded until March 1995
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it was not feasible to undertake the survey until the late spring and summer of 1996, by

which time approximately 60 certificates had been awarded. Unfortunately there was

no central source of information on these organisations. The NACCB provided the

names of accredited certification bodies who each supplied lists of the organisations

they had independently certified. In many cases they could not provide contact names

or addresses which were obtained from business directories, directory enquiries and

direct telephone contact with the company in question.

Initially the questionnaire was tested on a judgement sample of 10 organisations,

representing a range of industrial sectors and company sizes. It was then slightly

amended before being sent to another 37 companies achieving certification between

March and December 1995. Responses were received from 22 companies,

representing over 30% of UK certified companies. A broad range of industrial sectors

were involved in the survey (Table 3.7 and Table 3.8). On average companies had

been certified for 12 months although exact time spans varied from 9 to 20 months

(Table 3.9). In each case the questionnaire was completed by an individual with direct

responsibility and involvement in the implementation process (Table 3.10).

Table 3. 7: Standard Industrial Classification (SIC) of companies participating in
the survey (Central Statistical Office, 1992)

SIC	 Industrial Sector	 % of
Code	 Companies

DG	 Manufacture of chemicals	 23%

DJ	 Manufacture of metal products	 9%

DE	 Manufacture of paper products; publishing and printing	 23%

E	 Electricity, gas and water supply	 5%

DD	 Manufacture of wood and wood products	 5%

DH	 Manufacture of rubber I plastic products	 9%

DL	 Manufacture of electrical and optical equipment	 5%

DK	 Manufacture of other machinery and equipment 	 18%

SIC Code = Standard Industrial Classification
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Table 3. 8: Companies participating in the experience survey

Company Name	 Industrial Activity	 SIC Code

Akzo Nobel Chemicals	 Speciality Chemical Manufacture	 DG

Alcan Smelting & Power UK Metal Smelting 	 DJ

Anaplast	 Packaging Manufacture 	 DE

Applied Chemicals 	 Speciality Chemical Manufacture	 DG

Arjo Wiggins Fine Paper	 Paper Manufacture	 DE

Autosmart	 Speciality Chemical Manufacture	 DG

Beacon Press	 General Printers	 DE

BlOC Cables	 Telecommunication Cable Manufacture 	 DK

BOC Gasses	 Industrial Gas Manufacture 	 DG

Carson Office Furniture	 Wood Based Office Furniture Manufacture 	 DD

Curtis Fine Papers 	 Printing & Writing Paper Manufacture	 DE

Dunlop Ltd	 Rubber Products Manufacture	 DH

Epson Telford Ltd	 Computer Printer Manufacture	 DL

Gleaner Oil & Gas Ltd	 Oil and Gas Distributor 	 E

Lindsey Oil Refinery Ltd 	 Oil Refinery	 DF

NDM Manufacturing	 Automotive Air Conditioning Manufacture	 DK

P P Payne	 Packaging Manufacture	 DE

Philips Components	 Glass Screen Manufacture	 DK

Ricoh Products Ltd 	 Manufacture of Office Equipment	 DK

Sheilds Special Metals	 Electro Mechanical Equipment Dismantling 	 DJ

Thomas Swan & Co Ltd	 Speciality Chemical Manufacture	 DG

Wavin Buildings Products	 Plastic Pipe Manufacture 	 Dl-1
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Table 3. 9: Time between certification to BS 7750 and participation in the survey

Company Name	 Date of Certification	 Time since
certification

Akzo Nobel Chemicals	 March 1995	 20 months

Alcan Smelting & Power UK	 July 1995	 12 months

Anaplast	 March 1995	 13 months

Applied Chemicals 	 March 1995	 12 months

Arjo Wiggins Fine Paper	 September 1995	 10 months

Autosmart	 April 1 995	 11 months

Beacon Press	 July 1995	 12 months

BICC Cables	 October 1 995	 9 months

BOC Gasses	 March 1995	 12 months

Carson Office Furniture 	 March 1995	 15 months

Curtis Fine Papers	 July 1995	 9 months

Dunlop Ltd	 March 1995	 12 months

Epson Telford Ltd	 November 1995	 6 months

Gleaner Oil & Gas Ltd 	 June 1995	 13 months

Lindsey Oil Refinery Ltd	 March 1995	 12 months

NDM Manufacturing	 November 1995	 9 months

P P Payne	 March 1995	 15 months

Philips Components	 August 1 995	 11 months

Ricoh Products Ltd	 July 1995	 14 months

Sheilds Special Metals 	 March 1995	 15 months

Thomas Swan & Co Ltd	 March 1995	 13 months

Wavin Buildings Products	 August 1995	 11 months
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Table 3. 10: Position of individuals participating in the experience survey

Company Name	 Position of Individual Responding

Akzo Nobel Chemicals	 Technical Manager

Alcan Smelting & Power UK	 Environmental Coordinator

Anaplast	 Technical Services Manager

Applied Chemicals 	 Environmental, Health & Safety Advisor

Arjo Wiggins Fine Paper	 Environment Advisor

Autosmart	 Quality & Environmental Manager

Beacon Press	 Managing Director

BICC Cables	 Quality and Environmental Manager

BOC Gasses	 Environment Manager

Carson Office Furniture	 Quality & Environmental Manager

Curtis Fine Papers 	 Technical Manager

Dunlop Ltd	 Quality Manager

Epson Telford Ltd	 Senior Quality Engineer

Gleaner Oil & Gas Ltd 	 Quality Assurance Coordinator

Lindsey Oil Refinery Ltd	 Head of Safety, Environmental & Quality Systems

NDM Manufacturing	 Health & Safety Officer

P P Payne	 Environmental Manager

Philips Components	 Safety and Environmental Manager

Ricoh Products Ltd 	 Quality Assurance Manager

Sheilds Special Metals	 Director for the Environment

Thomas Swan & Co Ltd	 Chief Chemist

Waviri Buildings Products	 Safety & Environment Manager
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The number of employees at the certified sites ranged from 55 (Auto-smart Ltd) to

1,700 (Epson Telford Ltd). Over half (55%) had less than 250 employees and were

therefore classed as small and medium sized enterprises (SME) (Table 3.11).

Table 3. 11: Size of companies participating in the survey

No of Employees	 No of Companies	 Percentage of
companies

<100	 3	 14%

	

100-250	 9	 41%

	

250-500	 7	 32%

>500	 3	 14%

Approximately a quarter of responding companies were prescribed as Part A, for

regulation under Integrated Pollution Control (IPC), and 32% as Part B, for regulation

under Local Authority Air Pollution Control (LAAPC). Almost half of the sample, 45%,

were not regulated under either regime (Table 3.12).

Table 3. 12: Classification of companies under Environmental Protection
(Prescribed Processes and Substances) Regulations 1991

Classification	 No of Companies	 Percentage of
companies

Part A	 5	 23%

Part B	 7	 32%

Non-Prescribed	 10	 45%

Phase 3: Case-Study Research

The experience survey was supported by five detailed case-studies (Table 3.1 3). As

with the survey these were chosen using judgement, rather than a random sampling

technique. Three were identified as a result of the experience survey, BICC Cables,

Autosmart and Thomas Swan & Co Ltd. Contract Chemicals and J & J Makin were

recommended through personal contacts from industry and consultancy.
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Table 3. 13: Companies participating in depth interviews forming the basis for
case-studies

Company Name	 Industrial Activity

Autosmart	 Manufacture of water-based cleaning fluids

Bl CC Cables	 Telecommunication Cable Manufacture

Contract Chemicals	 Speciality Chemical Manufacture

J & J Makin Converting 	 Paper Converting

Thomas Swan & Co Ltd	 Speciality Chemical Manufacture

On average, depth interviews lasted for several hours and were supported by guided

site tours. The case-studies were critical in improving understanding of the

requirements of the standards and their business implications (Table 3.14). A semi-

structured, flexible approach was adopted to the interviews using a simple agenda as

the focus (Table 3.15).

Table 3. 14: Objectives of the case-study phase of the research

To improve understanding of:

• industry's motivation for adopting an EMS standard

• the requirements of the EMS standards

• the approaches to EMS implementation being adopted within the UK

• implications for working practices and company culture

• the benefits of adopting a recognised EMS

• the resource requirements of achieving a recognised EMS

Phase 4: Applied Research

The fourth phase, the applied research, built on the Masters research conducted at

Solvay Interox Ltd. In September 1994 a Teaching Company Scheme (TCS)

programme was established with Salford University's Environmental Resources Unit.

TCS is a government initiative designed to strengthen the links between academia and

industry. Recent graduates are employed as TCS Associates to tackle strategic

industrial problems. The aim of the programme at Solvay Interox Ltd was to develop
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an EMS, meeting the requirements of BS 7750, which would be complementary to the

Company's existing business management systems.

Table 3. 15: Question areas for the depth interviews

Item I Area of investigation

1	 Job Title & Role

2	 Company Motivation for Adopting an EMS

3	 Responsibilities for EMS Implementation

4	 Time Taken to Achieve Certification

5	 Stages in the Implementation Process Stages

6	 Focus of the Environmental Policy

7
	

Effects Assessment Methodology & Findings

8
	

Nature of Objectives & Targets

9
	

Documentation Requirements

10
	

Auditing Procedures, Schedules & Auditor Qualifications

11
	

Nature & Quantity of Employee Training

12 Supplier Assessment Approaches

13
	

Integration with Other Disciplines

14
	

Business Benefits of the EMS

15
	

Impact of the EMS on Environmental Performance

16
	

Internal & External Costs of Meeting BS 7750

17
	

Resources Required to Maintain the System

18
	

Certification Experiences

19
	

Post Certification Plans

The research project ran from September 1994 to December 1996, during which time

the author was located full-time at Solvay Interox as the project manager. This high

level of involvement allowed a detailed investigation into the ease of implementation of

the standards. The key issues to be addressed, the problems encountered and their

solutions were continuously monitored. During this time data obtained during other

phases of the research were utilised in the design and implementation of the system.
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In particular the detailed case studies provided invaluable experience of the practical

requirements of the standards.

The author's experiences over the project at Solvay Interox also contributed towards

the pure research goal of assessing the implications of the EMS standards for industry.

Throughout the project observations, interviews and document reviews were used to

obtain information relating to the extent to which adopting a recognised EMS standard

affected the company. Changes in management practices required to meet the

standards, the benefits and resource requirements were continuously monitored.

3.9. ANALYSIS OF THE DATA

Qualitative research involves the analysis of large amounts of unstructured or semi-

structured data. This requires formal data analysis techniques for which there are

different approaches. The first is to develop an analysis chart for each question

resulting in a structured database of company's responses. This technique is ideal for

structured interviews or surveys and was therefore applied to the analysis of the

experience surveys. The application of simple statistical approaches allowed trends in

responses to be determined.

Less structured qualitative data can be analysed through transcript based analysis

using a flexible framework. Information obtained from a variety of sources is dissected

and re-ordered under broad subject headings to fit the researcher's developing ideas.

The main benefit of this approach is the researcher's freedom in structuring and

shaping the format of the thesis. This approach was adopted to the analysis of data

relating to changes in management practices, business benefits and resource

implications of adopting a formally recognised EMS (Chapters 7, 8, and 9).

Information obtained from all four phases of the research was dissected and re-

ordered under subject headings. These chapters therefore draw on data obtained

from desk based research, experience surveys, case-studies and the applied research

at Solvay Interox Ltd. Collated data relating to a particular subject, regardless of its

source, allowed a full picture to be developed.
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3.10. A CRITICAL REVIEW OF THE RESEARCH METHOD

Qualitative research, which is based on interpretivism, is frequently criticised for its

lack of objectivity and statistical validity. Most researchers believe it is impossible to

achieve objectivity within qualitative research (Dermody, 1994). In comparison to

quantitative research, which is based on positivism, its emphasis is not on reliability,

validity or representativeness. It should therefore not be appraised in terms of the

attributes and goals of quantitative research. The two methods are based on

fundamentally different philosophies and have different aims and objectives.

Qualitative research does not intend to provide statistical findings which will hold true

for situations outside the research study but is based on improving insight and

contributing to knowledge through theory development. It is intentionally flexible in

allowing the focus and aim of the research to be re-defined as understanding

improves. Its major strength is its suitability to situations which are not sufficiently

understood to allow the testing of pre-developed theories or hypotheses.

A commonly cited weakness of qualitative research is the difficulty of generalising the

results to a broader sample (Welford, 1998). The reliability of case study research is

limited largely because of the small sample size. It is only possible to gerieralise from

a single or small numbers of case-studies where a fundamental understanding of the

situation has been achieved. In such cases the process of generalisation requires

extreme care and is only possible in a limited number of situations. Findings can only

be generalised to particular situations rather than to populations or samples. This is

certainly true for the case study and applied phases of this research which are based

purely on interpretivism and qualitative research methods. The findings relate solely to

the individual companies studied and will not necessarily apply to a broader sample

(Chapter 1 1). As the experience survey is based less on qualitative interpretivism and

more on objective quantitative methods it is therefore perhaps easier to generalise

from the results. This is only possible with an understanding of the sample size,

nature of participating companies and the timing of the study. There is little doubt that

industry's experience with EMS implementation will vary according to a number of

internal and external factors (Chapter 10).

Although the findings of case studies are difficult to generalise to other situations they

achieve a high level of external validity. This is largely because the research is carried
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out within the appropriate context, in this case within the industrial environment, with

the substantial involvement of the researcher. Gummerson (1991) describes validity

as a continuous process, integrated with theory, that requires the researcher to

continuously assess assumptions, revise results, retest theories and reappraise the

limitations of the research method.

3.11. SUMMARY

The research methodology followed a typical approach of initial observation, problem

definition, literature review, theoretical framework, hypothesis development and the

collection and analysis of data (Sekaran, 1992). The nature of the study is both

applied and pure. The applied element is concerned with how a recognised EMS,

compatible with existing business management systems, can be designed and

implemented at a large chemical manufacturing company. The pure element focuses

on identifying and analysing the implications for industry of adopting such a system.

The rapidly evolving nature of the subject coupled with the scarcity of previous

research necessitated a flexible exploratory approach. The lack of established theory

relating to the subject called for an inductive study aiming at achieving greater insight

and understanding. This would allow for the generation of ideas and theory which

could be tested through future quantitative and deductive research. Data were

collected through the typical qualitative methods of experience surveys and case

studies. A survey of the experiences and perceptions of twenty-two companies

certified to an EMS standard during 1995 was supported by five detailed case-studies.

Further evidence is provided through an analysis of the author's experiences during

three years spent designing arid implementing an EMS, compatible with other

business management systems, at Solvay Interox Ltd.

The theoretical framework is an essential element of the research as it identifies the

variables requiring consideration during the data collection and analysis. In reviewing

the implications for industry of the EMS standards it is necessary to identify the

required resources plus the impacts on management practices and business

performance. This includes changes in operational efficiency, competitive advantage,

legislative compliance, public image, supplier performance, insurance premiums and
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access to investment. An analysis of the resource requirements calls for consideration

of implementation and operation costs, capital expenditure, consultancy fees and

certification charges. In determining the variability between organisatioris it is

necessary to analyse the impacts of company size, industrial sector, markets, degree

of regulation and location. Moderating variables requiring attention include the starting

position; implementation approach; company culture; management commitment;

choice of champion and the degree of integration with other management systems.
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CHAPTER 4

4.0. THE REQUIREMENTS OF THE EMS STANDARDS

4.1. INTRODUCTION

The EMS standards set out the requirements for a management system designed to

ensure continual environmental improvement and compliance with legislation and in-

house policies and standards. A detailed examination of their requirements is an

essential first stage for those considering implementation. This chapter reviews the

requirements of BS 7750, ISO 14001 and the EC Eco-Management and Audit Scheme

(EMAS) to identify their similarities and differences. The guidance contained within

their appendices and in supporting standards, such as ISO 14004 and ISO 14011/1, is

also examined. Literature on EMS implementation published by professional bodies

and trade associations is reviewed. The requirements of the certification bodies are

identified through guidelines published by the NACCB and European Accreditation of

Certification (EAC).

4.2. THE REQUIREMENTS OF BS 7750 & ISO 14001

BS 7750 and ISO 14001 are split into two complementary parts. The specification

section details the requirements of the EMS and the annexes contain guidance on their

implementation. The EMS requirements of BS 7750 are detailed in 11 clauses, split

into 23 sub-clauses (Table 4.1). Many of the same requirements are contained within

the 6 clauses of ISO 14001 although their order differs (Table 4.2).

The majority of the differences between BS 7750 and ISO 14001 are in emphasis

rather than content. In 1996 the NACCB's replacement, the United Kingdom

Accreditation Service (UKAS), published 18 points to be addressed before BS 7750

certificates could be transferred to ISO 14001 (Table 4.3). These are discussed during

the following descriptions of the requirements of the standards.
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Table 4. 1 :The clauses of BS 7750:1994 (British Standards Institution, 1994a)

1	 Scope
2	 Informative references
3	 Definitions
4	 Environmental management system requirements

4.1	 Environmental management system
4.2	 Environmental policy
4.3	 Organisation and personnel

4.3.1 Responsibility, authority and resources
4.3.2 Verification resources and personnel
4.3.3 Management representative
4.3.4 Personnel, communication and training
4.3.5 Contractors

4.4	 Environmental Effects
4.4.1 Communications
4.4.2 Environmental effects evaluation & register
4.4.3 Register of legislative, regulatory and other policy

requirements.
4.5	 Environmental objectives & targets
4.6 Environmental management programme
4.7	 Environmental management manual and documentation

4.7.1 Manual
4.7.2 Documentation

4.8	 Control
4.9	 Environmental management records
4.10 Environmental management audits
4.11 Environmental management reviews

Annexes
A	 Guide to environmental management system requirements

Al	 Environmental management system
A2	 Environmental policy
A3	 Organisation and personnel
A4	 Environmental effects
A5	 Environmental objectives and targets
A6	 Environmental management programme
A7	 Environmental management manual and documentation
A8	 Operational control
A9	 Environmental management records
AlO Environmental management audits
Al 1 Environmental management reviews

B	 Links to BS 5750 Quality Systems
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Table 4. 2: The clauses of BS EN ISO 14001:1996 (British Standards Institution,
1996a)

Scope

2	 Normative references

3	 Definitions

4	 Environmental management system requirements

4.1	 General requirements

4.2	 Environmental policy

4.3	 Planning

4.3.1 Environmental aspects

4.3.2 Legal and other requirements

4.3.3 Objectives and targets

4.3.4 Environmental management programme (s)

4.4	 Implementation and operation

4.4.1 Structure and responsibility

4.4.2 Training, awareness and competence

4.4.3 Communication

4.4.4 Environmental management system documentation

4.4.5 Document control

4.4.6 Operational control

4.4.7 Emergency preparedness and response

4.5	 Checking and corrective action

4.5.1 Monitoring and measurement

4.5.2 Nonconformance and corrective and preventative action

4.5.3 Records

4.5.4 Environmental management system audit

4.6	 Management review

Annexes

A
	

Guidance on the use of the specification

B
	

Links between Iso 14001 and ISO 9001

C
	

Bibliography
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Table 4. 3: The UKAS 18 point list of the differences of ISO 14001 compared with
BS 7750 (UKAS, 1996)

1	 Commitment to "prevention of pollution" is included in the policy
2 Commitment to "comply with relevant environmental legislation and regulations,

and other requirements to which the organisation subscribes" is included in the
policy

3 The system is designed to take due regard of the requirements for preventative
action set out in the clause on "Non-conformance and corrective and
preventative action"

4 The system is designed to identify environmental aspects over which the
organisation can be expected to have an influence in order to determine those
aspects which have or can have significant impacts on the environment

5	 The management review is undertaken by top management
6	 The EMS audit programme must be based on environmental importance of the

activity concerned
7 Monitoring and measurement must also include recording of information to

track performance, relevant controls and conformance with the organisation's
objectives and targets

8 Monitoring and measurement must also include establishment and
maintenance of a documented procedure for periodically evaluating compliance
with relevant environmental legislation and regulation

9	 The system must provide that the organisation consider processes for external
communication on its significant environmental aspects and record its decision

10	 Training must include awareness of the environmental benefits of improved
personnel performance

11	 Training must include awareness of roles and responsibilities including
emergency preparedness and response requirements

12 Management representative(s) must have a defined role, responsibilities and
authority for reporting on performance of the environmental management
system to top management for review and as a basis for improvement of the
environmental management system

13	 Objectives and targets should be consistent with the environmental policy and
include the commitment to prevention of pollution

14	 Regard must be had to the concepts as defined of environmental aspects and
environmental impacts

15 The environmental policy must support the organisation's intentions and
principles in relation to its overall environmental performance which provides a
framework for action

16	 Continual improvement is not qualified by the EVABAT limitation in BS 7750
17	 The environmental performance to be achieved by the management system

must be defined in line with the clause on "environmental performance"
18	 Emergency preparedness and response procedures must include provision for

preventing and mitigating the environmental impacts of accidents and
_____ emergency situations, as well as identifying the potential for such situations.
Subject to the certification body confirming that the above points have been taken on
board in the EMS of the organisation subject to certification, accredited certification
bodies may issue certificates to ISO 14001 to organisations already certified to BS
7750.
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4.2.1 The Environmental Review (BS 7750 Annex A.1.2) (ISO 14001 A.3.1)

An environmental review is not strictly required by either BS 7750 or ISO 14001 but is

recommended for organisations without an existing EMS. It establishes the base-line

position with regard to environmental performance and forms the basis for future

improvements. Issues to be addressed include legislative compliance, environmental

effects, existing management practices and procedures, previous incidents and non-

com pliances with legislation (British Standards Institution, 1 994a) (Table 4.4). The

review is typically undertaken by a team collecting information through questionnaires,

checklists, interviews, direct inspection, document reviews and, in more detailed

cases, benchmarking (British Standards Institution, 1 996d).

Table 4. 4: Typical contents of an environmental review (from Barwise, 1996)

	

1.0	 RELEVANT LEGISLATION
1.1	 Environmental Protection Act 1990
1.2	 Control of Pollution Act 1974
1.3	 Clean Air Act 1993
1.4	 Water Resources Act 1991
1.5	 Water Industry Act 1991
1.6	 Town & Country Planning Act 1990

	

2.0	 ENVIRONMENTAL EFFECTS
2.1	 Raw Materials
2.2	 Products
2.3	 Processes
2.4	 Waste
2.5	 Mass Balance
2.6	 Water Consumption
2.7	 Energy Usage
2.8	 Hazardous Materials
2.9	 The Site
2.10 Local Environment
2.11 Waste Management

	

3.0	 MANAGEMENT
3.1	 Policy
3.2	 Management Structure
3.3	 Management System

	

4.0	 ABNORMAL OPERATIONS & INCIDENT PROCEDURES

	

5.0	 CONCLUSIONS & ACTION PLAN
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4.2.2 Environmental Management System (BS 7750, 4.1) (ISO 14001, 4.1)

The first specific requirement of BS 7750 and ISO 14001 is the general need for a

documented EMS. This involves the preparation and effective implementation of

procedures and instructions. BS 7750 contains more detail specifying that the system

must be designed to ensure compliance with legislation and pertinent guides to which

the organisation subscribes, such as policies and codes of practice. The guidelines

published by the European Accreditation for Certification specify that the system needs

to have been operational for a minimum of three months before certification can be

awarded (European Accreditation of Certification, 1996).

4.2.3 Environmental Policy (BS 7750 9 4.2) (ISO 14001, 4.2)

Top management is required to establish an environmental policy stating the

organisation's environmental intentions and principles of action. It establishes an

overall sense of direction and must be written within the context of any broader

corporate body's policy and with their endorsement. Both standards require the policy

to clearly define the activities to be covered by the EMS.

The policy is a central document from which all other EMS elements flow. In particular

it must provide for the setting and publication of environmental objectives (Gibbon, et

al., 1994) (Chapter 4.2.7). It needs to be relevant to the company's activities and

address the main environmental impacts. The issues outlined will depend on the type

of organisation, the nature of its activities and the focus of the EMS. They are typically

broad in nature and address issues such as legislative compliance, waste

minimisation, energy efficiency, communications and staff training (Table 4.5). ISO

14004, the guidance standard to ISO 14001, recommends guiding principles published

by government, industry associations and citizens groups be considered in policy

development. These include the Rio Declaration and the International Chamber of

Commerce Charter for Sustainable Development (Chapter 1). Regardless of the size,

nature and complexity of an organisation, the policy should be based on the principle

that all activities impact on the environment and the company is obliged to minimise

these (Jones, 1997).
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Both standards require the inclusion of a commitment to continual improvement. BS

7750 defines this as year-on-year enhancement of overall environmental performance

but not necessarily in all areas of activity (British Standards Institution, 1994a).

Improvements may be achieved by developments in products, services, processes

and facilities. They may involve enhanced product quality, improvements in

operational efficiency or the adoption of economically viable application of best

available technology (EVABAT) (British Standards Institution, 1994a). EVABAT refers

to technology which is both readily available and economically viable for the areas

targeted for improvement.

Table 4. 5: Example environmental policy contents as contained in 7750: 1994
(British Standards institution, 1994a)

1. Reduce waste and the consumption of resources (materials, fuel and energy)

2. Reduce or eliminate the production of polluting releases to the environment

3. Design products in such a way as to minimise their environmental effects in
production s use and disposal

4. Control the environmental effects of raw material souring (eg on habitats, on
species diversity and on natural beauty)

5. Minimise the adverse environmental effects of new developments through
strategic planning

6. Work towards the achievement of sustainable development

ISO 14001 defines continual improvement as the process of enhancing the EMS to

achieve improvement in overall environmental performance (British Standards

Institution, 1996a). Unlike BS 7750 this implies that improvements to the management

system, and not necessarily resulting environmental performance, are sufficient. The

definition is not qualified with the EVABAT limitation as in BS 7750, although the

guidance suggest its considered when establishing objectives and targets (British

Standards Institution, 1996a).

Three of the 18 UKAS points of difference between BS 7750 and ISO 14001 relate to

the policy (Table 4.3). Firstly, ISO 14001 requires a commitment to the prevention of

pollution, which is not included in BS 7750. Its definition is broad ranging including the
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use of processes, practices, materials and products that avoid, reduce or control

pollution (British Standards Institution, 1996a). These may include recycling,

treatment, process changes, control mechanisms, efficient use of resources and

material substitution. The benefits of prevention of pollution include the reduction of

adverse environmental impacts, improved efficiency and reduced costs.

ISO 14001 also requires the inclusion of a commitment to comply with relevant

environmental legislation and regulations, and with other requirements to which the

organisation subscribes (British Standards Institution, 1996a). In BS 7750 this is not a

specific requirement of the policy statement but the overall system must be designed

to ensure legal compliance (Section 4.2.2).

BS 7750 defines the policy as a statement of intentions and principles of action of the

organisation regarding its environmental effects. The ISO 14001 definition is more

detailed, requiring the policy to support the organisation's overall environmental

performance aims and provide a framework for action (British Standards Institution,

1 996a).

Both standards require the policy to be communicated, implemented and understood

at all organisational levels. External assessors require evidence that the contents

have been explained to all employees. It must also be made available, in a readily

understood format to interested parties, for example, through annual reports, booklets

or displays. It is also important that the policy is periodically reviewed and revised to

reflect changing conditions and information.

4.2.4 Organisation and Personnel (BS 7750, 4.3) (ISO 14001, 4.4.1 and 4.4.2)

The standards require the responsibilities, authorities and interrelationships of key

personnel to be clearly defined and documented. These include those for assigning

sufficient resources, initiating action to ensure compliance with the policy, recording

problems and providing solutions, and acting in emergencies (British Standards

Institution, 1 994a). These should be spread across the organisation and not limited to

the environment function (Table 4.6). Iso 14004 states that managers should be

responsible for EMS implementation and employees accountable for environmental
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performance within the scope of their individual roles (British Standards Institution,

1 996d).

Table 4. 6: Example allocation of environmental responsibilities (from BS 7750:
1994) (British Standards Institution, 1994a).

Senior management	 • Assume responsibility for developing, resourcing,
reviewing and complying with the environmental

__________________________	 policy.

Management representative • Ensure compliance with the standard.

Ensure that developments in environmental issues
are monitored and evaluated.

Finance • Develop and maintain accounting procedures which
enable identification of costs and benefits relating
to environmental management.

Personnel • Develop and maintain appropriate effective two-way
communication and training programmes on
environmental management.

Other managers	 • Develop and implement the EMS as it pertains to
their areas of responsibility.

Both standards require management to provide sufficient resources essential for the

effective implementation and control of the EMS. These include human resources,

specialised skills, technology and financial resources. Human resource requirements

may include the services of inspectors, analysts, engineering, pollution monitors,

auditors and scientists for investigating laboratory and plant work (Jones, 1997).

Material resources required for performance verification will depend on the size and

nature of the business. For a typical manufacturing company they may include office

accommodation, equipment, materials, inspection and test facilities, storage areas and

training and conference facilities. ISO 14004 suggests an organisation begins by

assigning resources where there is an obvious benefit, such as limiting liabilities and

reducing unnecessary costs. As more knowledge is gained and resources become

available the focus can move towards longer-term improvements (British Standards

Institution, 1 996d).

A management representative must be appointed with defined authority and

responsibility for ensuring the requirements of the standard are implemented and

maintained. Their role is one of coordinating activities across the site, not for

developing and implementing all EMS activities, which should be the responsibility of
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line management in their particular areas. ISO 14001, unlike BS 7750, specifies that

the management representative is appointed by top management and must report to

the executive as a basis for improvement of the EMS. This does not necessarily mean

they report to the Board of Directors in person, but that reports are submitted and

considered at the highest level (Excel Partnership, 1 996a).

Both standards require employees to be aware of the environmental impacts of their

work activities, and the benefits of improved performance. Documented procedures

must cover an analysis of training needs and arrangements for providing training and

keeping records. The first stage in determining a training strategy is to identify the

training needs of the workforce by assessing existing knowledge and establishing

areas for further development. It is not necessary to train all staff in every aspect of

the EMS. Management need to determine the level of competence, experience,

formal qualifications and training necessary to ensure the capability of personnel

carrying out specialised environmental functions. Training required will depend on the

type of organisation, individual responsibilities and the level of competence needed

(Barwise, 1996). Employees whose work involves minimal environmental impacts

need only basic awareness training including an understanding of the policy and

management system. Employees whose activities have a significant environmental

impact need to be sufficiently trained to perform tasks in an environmentally

responsible manner. Typical issues to be incorporated into a training programme

include legislation, awareness of global and local issues and company specific issues.

Options for delivering training include induction programmes; on-the-job training; in-

house training; workshops and discussion groups; lectures and seminars;

demonstrations and case studies; academic external training courses and membership

of professional institutions (Barwise, 1996) (Chapter 7).

BS 7750 contains a specific clause for ensuring contractors on site are aware of the

relevant requirements of the EMS (British Standards Institution, 1 994a). There is no

comparable clause in ISO 14001 but its requirements are covered later under

operational control (British Standards Institution, 1996a) (Section 4.2.10).
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4.2.5 Environmental Effects (BS 7750, 4.4) (ISO 14001, 4.3.1 and 4.3.2)

Both standards require procedures for receiving, documenting and responding to

internal and external environmental communications. These include enquiries from

interested parties, such as customers and the general public, and complaints from

local residents. ISO 14001 also requires organisations to consider processes for

external environmental communication and record their decision. This may be a

commitment to communicate through environmental reports, newsletters, community

liaison groups or journals.

BS 7750 requires the identification and evaluation of environmental effects and a

register of those considered to be significant. This is frequently considered to be the

most challenging requirement of the standard (Sheldon, 1996) (Smith, M., 1995)

(Smith, D., 1995) (Hillary, 1994) (Powley, 1994) (Rowan, 1994) (Tothill, 1993).

Environmental effects are defined as any adverse or beneficial impingement of

activities, products and services upon the environment. They include emissions to air,

releases to water, solid waste, resource consumption, nuisance and impacts on eco-

systems (Table 4.7). Effects arising, or likely to arise from normal activities; abnormal

activities, such as start-up and shut-down; and emergency situations, such as fire,

spills, traffic accidents, explosions and vandalism need to be considered.

Table 4. 7: Issues to be considered during the identification of environmental
effects for BS 7750 (British Standards Institution, 1994a)

1. Controlled and uncontrolled emissions to atmosphere

2. Controlled and uncontrolled discharges to water

3. Solid and other wastes

4. Contamination of land

5. Use of land, water, fuels and energy, and other natural resources

6. Noise, odour, dust, vibration, and visual impact

7. Effects on specific parts of the environment including ecosystems

Both adverse and beneficial, direct and indirect effects must be included (British

Standards Institution, 1 994a). Direct effects are those directly controllable by the

organisation, such as atmospheric emissions or liquid effluent from a manufacturing

process. Indirect effects are those resulting from associated activities, such as raw

98



materials supplied by another organisation, activities of businesses in which the

organisation's reserves are invested or impacts associated with the use and disposal

of products (Table 4.8).

Table 4. 8: Environmental effects matrix (from Powley, 1994)

Pollution	 Resource Consumption

Direct	 Air Pollution	 Energy

Land Contamination	 Water

Water Pollution	 Materials

Nuisance	 Fuels

Indirect	 Polluting effects of suppliers and Resource usage by suppliers and
customers	 customers

All phases in the manufacturing process must be considered from product conception,

research and development, raw material sourcing, production, waste management,

packaging, storage, distribution, sales and use, to ultimate disposal. Service

organisations are required to address all stages, practices and procedures of service

development and provision. Effects from support activities, such as planning, finance,

personnel, administration and marketing must also be included. In addition the

environmental performance of suppliers is to be considered and where possible

alternative suppliers compared.

The scope of the effects identification includes known or suspected consequences of

past activities, transferred activities and future activities. Those arising from past

activities may include contaminated land or liability for former products. Future

consequences may include the responsibility for continued monitoring and

management of a landfill site or the decommissioning of a nuclear power station.

ISO 14001 refers to environmental aspects and impacts rather than environmental

effects but has the same essential requirements. Procedures are required to identify

the environmental aspects over which the organisation can control or be expected to

influence, to determine those which have significant impact on the environment.

Aspects are defined as the elements of an organisation's activities, products or

services that interact with the environment and impacts as the resulting adverse or

beneficial environmental changes (Table 4.9). This terminology helps to clarify the
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difference between activity, aspect and impact, all of which were confusingly referred

to as environmental effects under BS 7750.

Table 4. 9: Examples of environmental aspects and impacts

Environmental Aspects

Air

002 , CH4, N20, fossil fuels

CFCs, halons, other chlorinated compounds

SO2 , NO,,

Volatile organic compounds (VOCs)

Water

Organics

Phosphorus and nitrogen compounds

Chemicals affecting potable water supply

Loss of Habitat

Land

Landfilled waste

Incinerated waste

Hazardous substances

Resources

Minerals / raw materials

Energy

Water

Other

Visual

Dust

Odour

Noise / vibration

Environmental Impacts

Global warming

Ozone depletion

Acid emissions

Low level ozone formation

Oxygen demand

Eutrophication

Water taste

Ecosystem disturbance

Methane gas, loss of habitats

Air emissions

Ground contamination

Depletion of natural resources

Air emissions, resource depletion

Depletion of natural resources

Nuisance to local residents

Nuisance to local residents

Nuisance to local residents

Nuisance to local residents

It is not uncommon for an activity to be associated with more than one environmental

aspect. The use of solvent based paint results both in the release of volatile organic

compounds (VOCs) and the release of particulates (Figure 4.1). Likewise each aspect

may be associated with multiple environmental impacts. This is true for the release of
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VOCs which contribute both to photochemical smog formation and the depletion of the

ozone layer.

Figure 4. 1: Examples of environmental aspects and impacts of solvent
lacquering (Institute of Environmental Management, 1996c)

Release of	

VENTLAcQUERINGOdo::

Potential spills to

[fiiiç	

ercourse

Formation of	 Depletion of ozone

photochemical smog	 layer	
Contribution to
global warming/P

Human Health	 Plant Health

ISO 14001 does not specifically require a register of environmental aspects and

impacts but that information relating to them is kept up to date. It is hard to imagine

how an organisation could demonstrate compliance with this requirement without

keeping some form of documented register.

The assessment of environmental effects, or aspects, raises two key issues. The first

relates to the scope of the assessment and the second to the definition of significance.

The assessment's all encompassing remit means theoretically an organisation's

impacts are almost infinite. In practice the scope of the assessment needs to be

clearly defined. Both standards recommend that the boundary should be those over

which the organisation can control or reasonably be expected to influence. This is

open to interpretation and neither standard tackles the issue of defining influence. This

gives those implementing them a degree of flexibility in defining the boundaries of their

system. The Institute of Environmental Management (1996c) suggests this will
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depend on the overall aim of the system. Where legislative compliance is the objective

the ability to control is an important factor and the EMS needs to focus on direct

impacts. In this case the scope is likely to be limited to those over which the

organisation has control. Where a more strategic role is envisaged the assessment's

scope will be broader, encompassing both direct and indirect aspects (Figure 4.2).

With time, after liabilities have been minimised and unnecessary costs eliminated, the

register can become a strategic tool in environmental management. The emphasis

should progressively move towards preventing environmental harm, converting to

intrinsically environmentally friendly products and processes and the use of renewable

resources (Parkman, 1995) (Figure 4.3) (Chapters 7 and 11).

Figure 4. 2: Managing the interface between control and influence (from Institute
of Environmental Management, 1996c)
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In defining the scope of the assessment consideration should be given to the degree of

influence possible. This may include exerting pressure on customers or suppliers,

investing in research and development, providing information, financial pressure or

publicity (Institute of Environmental Management, 1996c). The degree of effort

involved and the likely effectiveness need to be balanced. Those effects which are

extremely difficult or impossible to influence can be excluded. It is important to note,

102



Will tend to focus on releases,
identifying issues of direct
importance and requiring

immediate attention. Ability to
control is an important factor

Will include a broad range of
Issues, identifying issues of

actual and potential, direct and
indirect significance

however, that whilst an aspect can not currently be controlled or influenced this may

change and the scope of effects assessment needs to be constantly reviewed in light

of changing circumstances. Although organisations have some degree of flexibility in

determining the scope of the assessment it needs to stand up to external scrutiny

during certification. The register should be regarded as a store of information for

future objectives and targets and therefore should include as many aspects as

possible (Powley, 1994).

Figure 4. 3: The role of the effects assessment (Parkman Environment, 1995)

Scope of the effects register
will depend on company
culture and aspirations

Compliance	 Strategic

Environmental management as
	

Environmental management
a basis for systematic
	

having an integrated strategic
approach to compliance
	 role within organisational

management

Following the identification of environmental effects their significance needs to be

assessed. The definition of environmental significance has been widely debated (see

Goodchild, 1994). In determining significance consideratron needs to be given to

legislation and applicable codes of practice to which the organisation subscribes.

These may commit the organisation to achieving numerical pollution targets, waste

reduction or the installation and use of certain technology. It is at the organisation's

discretion whether to accept the evaluation implied by legislation or to undertake a

more detailed assessment. A more comprehensive approach would also incorporate

the views of interested parties, and the frequency and nature of environmental

complaints (British Standards Institution, 1994a). ISO 14004 suggests significance
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depends on both environmental and business concerns (Table 4.10). Its suggestion

that the cost and difficulty of changing the impact should influence the significance is

misleading. These issues will determine the action taken to reduce an impact but they

do not make it any less significant. It is the author's view that these issues should be

taken into account during the determination of objectives and targets rather than in

assessing significance.

Table 4. 10: Guidance on assessing environmental aspects and impacts as
contained in ISO 14004: 1996 (British Standards Institution, 1996d).

Environmental concerns:

- the scale of the impact

- the severity of the impact

- probability of occurrence

- duration of impact

Business concerns:

- potential regulatory and legal exposure

- difficulty of changing the impact

- cost of changing the impact

- effect of change on other activities and processes

concerns of interested parties

- effect on public image of the organisation

A wide range of different techniques are available for comparing the significance of

effects. The depth of the investigation depends on the resources and knowledge

available in the organisation (Excel Partnership, 1 996a). At the simplest level a set of

criteria can be used to determine significance which may be assigned a numerical

score (Table 4.11).
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Table 4 11: Environmental effects assessment significance scale (from Hiliary,
1994)

Scale Description	 Criteria

1	 Negligible	 Very small effect

Low probability of occurrence

2	 Minor	 Abnormal conditions would cause a breach of statutory
regulations

Effect and probability of occurrence are both small

3 Significant The activity has an effect under normal operating conditions
and causes a breach of statutory regulations under abnormal
conditions.

Effect and probability of occurrence are moderate.

4	 Major	 The activity under abnormal conditions is a major breach of
statutory regulations.

Effect, as a result of quantity and type of material, is
extensive.

The use of risk assessment to evaluate significance is frequently recommended

(Jones, 1 997) (Barwise, 1996) (Institute of Environmental Management, 1 996c)

(Chemical Industries Association, 1995) (Fawcett, et al., 1995) (Smith, M. 1995)

(British Standards institution, 1994a) (Intelex Press, 1994a). Traditionally this involves

multiplying the probability, or likelihood, of an event occurring by its environmental

consequence (Figure 4.4). Those with a high probability and a high consequence are

considered to be significant.

An expansion of this technique is known as failure mode and effect analysis (FMEA).

This involves rating an effect or aspect according to its likelihood, severity and the

existing level of control (Jones, 1997) (Institute of Environmental Management, 1996c).

The sum, or product, of the three scores gives a risk priority number (RPN) which

determines the significance (Table 4.12). The greater the degree of management

control the lower the overall rating. As improvements are introduced and control

increases ratings will decrease and the effect becomes less significant.
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Figure 4. 4: Environmental effects assessment using risk assessment (from
Chemical Industries Association, 1995)

Consequence

Probability

Table 4. 12: Typical environmental effects assessment using FMEA (from Jones,
1997)

Description of Effect	 Severity Occurrence Detection	 PRN	 Significance

Sulphur dioxide	 4	 9	 2	 72	 Low

Nitrogen oxides	 5	 8	 10	 400	 Very High

Carbon dioxide	 6	 10	 2	 120	 Moderate

Carbon monoxide	 2	 10	 2	 40	 Trivial

Volatile organics (VOCs)	 2	 10	 10	 200	 High

Steam	 2	 8	 2	 32	 Trivial

Dust	 4	 8	 3	 96	 Low

Compressed air	 2	 -	 4	 10	 80	 - Low
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The significance of environmental effects or aspects will vary between organisations

according to their location, stakeholder pressures and environmental aspirations

(Institute of Environmental Management, 1996c). Where the EMS is designed to

achieve legal compliance the focus will be those impacts which could lead to

prosecution. If the EMS aims to guide the direction of business development a

broader set of effects will be considered significant.

BS 7750 acknowledges the subjectivity of the assessment and emphasises its aim of

providing a consistent approach (Peckham, 1995). It is the role of the external

assessor to make a judgment on whether the methodology employed has been

successful in identifying the issues of importance. Both standards specify that

organisations do not have to evaluate the environmental impacts of each product,

component or raw material. A full-life cycle analysis is not required, unless specified

by an in-house policy or standard.

Where an environmental aspect or effect is identified as significant, it needs to be

managed within the system (European Accreditation of Certification, 1996).

Depending on the situation this may involve further investigation, programmes for

planned improvement or controls to maintain performance (Section 4.2.7).

4.26 Legal and Other Requirements (BS 7750, 4.4.2) (ISO 14001, 4.3.2)

BS 7750 requires a procedure to record all legislative, regulatory and other policy

requirements and codes of practice to which the organisation subscribes. These may

include planning conditions, discharge consents, process authorisations, non-

regulatory guidelines and policy commitments. The register aims to demonstrate the

organisation is aware of its legal obligations and is taking the necessary measures to

comply (Barwise, 1996) (British Standards institution, 1994a). It acts as a reference

document for those responsible for establishing procedures to control the operations of

the organisation.

ISO 14001 does not specifically require a register of regulations but procedures to

ensure access to and awareness of relevant legislative, regulatory and policy
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requirements. In practice a simple register is often the most effective way to

demonstrate compliance with this requirement to external auditors.

The process of compiling a register of regulations is closely linked to the environmental

effects assessment. A logical approach is to assess processes and activities with a

view to identifying both significant environmental effects and relevant regulatory

requirements (Barwise, 1996). Information contained in codes of practice and

regulations provides useful guidance in assessing environmental effects. The scope of

the register should be environmental legislation, regulations, policies and sector codes

of practice relevant to the environmental effects. It is important to demonstrate the

register is relevant to the organisation and the compiler familiar with its processes,

activities and products. Sources of information for compiling the register are varied

and include national, European and international documents (Table 4.13).

Table 4. 13: Typical sources of in formation for the register of regulations
(Barwise, 1996).

a) European Union Documents

b) International Conventions

c) Government Consultation Papers

d) Government Circulars

e) Government Guidance Papers

f) Government Approved Codes of Practice

g) Secretary of State Guidance Notes

h) Regulators' Guidance Notes

i) Industry Sector Codes of Practice

j) Company Codes of Practice

k) Trade Journals

The register should be a working document which is regularly reviewed to reflect

changes in the regulatory framework. A documented procedure detailing the

mechanism by which this occurs, including responsibilities, is required.
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4.2.7 Environmental Objectives & Targets (BS 7750, 4.5) (ISO 14001, 4.3.3)

Both BS 7750 and ISO 14001 require the establishment of environmental objectives

and targets. Objectives are broad goals to be achieved whilst targets quantify planned

improvements over specified timescales. These play a key role in directing the EMS

and ensuring continual environmental improvement. They must be consistent with the

environmental policy and wherever practicable quantify the commitment to continual

improvement. There can be several levels of objectives, from broad system objectives

to site specific ones for individual activities (British Standards Institution, 1 996d).

Compliance with legislative and regulatory requirements must be a key priority when

establishing objectives and targets. It is also necessary to consider the significant

environmental effects, financial, operational and business requirements of the

organisation, and the views of interested parties (British Standards Institution, 1994a).

Typically an organisation would include a mixture of legal obligations together with

other improvements essential in realising the organisation's environmental vision

(Table 4.14).

It is for the company to decide which of the significant environmental effects are to be

subject to improvement and the rate of progress required (European Accreditation of

Certification, 1996). They should aim to achieve continual improvement but do not

need to tackle all areas simultaneously. Both standards acknowledge that

improvement may be impracticable in some areas, at certain times. Significant effects

not subject to an objective must be managed elsewhere in the system, either through

operational control or monitoring.
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Table 4. 14: Examples of environmental objectives and targets (from Barwise,
1996)

Legislative Compliance

To comply with alt relevant UK environmental legislation within 12 months

Energy Consumption

To replace all lighting equipment and bulbs in offices and workshops with low energy,
long-life equipment and bulbs when they need replacing. This exercise should begin
immediately and it is anticipated that all equipment will have been replaced over a five
year period.

Raw Material Consumption

Reduce wastage of all raw materials used in each process on site by 20% per process
within 5 years.

Waste Minimisation

To reduce process waste by 10% over two years by retraining operational staff and
adopting a high level of maintenance of equipment.

Air Emissions

To reduce emissions of CO2 and NOx by 10% and 15% respectively over a five year
period for named processes.

Water Emissions

To fit an in-house water treatment plant, fed from all processes, by the year 2000.

Noise

To phase out all freight vehicle entries and exits from sites in residential areas between
the hours of 2300 and 0700 by the end of the year.

Transport

To give training to all haulage drivers within 12 months and to fit speed limiting
equipment and tachographs to all vehicles by the end of two years.

Hazardous Processes

To substitute specific solvents currently used in the production process within three
years.

Landscaping and Planning

To improve the landscape of the site area over a period of two years to support
ecological diversity and lessen the negative visual impact of our plant for neighbours.

110



BS 7750 specifies that areas subject to objectives and targets should be those where

improvement is most necessary to reduce risk and liabilities. Improvements should

aim to achieve, over time, performance equivalent to the application of EVABAT. ISO

14001 does not demand this but suggests that organisations consider the use of best

available technology where economically viable, cost effective and judged appropriate.

In the case of processes subject to control under the Environmental Protection Act

1990 their authorisations will establish many requirements. For other processes and

activities, account should be taken of technological developments. Cost-benefit

analysis can be used to assist in the identification of objectives and targets but there is

no obligation to use environmental cost accounting techniques (British Standards

Institution, 1 994a).

BS 7750 provides more guidance than ISO 14001 and acknowledges the rate at which

organisatlons aim to continually improve will depend on economic considerations

versus the degree of environmental impact and risk involved. An organisation may

wish to prioritise improvements which can be achieved at minimal cost and

implemented with relative ease. Objectives requiring large capital expenditure or

organisational change may not be practicable or feasible in the short-term but may be

considered viable in the long-term (Barwise, 1996).

Progress in achieving objectives and targets should be regularly reviewed. If changing

circumstances make their achievement unrealistic they must be modified or corrective

action implemented to ensure their achievement. If this occurs failure to achieve an

objective or target will not be considered a non-conformance with the standard.

4.2.8 Environmental Management Programme (BS 7750, 4.6) (ISO 14001, 4.3.4)

BS 7750 and ISO 14001 require a management programme for achieving the

objectives and targets. Consistency between the policy, objectives, targets and

programmes is essential in an EMS. ISO 14004 provides an example of how this

should be achieved through a staged approach (Figure 4.5).

ISO 14004 suggests the first stage in developing an environmental programme is to

establish an environmental strategic plan including schedules, resources and
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accountabilities. This provides the long term strategy, perhaps over the next 5 years,

for improving environmental performance. It is useful in mapping out the

organisation's interpretation and application of continual improvement and forms the

basis of future detailed programmes (British Standards Institution, 1 996d). Where

possible the organisation should ensure integration with other plans such as those for

quality, health and safety, information systems and overall business plans.

Individual programmes must contain responsibilities and the means and time-frame by

which objectives and targets are to be achieved (Table 4.15). Responsibilities should

be assigned at each relevant function and level of the organisation. BS 7750 also

specifies that progress in achieving objectives and targets, where possible, should be

taken into account during an individual's appraisal.

Figure 4. 5: Example of how to link environmental objectives, targets and plans
(from British Standards Institution, 1996d)

Policy

I
Objective

3
Target

3
Action Plan

I
Person Responsible

3
Resources

3
completion Date

To conserve natural resources

To minimise water use wherever
technologically and commercially viable

To reduce water consumption by 15%
of present levels within one year

Install equipment to recycle rinse water
for Process A for reuse in Process B
which requires water of a lesser quality

John Walters

Existing operations staff; new water
technology; £1 00K from capital budget

September 29, 2001
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1/10/94

31/01/95

30/04/95

31/07/95

30/09/95

3/1 0/95

Table 4. 15: An example environmental programme (Jones, 1997).

The objective

To reduce solvent emissions from the paint shop to an acceptable level

The targets

• commencement date for the project

• establishment of "acceptable levels"

• achievement of a 20% reduction in solvent emissions

• achievement of a 50% reduction in solvent emissions

• achievement of "acceptable levels"

• project review date

The project team

I N Lestrade (project manager)

J Oldacre

D P Trevelyan

The programme

1. Quantification of total solvent usage in the paint shop and a materials balance
calculated to establish the total volume of solvent released to atmosphere.

2. Identification of the various emission sources by direct measurement of
atmospheric solvent concentration at selected locations within the paint shop.

3. A thorough examination of plant to find ways of preventing the escape of solvent
vapour. Plant trials will be carried out for each modification.

4. Reviews of progress will be carried out monthly.

The budget

Budget allocation for this project is £1 Ok, to be drawn from Development Department
funds
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The standards require programmes to be amended, were necessary, to cover the

environmental impacts from new or modified developments, activities, products or

services. All stages of the life cycle should be addressed including the design, raw

material specification, production processes, use and ultimate disposal of new

products. For new processes or installations planning, design, construction, operation

and decommissioning may need to be incorporated.

4.2.9 Management Manual and Documentation (BS 7750, 4.7) (ISO 14001, 4.4.4)

BS 7750 requires a manual, in paper or electronic form, to describe the interactions of

the EMS elements. Its principal function is to act as a central reference point providing

direction to related documentation (Jones, 1997). It addresses each clause and sub-

clause of the standard describing how their requirements have been implemented.

Where a requirement is not relevant to a particular organisation, such as calibration of

equipment, this needs to be explained.

The manual provides the basis for auditing the system and will be referred to by both

internal auditors and external assessors during the certification process. It also

provides a useful introduction and summary of the system which can be beneficial for

training purposes.

The manual forms the top layer of the documentation hierarchy from which more

detailed procedures, records and registers originate (Figure 4.6). The second layer

consists of procedures describing general activities such as auditing and training

(Table 4.16). Work instructions or standard operating procedures, describing how to

undertake a particular task, form the third layer. These typically relate to operational

activities, such as environmental monitoring or operating abatement equipment, and

therefore usually apply to a particular area of the site. The fourth layer consists of

supporting documentation such as records and registers.

ISO 14001 does not specifically ask for a manual but requires the establishment and

maintenance of information to describe the core elements of the management system,

their interaction, and provide direction to related documentation (British Standards
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Institution, 1996a). The most common way of complying with this requirement is to

compile a brief manual equivalent to that required by BS 7750.

Figure 4. 6: Documentation levels in an EMS

Policy \ Level 1

& Manual \

Procedures	 \ Level 2

Work Instructions	 \ Level 3

Records & Registers	 \ Level 4

Table 4. 16: Typical EMS Procedures

Purpose of Procedure

Employee Training & Awareness

Contractor Environmental Awareness

Responding to Internal and External Environmental Communications

Identifying, Examining and Evaluating Environmental Effects

Recording Legislative, Regulatory and Policy Requirements

Specifying Environmental Objectives and Targets

Operational Control & Environmental Monitoring

Verification, Measurement and Testing

Non-compliance and Corrective Action

Environmental Management System Auditing
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Both standards require a system of document control to ensure current versions of

documents are available at all necessary locations and obsolete documents removed

(Table 4.17).

Table 4. 17: Elements of an effective document control system

• A distinction is made between "controlled" and "uncontrolled" documents

• Controlled documents are legible, dated and easily identifiable

• All controlled copies of system manuals carry a unique holder's number

• Each controlled document is assigned a unique reference number

• A register of manual holders is maintained by the document controller

• A list of all controlled documents and their location is maintained

• The originals of all controlled documents are kept by the document controller

• All controlled documents are authorised and carry a clear signature as proof

• Copies of controlled documents for distribution should be kept to a minimum

• Amendments to controlled documents must be made only after authorisation

• All amendments are recorded by the document controller on record sheets

• Controlled documents are maintained in an orderly manner and easily retrievable

• Responsibilities are defined for the regular review of documents

4.2.10 Operational Control (BS 7750, 4.8) (ISO 14001, 4.4.6, 4.4.7, 4.5.1, 4.5.2)

This clause of BS 7750 is divided into four sub-clauses. The first contains a general

requirement to define appropriate control, verification, measurement and testing

activities, to ensure these are adequately coordinated and effectively performed. The

second requires that all functions, activities and processes which have the potential to

significantly affect the environment are carried out under controlled conditions. This is

fundamental to the success of any management system and is concerned with the

management of risk and resources (Barwise, 1996).

Operational control requires the identification of critical parameters that govern the

process. It is based on the premise that if these can be kept firmly under control the

process will not run the risk of environmental incidents (Jones, 1997). It is achieved

through a series of checks, tests and measurements. These are specified in
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documented procedures and work instructions containing acceptable operating criteria.

They also need to define the actions to be taken during abnormal operations including

accident and emergency situations.

The third sub-clause requires procedures to verify compliance with the management

programme, targets, manual and work instructions and for maintaining records of the

results. This involves monitoring, measuring, testing and calibration and may require

the establishment of environmental performance indicators. It is likely to involve the

collection of data on emissions, energy and water consumption. The standards also

require measurement and test facilities to be adequately safeguarded from

unauthorised adjustments or damage. To effectively measure compliance with

objectives and targets it may be necessary to establish environmental performance

indicators.

Organisations have a degree of flexibility in determining the scope of operational

control activities. BS 7750 specifies that all activities, including procurement and

contracted activities, need to be controlled where they may result in an infringement of

the policy, objectives or targets. These are normally the activities which lead to, or

have the potential to lead to, significant environmental effects. They will include

activities subject to regulatory control or prioritised for improvement in the policy or

objectives (Jones, 1997). They may be direct activities, such as design, production

and distribution, or indirect activities, such as raw material sourcing, purchasing and

product use. Support activities, such as finance, personnel and administration, may

also need to be covered if they result in significant environmental effects.

The type of control and verification activities adopted should be appropriate to the

nature, complexity and environmental significance of the activity, function or service to

be controlled. Whilst simple procedures may be sufficient in an office based

department more complex monitoring and control would be needed in a manufacturing

corn pany.

The final requirement of operational control is for investigation of non-compliances and

implementation of corrective and preventative action. These include breaches of

legislation or the failure to follow procedures or meet objectives. They can be sudden
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and accidental, or long-term. Their cause must be identified and could be a failure in

equipment, human error or a deficiency in the management system. The corrective

and preventative action required depends on the severity of the non-conformance and

could require changes to documentation, working practices or new equipment. Any

resulting changes to procedures must be recorded and long-term projects should form

part of the management programme.

In addition to the requirements of BS 7750, ISO 14001 requires a procedure for

periodically evaluating compliance with relevant environmental legislation and

regulations. In practice, however, this does not necessarily require the documentation

of additional procedures as the activities of the management review meetings usually

cover legislative compliance (Chapter 4.2.13).

4.2.11 Environmental Management Records (BS 7750, 4.9) (ISO 14001, 4.5.3)

Records are required to demonstrate compliance with the EMS and to record the

meeting of objectives and targets. Their nature will depend on the organisation but will

include those for auditing, training, non-conformances, communications and monitoring

(Table 4.18). Both standards require procedures for the identification, maintenance

and disposal of records. They must be legible, easily retrieved and protected against

damage.

4.2.12 Environmental Management Audits (BS 7750, 4.10) (ISO 14001, 4.5.4)

Audits are required to determine whether EMS elements comply with planned

arrangements. They check whether the system is implemented effectively and fulfills

the environmental policy and objectives. Their aim is to identify weaknesses and

improvements to the EMS and play an essential role in ensuring continual

improvement (Sayre, 1996) (Houldin, 1995a).
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Table 4. 18: Examples of EMS records

• Environmental laws or other relevant requirements

• Complaint records

• Training records

• Process and product information

• Inspection, maintenance and calibration records

• Pertinent contractor and supplier information

• Incident reports

• Information on emergency preparedness and response

• Information on significant environmental aspects

• Audit results

• Management reviews

The standards require an audit cycle, programme, plan and procedures (Table 4.19).

The programme specifies the activities and areas to be audited together with their

frequency which should depend on the environmental significance. External

assessor's will look to see that those associated with significant environmental effects,

previous non-conformances or organ isational change are audited more frequently

(Houldin, 1995a and 1995b) (Table 4.20). BS 7750, unlike ISO 14001, recommends a

maximum audit cycle of three years with most areas being audited every year.

Procedures are required to specify audit arrangements and responsibilities. Several

guidance standards to ISO 14001 have been published on environmental auditing.

General principles of auditing are found in ISO 14010 and guidelines for audit

procedures in ISO 14011/1 (British Standards Institution, 1996b, 1996c). These

specify three stages in an audit from pre-audit activities, to conducting the audit

through to post audit activities. Each phase consists of several steps (Table 4.21).
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Table 4. 19: Auditing terminology used in the EMS standards (Institute of
Environmental Management, 1995)

The audit cycle:

The period over which all parts of the organisation are audited.

The audit programme:

• The timetable, projected over the audit cycle, of what parts of the organisation are
to be audited when. The programme also assigns responsibility for these audits.

The audit plan:

• The details for individual audits, including the schedule for the audit and audit
meetings, personnel to be involved, required documentation, checklists and
questionnaires etc. and the audit report distribution.

Audit procedures:

• Procedures which apply to the audit process from setting the audit programme,
undertaking the audit, following up on results and assigning responsibilities.

Table 4. 20: Recommended audit frequency for EMS elements (from the Institute
of Environmental Management, 1995)

Audit Frequency	 EMS Elements

3 months	 Areas of non-conformance and change

6 months	 Areas where potential for impact is deemed significant

1 year	 All other system elements

Suitably trained internal or external personnel may carry out audits as long as they do

so impartially and objectively. BS 7750 specifies that auditors be independent of the

area being audited wherever practicable. It is acknowledged that this may be difficult

in small organisations with limited personnel.

External assessors must be convinced of the effectiveness of the internal audit system

before they are able to award certification. The guidelines published by European

Accreditation of Certification require the audit system to be fully operational and

effective but provide little guidance relating to how this can be determined (European
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Accreditation of Certification, 1996). This is largely at the discretion of the individual

certification bodies.

Table 4. 21: Typical steps in an envfronmental audit

Pre-A udit Activities:

Step 1	 Schedule the audit to occur in the audit programme.

Step 2	 Define the purpose and scope of the audit.

Step 3	 Make pre-audit notifications as required.

Step 4	 Prepare for the audit with an audit plan and checklist. Conduct as much
preliminary review of documentation as possible.

Conducting the Audit:

Step 5	 Hold an audit entrance meeting to introduce the auditor(s) and the audit
objectives and to identify contacts and necessary resources for the audit.

Step 6	 Perform the audit by collecting objective evidence through interviews,
reviews, examinations and observations.

Step 7	 Hold an audit exit meeting to discuss audit findings and get clarifications
or corrections.

Post Audit Activities:

Step 8	 Document the results of the audit.

Step 9	 Present the report to responsible management, with distribution required
by the procedure or as requested by senior management.

Step 10	 Conduct a follow up on any corrective and preventative actions for
identified nonconformities or weaknesses.

4.2.13 Management Review (BS 7750, 4.11) (ISO 14001, 4.6)

The final requirement of both standards is for management to hold regular meetings to

review the ongoing suitability and effectiveness of their EMS. The possible need for

changes to the policy, objectives and other EMS elements need to be addressed in

light of the audit results, changing circumstances and commitment to continual

improvement (Table 4.22). Before certification can be awarded at least one

management review must be completed and the results documented (European

Accreditation of Certification, 1996).
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Table 4. 22: Issues to be addressed in the management review (British
Standards Institution, 1994a)

1. Results of internal and external audits

2. Progress against objectives and targets

3. Continuing suitability of the environmental policy and procedures

4. Emerging environmental concerns

5. Developing environmental issues

6. Potential regulatory developments

7. Concerns of interested parties

8. Market pressures

9. Changes in activities

10. Changes in the sensitivity of the environment

The requirement for the management review is almost identical in both standards apart

from one important difference. ISO 14001 requires the review to be undertaken by top

management. This will ensure that the EMS is given the highest priority within the

organisation.

4.3. THE REQUIREMENTS OF EMAS

The EC Eco-management and Audit Scheme (EMAS) was implemented in Member

States through Council Regulation 1836/93 (European Commission, 1993a). The 21

Articles cover administrative arrangements, including the requirements of participating

companies and environmental verifiers; site registration and fees; and the

responsibilities of the competent body (Table 4.23). The detailed requirements of the

scheme are found in the 5 Annexes of the Regulation (Table 4.24).
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Table 4. 23: Articles of the Eco-management and Audit Regulation

Article	 Article Title & Description
Number

Article 1	 The eco-management and audit scheme and its objectives: defines the
schemes aims & relationship with existing environmental laws

Article 2	 Definitions: defines the 15 terms used in the regulation e.g. site, environmental
audit, industrial activity & accredited environmental verifiers.

Article 3	 Participation in the scheme: explains the elements a site must undertake to
become registered to the scheme.

Article 4 Auditing and validation: outlines who may conduct a sites internal environmental
audit, how and at what frequency; and details accredited environmental verifiers'
activities.

Article 5	 Environmental statement: lists the information required in a statement & explains
simplified annual statements.

Article 6	 Accreditation & supervision of environmental verifiers: defines accreditation
systems for environmental verifiers which member states are required to establish.

Article 7	 List of accredited environmental verifiers: defines frequency and where lists
should be published.

Article 8	 Registration of sites: explains site registration & deregistration by the competent
___________ body.

Artic'e	 Publication of list of registered sites: defines how lists of registered sites should
be published in the EC's official journal.

Article 10	 Statement of participation: defines where sites may use the statement.

Article 11	 Costs and fees: allows member states to set up charges.

Article 12	 Relationship with national, European and international standards: explains
under what conditions standards may be used in conjunction with the scheme.

Article 13 Promotion of companies' participation in particular small and medium-sized
enterprises: states how member states may promote company involvement in the
scheme.

Article 14	 Inclusion of other sectors: defines under what conditions other sectors may be
included.

Article 15	 Information: defines how member states may promote and publicise the scheme.

Article 16	 Infringements: gives member states powers to act in case of non-compliance with
the regulation.

Article 17	 Annexes: states that the annexes may be adapted before the regulations review
date.

Article 18	 Competent bodies: defines and ensures the neutrality of the competent body.

Article 19	 Committee: sets up the structure and voting procedure for the committee.

Artic'e 20	 Revision: sets the time limit for the commission review of the entire regulation.

Article 21	 Entry into force: gives the dates when the regulation enters into force and when it
will apply in the member states.
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Table 4. 24: The annexes of the Eco-management and Audit Regulation

Annex Number	 Description of Annex

Annex I Details the requirements for a company's environmental
policy and a site's environmental objectives and
programmes, EMS systems similar to BS 7750 and good
management practices.

Annex II	 Details the requirements concerning site environmental
auditing, its methodology, coverage and frequency.

Annex Ill	 Details the accreditation criteria for environmental verifiers
and their functions and actions during verification.

Annex IV Shows four examples of the statement of participation with
its graphic symbol which may be used to advertise
participation in the scheme.

Annex V Lists the information that needs to be supplied to the
competent body in an application for registration to the
scheme.

Many requirements are common to BS 7750 and ISO 14001, including a policy,

programme, management system and internal audits. Although all three standards are

similar EMAS is more stringent than BS 7750 and ISO 14001. The European

Commission officially recognises ISO 14001 as equivalent to the management system

requirements of EMAS as long verifiers check for compliance with those areas detailed

in the bridging document produced by CEN (Table 4.25).

To become registered eligible companies must complete seven steps (Table 4.26).

The first stage involves documentation of a company wide environmental policy

detailing overall environmental aims and actions. As in BS 7750 and ISO 14001 it

must contain a commitment to complying with relevant environmental legislation. The

terminology of EMAS differs from BS 7750 and ISO 14001 by asking for continuous

rather than continual environmental improvement. Although the relevance of this has

been widely debated it is unlikely to be consequential in practice. The important issue

is that organisations can demonstrate improvement in certain areas of their activities.

The definition of continuous improvement is qualified in EMAS, as in BS 7750, with the

requirement that the company works towards EVABAT.
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Table 4. 25: Differences in the requirements of EMAS and Iso 14001 as detailed
in the "bridging" document produced by CEN (contained in Institute of
Environmental Management, 1998a)

EVABAT:

EMAS requires companies move towards levels of performance compatible with
EVABAT. ISO 14001 only suggests this is considered.

Environmental Review:

Although a preparatory review is required by EMAS, it is only recommended under ISO
14001. However, existing data forming part of the EMS can be used to meet this
requirement in those companies already certified to ISO 14001.

Environmental Policy:

EMAS requires a commitment to continuous environmental improvement rather than
continual improvement required by ISO 14001.

Aspects & Effects:

EMAS and ISO 14001 use different terminology in this area and EMAS lists the type of
effects operators should consider.

Environmental Audits:

The environmental audit in EMAS includes the requirement to audit performance
whereas ISO 14001 does not. However, monitoring of performance is addressed
under other clauses of ISO 14001.

EMAS specifies an audit frequency of 3 years which is not included in ISO 14001.

Communications:

EMAS explicitly requires specific types of communication to public authorities and the
public and contractors whereas ISO 14001 does not.

Definition of Site:

EMAS must be applied to a specific site involved in manufacturing activities. ISO
14001 can be applied to any organisation, or part, with separate management.

Legal Compliance:

EMAS states that companies must comply whilst ISO 14001 states they must be
committed to compliance.

Registers:

ISO 14001 does not explicitly require compilation of registers but states information
must be kept up to date thereby implying the need for documented registers.

Environmental Statement:

EMAS requires a publicly available environmental statement.
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Table 4. 26: The seven steps to EMAS registration

Stage	 Requirements

1	 A Company Environmental Policy

2	 An Environmental Review

3	 An Environmental Programme

4	 An Environmental Management System

5	 An Environmental Audit System

6	 An Environmental Statement

7	 Verification and Validation

EMAS is more prescriptive in its requirements of the policy statement than BS 7750

and ISO 14001 by requiring the organisation addresses the 12 issues contained in

Annex 1C of the Regulation (Table 4.27). The basis for the company's policy are the

11 good management practices contained in Annex 1 D (Table 4.28).

Table 4. 27: The 12 issues to be addressed within the framework of the
environmental policy and programmes and audits for EMAS

1	 Assessment, control and reduction of the impact of the activity concerned
on various sectors of the environment.

2 Energy management, savings and choice.

3 Raw materials management, savings, choice and transportation as well as
water management and savings.

4 Waste avoidance, recycling, reuse, transportation and disposal.

5	 Evaluation, choice and reduction of noise within and outside the site.

6 Selection of new production processes and changes to production
processes.

7	 Product planning (design, packaging, transportation and changes to
production processes).

8 Environmental performance and practices of contractors, subcontractors
and suppliers.

9	 Prevention and limitation of environmental accidents.

10 Contingency procedures in cases of environmental accidents.

11 Staff information and training on environmental issues.

12 External information on environmental issues.
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Table 4. 28: Good management practices to form the basis for the company
policy required for EMAS.

1. A sense of responsibility for the environment amongst employees at all levels,
shall be fostered.

2. The environmental impact of all new activities, products and processes shall be
assessed in advance.

3. The impact of current activities on the local environment shall be assessed and
monitored, and any significant impact on the environment in general, shall be
examined.

4. Measures necessary to prevent or eliminate pollution, and where this is not
feasible, to reduce pollutant emissions and waste generation to the minimum and
to conserve resources shall be taken, taking into account of possible clean
technologies.

5. Measures necessary to prevent accidental emissions of materials or energy shall
be taken.

6. Monitoring procedures shall be established and applied, to check compliance
with the environmental policy and, where these procedures require measurement
and testing, to establish and update records of the results.

7. Procedures and action to be pursued in the event of a detection on non-
compliance with its policy, objectives or targets, shall be established and
updated.

8. Cooperation with the public authorities shall be ensured to establish and update
contingency procedures to minimise the impact of any accidental discharges to
the environment that nevertheless occur.

9. Information necessary to understand the environmental impact of the company's
activities shall be provided to the public, and an open dialogue with the public
should be pursued.

10. Appropriate advice shall be provided to customers on the relevant environmental
aspects of the handling, use and disposal of the products made by the company.

11. Provisions shall be taken to ensure contractors working at the site on the
company's behalf apply environmental standards equivalent to the company's
own.

The second stage in EMAS requires a preliminary review analysing environmental

issues, impact and performance of the site's activities. Unlike BS 7750 and ISO

14001, which require a review for companies with no existing EMS, this forms an

essential element of EMAS. The same list of environmental issues to be covered by

the policy must also be addressed in the review (Table 4.27).
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Following completion of the review, the next stage requires specific objectives

consistent with the company policy. As in BS 7750 and ISO 14001 an environmental

programme is required to designate responsibilities for objectives and the means by

which they are to be achieved. Separate programmes are required in respect of the

environmental management of projects relating to new developments, products or

services.

Stage four requires an EMS including organisational structure, responsibilities,

practices, procedures, processes and resources for implementing the environmental

policy. Its requirements share many common elements to BS 7750 and ISO 14001

including an environmental effects assessment, internal audit system and

management reviews (Table 4.29).

The fifth step in the EMAS process is the environmental audit, which has to be carried

out at regular intervals. Annex II of the Regulations sets out requirements concerning

environmental auditing and references the guidelines contained in the international

standard ISO 14011/1 (Chapter 4.2.12). The EMAS definition of an environmental

audit is the same as the one used by the International Chamber of Commerce. That is

a systematic, documented, periodic and objective evaluation of the performance of the

organisation, management system and processes designed to protect the

environment. The aim of the audit is to facilitate management control of practices

which may have an impact on the environment and to assess compliance with

company environmental policies. The scope of the EMAS audit is broader than in ISO

14001 requiring assessments of factual data necessary to evaluate performance

(European Commission, 1993). In practice, however, this is explicitly covered by ISO

14001 in the requirement to audit against the pre-determined objectives and targets.

In a similar way to BS 7750 and ISO 14001 auditors must be suitably trained and

independent of the area being audited. A schedule must be established to specify

audit frequencies and define each audits scope. Activities associated with the

significant environmental effects, such as effluent treatment or waste management,

need to be audited more frequently. Unlike ISO 14001, which does not specify a

maximum audit cycle, the maximum allowable time between an audit of all the site's

activities is three years.
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Table 4. 29: Requirements of the environmental management system for EMAS

1. Environmental policy, objectives and programmes

Periodic review of policy, objectives and programmes

2. Organisation and personnel

Responsibility and authority

Management representative

Personnel, communication and training

3. Environmental effects

Environmental effects evaluation and registration

Register of legislative, regulatory and other policy requirements

4. Operational control

Establishment of operating procedures

Monitoring

Non-compliance and corrective action

5. Environmental management documentation records

The sixth stage of EMAS is the unique requirement to publish an environmental

statement validated by an accredited independent verifier. This is the major difference

to BS 7750 and ISO 14001 which merely require the policy and objectives to be

publicly available. The Regulation does not specify a particular format for the

statement apart from to include performance data and detail progress in achieving

environmental objectives and targets (Table 4.30).

A statement must be published before first registration to EMAS and then at the end of

each full audit cycle, normally three years. The exact frequency of the statement is at

the discretion of the verifier who may decide a full statement is necessary on an

annual basis. Where this is not the case an annual simplified statement, summarising

key data and any significant changes since the previous statement, is required. In

certain cases, for example in SMEs with minimal environmental impacts or where there
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have been few changes since the last statement, the verifier may not consider this

necessary. Where annual statements are produced they only need to be verified at

the end of the audit cycle.

Table 4. 30: Requirements of the environmental statement under EMAS

1. A description of the company's activities at the site considered;

2. An assessment of all the significant environmental issues of relevance to
the activities concerned;

3. A summary of the figures on pollutant emissions, waste generation,
consumption of raw material, energy and water, noise and other significant
environmental aspects as appropriate;

4. Other factors regarding environmental performance;

5. A presentation of the company's environmental policy, programme and
management system implemented at the site considered;

6. The deadline set for submission of the next statement;

7. The name of the accredited environmental verifier;

4.4. SUMMARY

BS 7750, Iso 14001 and EMAS all require an environmental policy and a documented

system of procedures, manuals and records. Environmental responsibilities must be

documented and employees suitably trained. A register is needed to demonstrate

awareness of relevant legislative, regulatory and policy requirements and to record any

changes in the legal framework.

A key area of all three standards is the identification and assessment of direct and

indirect environmental effects, referred to as aspects in ISO 14001, to determine those

of significance. The scope of the assessment and the definition of significance has

caused particular controversy and concern (Hunt, etal., 1993). The standards specify

all effects over which the organisation can control or be expected to have an influence

should be included. This allows organisations flexibility regarding the detail of the

assessment which in practice will depend on the overall aim of the EMS.

Organisations operating a compliance based system will focus on direct effects whilst

those with a more strategic outlook will adopt a broader scope. In time, as direct
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effects are controlled and legal compliance achieved, companies are likely to move

further towards a strategic system.

The approach adopted for determining significant effects is at the organisation's

discretion. Techniques based on risk assessment, consisting of a numerical scoring

system for the probability and consequence of effects, are frequently adopted. Other

companies chose a simpler approach based on a verbal description of significance.

The detail of the approach chosen depends on the size and complexity of the

organisation's activities. Both are acceptable to meet the requirements of the

standards which are concerned with consistency.

Significant effects must be managed within the system either through operational

control or by the establishment of objectives, targets and a management programme

to minimise the environmental impact. The standards do not attempt to specify

acceptable performance criteria apart from requiring legal compliance and continual

improvement. They acknowledge that improvement may not be practical in all areas,

at certain times. This gives organisations seeking certification flexibility in determining

the nature and degree of improvement sought.

Activities associated with the identified significant environmental effects must be

carried out under controlled conditions. This may include the provision of documented

procedures or the monitoring of relevant process characteristics. Procedures are also

needed to verify compliance with specified requirements such as legislation and in-

house standards, objectives and targets.

The final requirements of the standards are for records, audits and management

reviews. Records demonstrate compliance with the policy, procedures, objectives and

targets. Audits check activities conform with planned arrangements and the EMS is

effective in achieving the environmental policy. These must be documented and

undertaken by trained auditors. The final requirement of the standards is for regular

management reviews of the ongoing suitability of the system.

EMAS is more stringent than BS 7750 and ISO 14001, in particular in its requirements

for auditing and the provision of information to the general public. To become
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registered to the scheme it is necessary to produce an externally verified

environmental statement at least every 3 years. In the majority of cases it is also

necessary to publish simplified statements on an annual basis. This makes the

company more accountable to the public as they must report on their environmental

performance against pre-set objectives and targets.
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CHAPTER 5

5.0. CASE-STUDIES FROM EMS CERTIFIED COMPANIES

5.1. INTRODUCTION

The previous chapter reviewed the requirements of the EMS standards and identified a

number of key areas for discussion. Implementing organisations are given much

flexibility in designing their systems. The determination of significant effects and the

extent of improvement sought is largely at their discretion. As is the

comprehensiveness of operational control, employee training and monitoring activities.

Organisations also have the option of integrating their EMS with other business

management systems, such as quality and health and safety systems. The

approaches chosen are likely to reflect the organisation's motivation for adopting an

EMS and their expectations of its achievements.

This chapter investigates how the requirements of the standards are being translated

into practice. Five case-studies illustrate the approaches UK companies are taking to

EMS implementation. Each company's motivation for adopting a recognised standard

is investigated and their approach to implementation described. Particular attention is

paid to the methodology adopted for identifying significant environmental effects, a key

area of the standards. The focus of the system and level of environmental

improvement sought is compared between organisations by examining their policies,

objectives and targets. The number of documented procedures and the degree of

employee training required to meet the standard is also investigated.

Experiences with external auditors are reviewed to identify the priorities of the

certification bodies and common areas of system weaknesses. This will give

companies contemplating EMS implementation an understanding of the level of

commitment involved and an appreciation of the areas requiring special attention. It is

not the intention, at this stage, to identify or analyse the costs and benefits of

environmental management systems as this is covered later in the thesis.

133



Three of the companies studied manufacture chemicals, one manufactures

telecommunication cables and the other luxury packaging items. Four are classed as

small and medium sized enterprises, employing less than 250 staff. All five operated

quality management systems to ISO 9000 prior to EMS adoption. Three operate

processes prescribed as Part B under the Environmental Protection (Prescribed

Processes and Substances) Regulations 1991 for regulation under Local Authority Air

Pollution Control (LAAPC). One is prescribed as Part A for regulation under Integrated

Pollution Control (IPC). Four were certified to BS 7750 in 1995 whilst one gained

certification during 1996. All five companies transferred their certificates to ISO 14001

following the withdrawal of BS 7750 in April 1997. The three chemical companies

published an environmental statement and became registered to EMAS in 1997.

5.2. BICC CABLES LID, TELECOMMUNICATION DIVISION, BLACKLEY

BICC Cables manufacture and distribute telecommunication cables from 35 sites in the

UK. The Telecommunication Cable Systems division employs 350 people on their site

in Blackley, North Manchester. They gained certification to BS 7750 in October 1 995,

after spending five months implementing the standard. The British Approvals Service

for Cables (BASEC) were chosen as the certification body because of their familiarity

with the industry.

The process is prescribed as Part B under the Environmental Protection (Prescribed

Substances and Processes) Regulations 1991 due to the use of solvents, mainly

methyl ethyl ketone (MEK). Emissions to atmosphere are regulated by Manchester

Local Authority under Local Authority Air Pollution Control (LAAPC). The site has one

effluent discharge to the River Irk, which was consented by the National Rivers

Authority, now part of the Environment Agency (EA). Apart from a small amount of

copper recycling and legal compliance there was no environmental management in

place prior to BS 7750.

The site operates a quality management system to ISO 9001 and is firmly committed

to the principles of Total Quality Management (TOM). A documented health and

safety policy and manual is also established.
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5.2.1 Motivation for EMS Implementation

Customer pressure and the desire to achieve a competitive advantage were the major

drivers for EMS implementation. Supply chain pressure was particularly evident as

British Telecommunications, who have a stringent policy regarding their supplier's

environmental performance, are BICC's main customer (Chapter 8). Additional

motivating factors include increasing legislation, the desire to improve public image

and the need to achieve financial savings. Internal pressure from employees and the

BlOC Group also contributed towards the decision to adopt a recognised standard

(Figure 5.1). Certification was considered to be important to demonstrate

environmental commitment to stakeholders.

Figure 5. 1: B/CC Cables Group Environmental Policy (from B/CC Cables, 1996a)

BICC Cables, as a leading international company, is committed throughout its

business to respect the environment and to make responsible use of available

natural resources.

BICC Cables will pursue the use of processes, practices, materials, or products

which avoid, reduce or control pollution.

In particular, it is the policy of BlOC Cables to comply with appropriate

legislation and regulations, monitor performance, and strive for continuous

improvement in:

• Reduction and Disposal of Waste

• Efficient Use of Energy

• Marketing Environmentally Balanced Products

• Risk Reduction to our Employees and Neighbours

The Director of Personnel and Public Relations has a specific responsibility to

the BICC Cables Board for ensuring that the necessary means exist within the

Company to implement and monitor the effectiveness of this policy.
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5.2.2 Responsibility for EMS Implementation

The Quality Manager was assigned overall responsibility for EMS implementation. A

formal team for implementation was not established although he was assisted by two

six-month placement students and the Engineering Manager.

5.2.3 Environmental Review and Effects Assessment

BS 7750 implementation began in March 1995 with an environmental review carried

out by Lancaster University. The next stage was the compilation of the effects register

which begun by identifying all materials present on site.

For this purpose the site was split into six areas:

• Production bays 1,2 & 3

• Production bays 4, 5 & 6

• Engineers store

• General store

• Site perimeter

• Administration building

Two flow diagrams assisted in the identification of effects. The first concentrated on

the entire site, identifying the main inputs and outputs of the process (Figure 5.2).

Raw materials, natural resource consumption, emissions to atmosphere, releases to

water, noise and waste associated with the process were identified. The second was

more detailed, identifying specific inputs to the production process (Figure 5.3).
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BICC CABLES LTD

Blackley Site

Product Profile

Figure 5. 2: Flow diagram identifying environmental effects at B/CC Cables Ltd,
Telecommunication Cable Systems, Blackley (from B/CC Cables, 1995)
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Figure 5. 3: Raw materials and products at BICC Cab/es Ltd. Telecommunication
Cable Systems, Blackley (from BICC Cables, 1995)
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• Plastics
• Solvents (MEK)
•Oil
• Petroleum jelly
• Inks
• Clupak paper
• Rip cord
• Tapes
• Chalk

PRODUCTS

• External Cables

• Jelly filled PE unit twIn

- Dry core PE unIt twin

• Foamskln

• Drop wires

• Internal Cables
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An in-house methodology, developed with the assistance of Lancaster University,

established the relative significance of effects by scoring their likelihood of occurrence

and the severity of consequences. This approach was similar to the failure mode and

effect analysis technique described in the previous chapter. Likelihood was scored

from a maximum of 24 after consideration of the controls in place to minimise or

eliminate detrimental consequences, the nature of materials or substances and the

frequency of occurrence.

To determine the consequence each effect was scored on a scale of 1-5 against the

health and safety hazard, environmental hazard, quantity, timescale and regulatory

requirements (Table 5.1). An overall score for the consequence was calculated using

the following formula:

Consequence = (A+B) XC x Dx E

The product of the consequence and the likelihood gave an overall significance score.

Significance = Consequence x Likelihood

Effects scoring over 1000, from a maximum of 1400, were considered significant for

management within the system. Numerical ratings proved to be useful indicators of

performance. The cumulative score gave an overall performance rating for the site

which could be monitored on an annual basis.

The weakness of this approach is its lack of applicability to all types of effects. The

inclusion of quantity and timescale as assessment criteria limited the suitability of the

methodology to those quantified in tonnes released over defined time-scales. Less

tangible issues such as nuisance and visual impact could not be incorporated.

Separate criteria were required for noise (Table 5.2) and visual impact (Table 5.3).

Each positive answer scored 3 points, a partially positive answer 2 points and a

negative 1 point. Noise was deemed significant if the sum of the individual scores was

over 10 and visual impact when the sum was over 12. This necessity for parallel

systems to ensure all elements were incorporated complicated the assessment

process.
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Table 5. 1: Methodology for assessing the consequence of an environmental
effect at BICC Cables, Blackley (from BICC Cables, 1995)

Criteria	 Score

A: Hazard: Health and Safety

- No attack on any surface, no dust or odour	 1

- No long term effect on human health	 2

- May cause long term health effects	 3

- Long term adverse effects on human health 	 4

- Can prove to be fatal 	 5

B: Hazard: Environmental

- No real impact on any part of the ecosystem	 1

- Pollution occurs but creates no long-term effect 	 2

- May cause long-term adverse effects 	 3

- Serious localised issues eg habitat destruction 	 4

- Contributes to global problem eg global warming	 5

C: Quantity

- Under 1 tonne	 1

-1-lOtonnes	 2

-10-lOOtonnes	 3

-100-l000tonnes	 4

-Over l000tonnes	 5

D: Timescale

- Over the course of a year 	 1

- One month to one year 	 2

- One week to one month	 3

- One day to one week	 4

-Lessthanoneday	 5

E: Regulatory Requirement

- Not covered by any regulations	 1

- Likely to be covered by future regulations	 3

- Covered by existing regulations 	 5
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Table 5. 2: Criteria for assessing the impact of noise at BICC Cables (from BICC
Cables, 1995)

• Are sources of noise within the site identified?

• Are noise levels in dB(A) monitored on a regular basis?

• Are noise levels below any regulatory requirement?

• Are there any measures in place to reduce noise levels?

• Have there been any complaints concerning noise levels?

Table 5. 3: Criteria for assessing visual impact at BICC Cables (from BICC
Cables, 1995)

• Is there a site of special scientific interest or area of outstanding natural
beauty located near to or within the site?

• Does the site have an adverse effect on property value through interfering
with views?

• Does the site contribute adversely to traffic levels?

• Has the location of the site required the construction of new infrastructure
that would not otherwise have been necessary?

• Will any development on the site cause the potential loss of ecological
assets eg fauna, flora, forest, recreational areas and facilities?

• Have there been any complaints concerning the visual impact of the site?

The process identified 120 effects which included 23 different waste streams. Six

were assessed as significant and prioritised for improvement within the design of the

EMS:

• PVC fumes to atmosphere

• Methyl ethyl ketone to atmosphere (from cleaning and printing ink)

• Copper waste

• Tin waste

• Electricity consumption
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5.2.4 The Environmental Policy

The BICC Cables Group environmental policy formed the basis of the Blackley site's

policy. As required by ISO 14001 clear commitments were included to the prevention

of pollution, continual improvement and legislative compliance (Figure 5.4).

Commitments were also made to involve suppliers, customers and other interested

parties in the environmental improvement process and to ensure full commitment of all

employees. Little detail is included on the specific areas of environmental impact to be

prioritised for improvement. In comparison the Group policy makes clear commitments

to reduce waste, use energy efficiently, market environmentally balanced products and

reduce risks to neighbours.

Despite the inclusion in the policy to involve suppliers in the process of continual

improvement external auditors did not ask for evidence of compliance with this policy

commitment. Whilst BICC had committed significant resources to assessing the

environmental performance of their suppliers the assessors did not assign this a high

priority during the audit.

5.2.5 Objectives, Targets and Programmes

Five key objectives were established after consideration of financial, operational and

business requirements of the company in addition to the significant effects:

• Reduce PVC Fumes

• Eliminate MEK

• Reduce Oil Spillages

• Reduce Energy Consumption

• Reduce Material Consumption and Waste

The scope of these objectives is broader than purely tackling the identified significant

effects. Raw material consumption and oils spills were not identified as significant but

were prioritised for improvement. This illustrates that companies are not limited to only

tackling those effects of significance but have the flexibility to incorporate other issues.
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In this case the desire to eliminate liabilities and reduce unnecessary costs motivated

further improvements.

Figure 5. 4: Environmental policy at 81CC Cables Ltd, Telecommunication Cable
Systems, Blackley (BICC Cables, 1996b)

BICC Cables Limited, Telecommunication Cable Systems, Blackley recognises

its responsibility to balance its business needs by pursuing the use of

processes, practices, materials, or products which avoid, reduce or control

pollution.

Specifically all applicable regulatory and legislative requirements will be met or

surpassed and by involving our suppliers, customers and other interested

parties, we will continually improve our environmental performance.

In addition the environmental effects associated with the design, manufacture,

sale and distribution of metallic telecommunication cables will be identified and

evaluated with a view to reducing environmental impact.

Finally, objectives which are publicly available on request, will be set and

targets achieved through an integrated Management Programme and by

continuous improvement initiatives developed from BICC Cables corporate

strategy and policies.

All employees are fully committed to the implementation and maintenance of an

environmental management system which meets or exceeds the requirements of

ISO 14001.

Environmental objectives were fully integrated with other business activities and

formed part of the Company's "Vision 1997". 	 Sixteen programmes for their

achievement were set for the next twelve months and beyond (Horrocks, 1 995a)

(Table 5.4). In addition to the six key objectives additional programmes were

established, such as reducing noise and landscaping local amenities. These were

incorporated to ensure good relations with local residents and to motivate employees.
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The majority of objectives committed the organisation to achieving improvements

beyond the requirements of legislation. A large amount of emphasis was placed on

reducing costs and improving the company's public image. Many of the projects were

completed by May 1996, six months after certification (Table 5.4).

Table 5. 4: Environmental programmes at BICC Cables Ltd, Telecommunication
Cable Systems, Blackley (from BICC Cables, 1996)

Environmental Programmes

Reduce PVC fumes in manufacturing (fume extraction)*

Reduce and eliminate the use of MEK

Reduce in k/oil spillages in the factory by improving storage faciUties*

Reduce raw material consumption

Replacement of heaters to reduce energy consumption*

Recycling of drums*

Noise reduction*

Install acoustic guarding core lines

Monitor electrical consumption and reduce usage*

Monitor water consumption and reduce usage

Waste management programme (recycling of waste cables)*

Aluminium can recycling scheme*

Reduce paper consumption

Landscaping local amenity

Establish BT packaging recycling*

Return wooden drums to customers*

* Completed within 6 months after certification

5.2.6 EMS Documentation

As the Management Representative for BS 7750 also managed the ISO 9000 system

environmental requirements were incorporated into the existing quality manual. The

resulting "Business Manual" referenced ISO 9000 and BS 7750, in addition to in-house

procedures. This approach was felt to increase staff commitment and reduce effort

required in maintaining the system. Updating one manual would be less resource

intensive than two separate manuals. Environmental procedures, however remained
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distinct from the quality system, to ensure environmental requirements could be easily

identified. It was felt that the combined procedures would not be sufficiently specific to

ensure the environment was assigned a high priority.

5.2.7 Employee Training

Extensive resources were committed to environmental training. An introductory

session, of an hours duration, was delivered to all 350 people on site. Forty key

members of staff attended a more detailed one-day training session. In addition four

employees attended a three day internal auditor training course delivered by external

consultants.

The external assessors from British Approvals Service for Cables (BASEC) highlighted

the need for extensive employee training and awareness raising. They commented on

the lack of a refresher training plan and emphasised that training should be a continual

process. They also paid particular attention to the control of contractors working on

site.

5.2.8 Post Certification Plans

Post certification BICC Cables plan to focus on the further integration of environmental

issues into the business process, increasing management commitment and achieving

continuous improvement. Business and local community benefits are to be balanced

and objectives focused on achieving continued financial savings (Horrocks, 1 995b)

(Chapter 8).

Since certification the Company has established the BICC Cables UK Forum to

exchange best practices within the group (pers. comm. Horrocks, 1996). The Blackley

site is working with BASEC to assist them in becoming environmental verifiers for

EMAS. It is then planned to publish an environmental statement and become

registered under EMAS. This process was still ongoing by the end of 1998.
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5.3. AUTOSMART LTD

Autosmart Ltd design, manufacture and despatch speciality vehicle cleaning and

maintenance products for the transport and automotive industries. They were

established in 1979 and now employ 63 people at their site in Staffordshire. Five

distributors sub-let parts of the site. Products are sold in the UK by a national network

of distributors whose mobile "showrooms" demonstrate products to car dealerships,

valeting companies, fleet operators, workshops and bodyshops. They also export

throughout the world, primarily to Scandinavia, Australia, Ireland and Europe.

Products are manufactured by mixing and heating in vats. The process is not

prescribed for IPC or Local Authority Air Pollution Control and there are no discharges

to the sewer system or local water courses (pers. comm. Munro, 1996). Besides an

informal policy of designing new products to include environmental considerations little

environmental management was in place prior to BS 7750 (Counsell, et al., 1995).

Certification to the quality standard ISO 9001 was achieved during 1989. In 1992

Autosmart became involved in the BS 7750 pilot trial working with Environmental

Consultants, Aspects International Ltd.	 A grant was obtained under a DTI

Manufacturing Initiative to assist with consultancy costs. Aspects Certification

Services were chosen because of their involvement in the BS 7750 pilot trial. Because

of their previous experiences with ISO 9000 assessment Autosmart expected the EMS

assessment to focus on documentation. This was not the case and environmental

assessors spent the majority of time on-site reviewing working practices and plans for

environmental improvements. No non-conformances were identified and the company

became one of the first to gain certification to BS 7750 in April 1995. The certification

process was perceived to be valuable in identifying opportunities for improvement on

which the company has since acted (Counsell, et al., 1995).

In March 1997 their BS 7750 certificate was transferred to ISO 14001. An

environmental statement, detailing performance against environmental objectives, has

since been established leading to EMAS registration in July 1997.
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5.3.1 Motivation for EMS Implementation

When BS 7750 was first published in 1992 senior management viewed certification as

a means of demonstrating environmental commitment (Robinson, 1996). The main

motivator was to meet pressure from customers and improve public image.

Certification was seen as a way of differentiating the company from its competitors and

demonstrating environmental commitment to stakeholders (Counsell, et al., 1995).

5.3.2 Responsibility for EMS Implementation

The Total Quality Management (TOM) Department was assigned responsibility for the

environment. The Quality and Environmental Manager had overall responsibility for

overseeing and co-ordinating the implementation of the standard.

5.3.3 Environmental Review and Policy

A preparatory review formed the first stage in the implementation process. This was

undertaken by a 3 man steering team from Operations, the Technical Department and

Materials Control with the assistance of the company's consultants (pers. comm.

Munro, 1996). Following the review and identification of important issues an

environmental policy emerged (Figure 5.5). This contained the standard commitments

to prevention of pollution and continual improvement as required by ISO 14001. In

addition commitments were included for reducing waste and minimising the impact of

products. It required customers and suppliers to be informed about the company's

environmental policy but no clear commitment to considering environmental probity

during supplier selection.
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Figure 5. 5: Environmental policy at Autosmart Ltd (Autosmart, 1997a)

"Good Environmental Practice Makes Sense"

Autosmart Ltd recognises its responsibilities to the environment and its Board
of Management is committed to the prevention of pollution and pursuing the
best environmental practice whenever and wherever practicable.

The company therefore wi'l, as a commitment to continual improvement and
prevention of pollution:

* Set yearly objectives to implement an effective environmental programme,
which ensures continual improvement.

* Use performance monitors to ensure that our management system is
meeting the yearly objectives.

* Use our BS EN ISO 9001 design procedures to reduce the environmental
effects of our products.

* Control and reduce waste and emissions arising from our manufacturing
operations.

* Meet, and where possible exceed, aJI environmental legislative requirements
of the industry.

* Inform suppliers and customers of our environmental policy and
management system.

* Monitor use of human and material resources, with the aim of reducing
environmental impact.

* Ensure that our plant and equipment is capable of supporting our
environmental objectives.

* Provide training and education to management, staff and sub-contractors to
ensure that the policy is understood and implemented.

* Cooperate and communicate openly with interested parties towards the
shared goal of environmental improvement.

* Simplify lines of authority and communication within the company and
develop straightforward systems.
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5.3.4 Environmental Effects Assessment and Objectives

The approach adopted for assessing environmental effects was based on typical risk

assessment involving scoring frequency and consequence on a scale of 1 to 5. The

chosen technique was simpler than that at BICC Cables and contained no

predetermined assessment criteria. Instead a list of issues requiring consideration

during the scoring of consequence, including the nature and scale of the impact, legal

requirements and the views of interested parties, was included in the procedure (pers.

comm. Munro, 1996). This increased flexibility allowed the methodology to be applied

to all types of effects including nuisance and indirect effects. The process identified 25

of significance which were categorised under normal, abnormal, emergency, past and

planned activities. These included water and energy consumption, waste production,

routine effluent to surface and foul sewer and the risk of accidental contamination of

drains.

Suppliers environmental probity was assessed through a postal questionnaire. Three

suppliers failed as they lacked a clear environmental policy. They were audited during

a site visit and advice provided on environmental management systems. Each

supplier then documented a policy to maintain their position on the approved supplier

list (pers. comm. Munro, 1996).

5.3.5 Objectives, Targets and Programmes

Eight objectives were developed to reduce environmental impact, ensure legislative

compliance and improve process efficiency (Autosmart, 1997). One on waste

minimisation led to the development of an inventory of solid waste. Programmes were

established to recycle paper, cardboard, aluminium cans, glass, tins, pallets, drums,

scrap metal and fluorescent tubes. A second objective on energy efficiency led to a

monitoring programme and the reduction of vessel temperature and mixing times

required for product manufacture. Monitoring water consumption revealed the

company had been providing water for another company on the site which had been

increasing their water bills. Improved wash-down procedures also reduced costs by

reducing effluent sent to drain.
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To prevent accidental water contamination drains were colour coded, blue for surface

water and red for the foul sewer. A capital improvement programme modified the

drainage system in the manufacturing areas. All drains were diverted to a sump which

was regularly emptied by specialist waste contractors. Previously there had not been

a map of the drainage system and some effluents ultimately led to surface drains.

The implementation of the objectives and targets led to substantial improvements in

environmental performance between 1995 to 1997 (Table 5.5). Use of hazardous

materials, energy and water were substantially reduced during the period and the

percentage of packaging recycled increased, with the exception of cardboard. Volume

of effluent generated temporarily increased in 1995/6 due to the clean up of old

effluent on site. By 1996/7 effluent generated had decreased back to original levels

and a programme is planned to reduce it over the next few years.

Table 5. 5: Environmental performance between 1995 and 1997 at Autosmart Ltd
(from Autosmart, 1997)

Performance Indicator	 Change in performance between 1995 and 1997

Use of Hazardous Materials	 • Reduction of 55 tonnes per annum

Energy Efficiency	 • Reduction of 21 % per litre of product made

Water Usage	 • Reduction of approx 22%

Effluent	 • No change

Cardboard Recycling 	 • Decrease of approx 18%

Steel Drum Recycling	 • Increase of approx 30%

Plastic Drum Recycling 	 • Increase of approx 100%

IBC Recycling	 • Increase of approx 25%

Further objectives were established for 1997 to 2000 containing quantified targets to

reduce resource consumption and efficiency (Table 5.6). These were included in the

environmental statement for EMAS produced in July 1997 (Autosmart, 1997). The

majority of these committed the company to achieving improvements beyond the

scope of legislation.
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Table 5. 6: Environmental Objectives for 1997 - 2000 at Autosmart Ltd (from
Autosmart, 1997)

• To reduce consumption of raw materials classified under CHIP as dangerous
to the environment by 20% per litre of product made.

• To reduce consumption of electricity per litre of product made by 10%

• To reduce consumption of water per litre of product made by 10%

• To have no breaches of discharge consents and improve product yields by
5% to reduce effluent

• To inspect our distributor's operations quarterly to ensure that they are
following our environmental guidelines

• To continue to achieve clear audits in the Aerosol Plant

• To monitor employees exposure to hazardous substances annually

. To increase the volume of waste that we recycle by 10% over the next 3 years

5.3.6 EMS Documentation

Autosmart's long-term aim was to fully integrate environmental and quality systems.

Initially, due to the draft status of BS 7750 and the changing nature of the EMS

standards, the environmental manual was kept separate. Several months after

certification an integrated Quality, Environmental, Safety and Health (QUENSH)

Manual was established. Effort was focused on simplicity and its length limited to 20

pages. Its flexible format allowed health and safety requirements to be easily

incorporated in the future.

Wherever possible, existing quality procedures, such as auditing, non-conformances

and training, were modified to incorporate environmental requirements. This limited

the number of additional procedures required to thirteen which were later reduced to

nine (Table 5.7). Ten copies of the Environmental Procedures Manual were issued to

key members of staff.
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Table 5. 7: Environmental procedures at Autosmart Ltd (pers. comm. Munro,
1996).

Procedure
Number

EMS 1

EMS 2

EMS 3

EMS 4

EMS 6

EMS 7

EMS 8

EMS 12

EMS 13

Procedure Title

Legislation

Effects Identification and Evaluation

Objectives, Targets and Programmes

Contractors

Emergencies

Communications

Waste Management Procedures

Water and Energy Usage

Distributors

The legislation procedure (EMS 1) specified the arrangements for recording relevant

legislation. The register, an appendix to the procedures manual, listed the names of

approximately ten acts and regulations. No detail was included relating to the duty

imposed by the legislation or the actions required to ensure compliance. The

environmental effects procedure (EMS 2) described the mechanisms and

responsibilities for identifying significant effects and maintaining the register. Although

none of the standards specifically requires procedures for objectives, targets and

programmes the company decided this would be useful (EMS 3). The resulting

document described the arrangements for establishing objectives and targets and

reviewing progress towards their achievement.

The contractor procedure (EMS 4) specified that all contractors must read the

environmental policy and sign to verify this has been completed. All visitors are

required to read the information printed on the back of their passes before admittance

to the site. The emergency procedure (EMS 6) contained emergency contact names

and a 24 hour bleep number in case of incidents. The communications procedure

(EMS 7) and the distributors procedure (EMS 13) specified the provision of advice to

customers and distributors regarding the hazardous nature of the products and their

correct disposal. The waste management procedure (EMS 8) described the actions

required to ensure compliance with the Duty of Care and Special Waste Regulations.
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The water and energy usage procedure (EMS 12) implemented monitoring systems to

quantify consumption.

5.3.7 Environmental Auditing

The internal audit process played an important role in maintaining the system and

achieving continual improvement. The control of each significant effect and

achievement of objectives and targets was regularly audited. A non-conformance was

raised if objectives and targets were not achieved and auditors re-set objectives and

targets annually.

Audits were undertaken by two trained in-house environmental and quality auditors.

Due to the joint quality and environmental responsibilities of the auditors an integrated

approach was adopted involving environmental considerations being taken into

account during quality audits and vice versa.

5.3.8 Employee Training & Awareness

Employees understood the importance of adhering to documented procedures due to

their familiarity with ISO 9000 (Robinson, 1996). This reduced the volume of training

necessary for BS 7750. The approach adopted was to provide staff with small but

frequent training sessions. This commenced with senior management and was later

expanded to cover the entire organisation. All 55 staff were issued with a copy of the

environmental policy statement at an awareness raising presentation lasting

approximately an hour. In addition, everyone attended a one day Total Quality

Management (TOM) workshop including training on quality and environment.

Environmental performance was included in the quarterly "State of the Nation" talks,

covering all aspects of the business. It was also discussed during monthly

departmental and board meetings.

Employee involvement in the EMS was encouraged. Staff contributed in developing

their own work instructions. Operational control was tackled through a team which met

weekly to tackle operational quality and environmental issues. A "Suggestions for

Improvement Form" encouraged recommendations and all new staff were asked for
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suggestions during their induction training.	 This was successful in producing

numerous ideas which were simple to implement and incorporate into work

instructions.

5.3.9 Environmental Statement for EMAS

Autosmart's environmental statement consisted of a simple leaflet containing the

environmental policy, a description of the significant environmental issues and a

summary of environmental performance between 1995 and 1997 (Autosmart, 1997).

Graphs were included for electricity consumption, packaging sent for recycling, water

consumption and effluent generated. From April 1998 the statement was to be re-

issued every year (pers. comm. Hannan, 1998).

5.4. J & J MAKIN CONVERTING

J & J Makin Converting, a subsidiary of Henry & Leigh Slater Ltd, employ

approximately 75 people on their site in Rochdale, Lancashire. They are part of the

API Group plc, founded in 1865 and also have sites at Lyme Green and Poynton in

Lancashire. Their activities include the lamination and coating of paper products

predominantly used in the packaging of luxury items, cigarettes, spirits, cosmetics and

confectionery. The first stage in the process is the lamination of two substrates using

water based adhesive. This is followed by the mixing, application and drying of a top

coat of solvent based or aqueous lacquers. The final stage involves slitting, sheeting,

guillotining and wrapping of the product prior to despatch and distribution.

The process is prescribed as Part B under the Environmental Protection (Prescribed

Processes and Substances) Regulations 1991 due to the large volumes of solvents

consumed (pers. Comm. Fleming, 1997) . Authorisation to operate has been granted

from Rochdale Metropolitan Borough Council and atmospheric emissions must comply

with the requirements specified in the Process Guidance Note PG 6/17 for the

lamination of paper.

The Rochdale and Poynton sites are both certified to ISO 9002, whereas Lyme Green

has no formal systems in place. At present J & J Makin Converting are the only site
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certified to a recognised environmental standard. They began implementing BS 7750

during the summer of 1996 and were certified by BSI in January 1997. Their certificate

was converted to Iso 14001 in March 1997 but they currently have no plans to

become registered to EMAS (pers. comm. Fleming, 1997).

5.4.1 Motivation for EMS Implementation

The main pressure to adopt BS 7750 resulted from the API Group who encouraged

each site to achieve certification. They recognised the importance of protecting the

environment and saw the standard as a mechanism for achieving competitive

advantage (pers. comm. Thirkhill, 1997). A positive public image was particularly

important because of the often negative perceptions of timber based products.

5.4.2 Responsibility for EMS Implementation

The requirements of the standards were largely implemented by the Technical

Manager, who also had responsibility for the quality system. A team approach to

implementation was not adopted although the Technical Manager is assisted by the

Quality and Environmental systems Manager who has day to day responsibility for

management systems.

5.4.3 Environmental Review and Policy

The first stage in the implementation of BS 7750 was to undertake an environmental

review. This was completed by external consultants, Envirotech, through their

European funded project to provide environmental support to small and medium sized

enterprises in Greater Manchester. The next stage was to document an environmental

policy statement. This covered all three sites of Henry & Leigh Slater Ltd and

contained commitments to minimise waste, conserve resources and encourage

sourcing of timber from sustainable forests (Figure 5.6). No mention is included to

design products to minimise their impact which is surprising considering the large

quantity of solvent based lacquers used by the company. The policy referenced the
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actions to be taken to achieve these commitments including achieving certification to

Iso 14001 and ensuring employee awareness.

Figure 5. 6: Environmental policy at Henry & Leigh Slater Ltd (Henry & Leigh
Slater Ltd, 1997)

The Environmental Policy of Henry & Leigh Slater requires the Company to manage all
of its activities so that the environmental impact of its operations, processes and
systems are controlled by conditions, objectives and targets. These are based on the
philosophy of continual improvement and are consistent with all relevant legal
requirements.

1. Henry & Leigh Slater shall:

• identify and meet all current applicable legislation, regulations and codes of
practice.

• have the Company Environmental Policy and Environmental Manuals readily
available for public inspection.

• assess the impact of current and proposed operations, processes and systems
• design new operations, processes and systems with the aim of minimal

environmental impact.
• aim to minimise the creation of waste.
• aim to minimise the consumption of resources.
• aim to prevent pollution.
• encourage sourcing of raw materials from sustainable sources.

2. Henry and Leigh Slater will achieve this by means of:

• management of the Company's activities to achieve certification to BS EN ISO
14001, the Environmental Management Systems Standard.

• awareness and understanding of the Company Environmental Policy Statement.
This was initially carried out by internal presentations within the Company and was
addressed to all employees at all levels. Future new employees will be
communicated to as per the relevant site's Training Procedure.

• displaying the Policy in the main Reception area and ensuring that it is otherwise
available for viewing upon request.

• the Company's Environmental Policy is written so as to be consistent with both the
Company's Quality Statement and the Company's Health and Safety Policy.

• The Environmental Policy is defined by the Company Chief Executive and Board of
Directors and is regarded as an integral part of the Company business strategies.

Maintaining the Company Environmental Policy is the responsibility of the Chief
Executive supported by the Board of Directors together with the Environmental
Management Representatives, Management Team and all Personnel at each site.
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5.4.4 Environmental Effects, Objectives and Targets

A complex in-house methodology was designed to assess the significance of

environmental effects. Each site's activities were divided into process stages and their

effects scored on a scale of 1 to 3 against weighted criteria (Table 5.8) (Table 5.9).

Individual scores were multiplied by the weighting factors and their sum gave an

overall score for each effect. They were also assigned a hazard rating according to

the severity of the impact on the environment and local communities (Table 5.10).

Table 5. 8: Criteria for assessing environmental effects and their relative
weighting at J & J Makin Converting (Henry Leigh & Slater Ltd, 1997a)

Criteria

A Compliance with Company Environmental Policy

B
	

Compliance with Environmental Legislation

C Health & Safety Concerns

D Customer Concerns

E Local Community Concerns

F
	

Financial I Insurers Concerns

0
	

Financial Implications

H
	

Industry Codes

Weighting

Score x 2

Score x 3

Score x 3

Score x 2

Score x 1

Score x 1

Score x 1

Score x 1

Table 5. 9: Guidance for assigning significance scores for environmental effects
at J & J Makin Converting (Henry Leigh & Slater Ltd, 1997a)

Score	 Criteria	 Definition

1	 A	 Full compliance with environmental policy

B I H	 No environmental legislation I codes of practice

C to G	 Low risk or concern level

2	 A	 Monitoring required to comply with environmental policy

B I H	 Monitoring required to comply with legislation / codes of
practice

C to G	 Moderate risk or concern level

3	 A	 Work required to comply with environmental policy

B / H	 Work required to comply with legislation I codes of practice

C to G	 High risk or concern level
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Table 5. 10: Guidance for assigning an environmental hazard rating for
environmental effects at J & J Makin Converting (Henry Leigh & Slater Ltd,
1997a)

Score
	

Definition

High
	

Repeated or extreme impact on local environment or residents

Medium
	

Transient impact on local environment or residents

Low
	

No impact on local environment or residents

Significant effects were identified after consideration of both the numerical rating and

the environmental hazard potential. High numerical scores accompanied with either a

high or medium hazard rating were considered to be significant. This was the case for

five of the environmental effects (Table 5.11).

Table 5. 11: Significant effects at J & J Makin Converting (Henry Leigh & Slater
Ltd, 1997a)

Effect

VOC emissions to atmosphere from lacquering and laminating

Liquid waste from lacquers and solvent use

The use of solvent based lacquers such as Nitrocellulose & Shellac

Operating noise of machinery and material movements

Waste (landfill and discharge to drains)

Rating

35M

33H

33H

25-27M

21-23L

The weakness of this methodology was its failure to accommodate effects resulting

from abnormal and emergency operating conditions. The likelihood of occurrence, a

key issue for considering abnormal events, had not been incorporated into the

assessment criteria.	 This necessitated effects associated with abnormal and

emergency situations to be identified separately through a verbal description of the

risks and control measures. Existing control was considered sufficient and none of the

risks felt to be significant.
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The Site Driving Group reviews the effects register annually. Amendments resulting

from changes in processes, products, legal or working practices are drafted by the

Technical Manager and authorised and re-issued by the Henry & Leigh Slater Group

Appointed Person for Environmental Matters (GAPEM), currently the Technical

Manager at the Poynton Site.

54.5 Objectives, Targets & Programmes

Six environmental improvement programmes were established referencing the relevant

effects, target dates for completion and responsibilities (Table 5.12) (Figure 5.7).

Progress was monitored every six months and programmes amended when

necessary. Objectives were included for both ensuring legislative compliance and

reducing waste and energy consumption. Several, however, focused on establishing

monitoring systems rather than reducing impacts. None of the targets were quantified

in terms of reduction in emissions or improvements in efficiency, meaning that planned

and actual performance could not be compared.

Table 5. 12: Environmental programmes at J & J Making Converting (J & J Makin
Converting, 1995 - 1997)

Number	 Programme Title	 Target Date

1/97	 To measure and monitor gas and electric usage on site; to 	 Ongoing
compare with production output and establish rate of use;
to monitor trends, control use and assess future impacts.

4/96	 To reduce waste volume to landfill sites by purchasing a 	 On hold
waste compactor and by using closed waste skips.

3/96	 To monitor and target waste volume sent to landfill.	 Completed
June 97

2/96	 To eliminate the use of solvent based lacquers hence December 98
reduce VOC emissions to comply with the Environmental
Protection Act 1990.

1/96	 To monitor external noise levels and ensure conformance 	 Ongoing
to planning constraints.

1/95	 To eliminate usage of heating oil, eliminate bulk storage of 	 Completed
solvents, reduce consumption of gas and electricity by	 April 1996
consolidating all activities under one roof.
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Figure 5. 7: Example environmental programme at J & J Makin Converting Ltd
(from J & J Makin Converting, 1995-1997)

SITE IDENTIFICATION	 SITE 1	 SITE 2	 SITE 3
POYNTON	 ROCHDALE	 LYME GREEN

(Tick as appropriate)

ENVIRONMENTAL EFFECT:

• Energy consumption

• Risk of water contamination

OBJECTIVE:

• To eliminate the usage of heating oil

• To eliminate the use of bulk storage of solvents close to a major water course

• To reduce consumption of gas and electricity by consolidating all activities under
one roof

TARGET (Dates: Requirements: Responsibilities)

Start 1st October, 1995

Completed 1St April, 1996

CRITERIA FOR MEASUREMENT / VERIFICATION OF PROGRESS (Responsibility)

• Total elimination of heating oil purchases (savings £24K per annum)

• Total elimination of bulk solvent storage tanks

• Approximately 33% saving in electricity (4OK per annum)

• Approximately 70% saving in gas (50K on previous budget per annum)

MEANS OF ONGOING VERIFICATION (Responsibility)

Check all gas and electricity bills

AUTHORISED BY:

(Print Name)	 DATE:

SIGNED:
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By April 1996, six months before certification, the use of heating oil and the bulk

storage of solvents were eliminated. Electricity consumption was reduced by 33% and

gas by 70% after consolidating all activities in one building (J & J Makin Converting,

1995-1997). By June 1997 a monitoring system was established for waste sent to

landfill although quantified targets have not been set. Following certification further

improvement has been slow with no new projects initiated between January 1997 and

May 1998.

5.4.6 EMS Documentation

EMS documentation was organised in four levels (Figure 5.8). The policy and manual

were developed as Group documents applicable to all three Henry & Leigh Slater sites

(Henry & Leigh Slater Ltd, 1997). Procedures, registers and records were specific to

the individual sites.

Figure 5. 8: EMS documentation layers at J & J Makin Converting (Henry & Leigh
SlaterLtd, 1997)

Group
Environmental Policy

ISO 14001 Environmental
Management Manual

EnvironmentalSite

Procedures

Environmental	 I I	 Environmental	 I
Effects Register I I Legislation Register I	

Records
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The EMS was developed as a stand alone system separate from the quality system. It

contained 28 procedures, 19 of these were operational and 5 were concerned with the

management system (Table 5.13).

Table 5. 13: EMS procedures at J & J Makin (J & J Makin Converting, 1997)

Number

EM1

EM2

EM3

EM4

EM5

EM6

EM7

EM8

EM9

EM1O

EMil

EM12

EM13

EM 14

EM15

EM16

EM1 7

EM 18

Title

Training

Communication

Objectives and Targets

Disaster Recovery Plan Update

Management Review

Review of Register of Environmental Aspects

Register of Legislative Requirements Update

Duty of Care - Waste

Environmental Incidents Reporting

Internal Auditing

Environmental Records

Document Control

Visitors and Contractors

Modification - Process

Monitoring - Energy Use

Monitoring - Project Specified Areas

Monitoring - Air Emissions

Monitoring - External Noise Levels

EM19	 Discharges to Water

EM2O	 Hazardous Chemicals and Materials

EM21	 Contingency Plans

EM22	 Modification - Product

EM23	 Purchasing

EM24	 Office Support Activities

EM25	 Monitoring - Raw Material Use

EM26	 Monitoring - Site Appearance

EM27	 Monitoring - Support Material

EM28	 Transport Operation
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The document control procedure specified that individual sites could not amend

documents without agreement and authorisation at Group level. This meant that

updating the system was bureaucratic and allowed individual sites little flexibility. It is

planned to change this limitation to facilitate maintenance of the system and

encourage individual site ownership (pers. comm. Fleming, 1997).

5.4.7 Employee Training

Each employee's training needs were individually assessed and a training programme

established (Figure 5.9). In early 1997, prior to certification, all staff attended a 2-hour

awareness raising session. Since then no formal training has been undertaken

although environmental incidents are discussed regularly at team meetings and the

Environmental Driving Group (EDG) meets every three months (pers. comm. Fleming,

1997).

5.4.8 Environmental Auditing

Internal audits were based on procedures rather than ISO 14001 clauses. 24 audits

were required to cover the 28 procedures as in some cases one audit would cover

several procedures (Figure 5.10). The audit schedule was based on an audit cycle of

a year, implying that every procedure was audited at least annually. Activities

associated with significant environmental effects were audited more frequently with the

control of hazardous chemicals being audited every 3 months. The large number of

audits, two a month, caused problems in meeting the audit schedule. In the future it is

planned to rationalise the number of audits by increasing their scope.

Auditing was undertaken by five trained auditors consisting of representatives from the

technical department and production. Each auditor would undertake approximately 6

audits a year. The procedure adopted involved developing a checklist, undertaking the

audit, writing a report and raising non-conformances where necessary.
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Figure 5. 9: An example training needs analysis at J & J Makin Converting (J & J
Makin Converting, 1997).

EMPLOYEES NAME: Mike Higgins	 CLOCK NUMBER: Staff

MAIN JOB: Customer Services Manager YEARS IN JOB: 2

BRIEF DESCRIPTION OF JOB TASKS:

• Attending to customer complaints

• Investigating complaints

• Overseeing wax development

• Deputy Technical Manager

• BS 7750 Internal Auditor

LEGISLATION

Does the Manager I Operator need to be aware of any environmental 	 Yes / No
legislation which is relevant to their main job?

If yes, please state: As Deputy Technical Manager needs to be aware
of all solvent laws, waste laws etc

Does the Manager I Operator need to have any specialist skills training	 es / No
to operate / measure / carry out the necessary dust / noise I solvent
monitoring etc?

If yes, please state:

Recommended Training Programme: 	 DATE:

1. Basic Awareness Package 	 6/11/97

2. Brief on System and Contents (BS 7750)

3. BS 7750 Internal Auditor Training

Signed .................................... Departmental manager

Signed ................................... Staff member

Signed ................................... Technical manager
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5.5. THOMAS SWAN & CO LTD

Thomas Swan & Co Ltd employ 120 people in the manufacture of polymers, resins and

fine chemicals at their site in Consett, County Durham. The family-owned business is

registered to ISO 9000 and committed to the Chemical Industries Association's

Responsible Care principles. They were amongst the first to gain BS 7750, being

certified by the British Standards Institution in March 1995. Their certificate was

transferred to the draft ISO 14001 in May 1996. EMAS verification was undertaken

during December 1996 and registration to the scheme awarded by BSI in early 1997.

Due to the volumes of chemicals handled in the process the company is prescribed as

Part A under the Environmental Protection (Prescribed Processes and Substances)

Regulations 1991 for regulation by the Environment Agency under Integrated Pollution

Control (pers. comm. Richardson, 1996).

5.5.1 Motivation for EMS Implementation

Thomas Swan & Co has traditionally maintained a close relationship with their

customers and in the early 1990's began to receive increasing numbers of customer

environmental enquiries (pers. comm. Richardson, 1996). Certification to BS 7750

was seen as a mechanism to ensure their expectations were met and achieve a

corn petitive advantage.

Besides the desire to meet customer's requirements legislative pressure on the

company had significantly increased. This started in the 1980s with the Classification,

Packaging and Labelling of Dangerous Substances (CPL) Regulations and was

followed by the European Inventory of Existing Commercial Chemical Substances and

the Control of Substances Hazardous to Health Regulations 1988. Pressure increased

again in the early 1990s with the publication of the Environmental Protection Act. A

formal EMS was adopted to ensure continued awareness and compliance with this

rapidly changing legislation.

The poor public image of the chemical industry and the general public's increasing

environmental concern provided additional motivation. Registration to the Chemical
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Industries Association's Responsible Care programme provided some reassurance to

local residents but was not considered to be sufficient (Richardson, 1995). Its lack of a

commitment to continuous improvement, in particular, led the company to seek

certification to a recognised environmental standard (pers. comm. Richardson, 1996).

5.5.2 Responsibility for EMS Implementation

Responsibility for BS 7750 was assigned to the Chief Chemist, who also had

responsibility for research and quality management. The system was originally

developed by technical staff and was transferred to production through an

Environmental Management Team. This consisted of eight members meeting every

few weeks to review progress with implementation. The inclusion of representatives

from production was considered to be invaluable as an in-depth knowledge of all

aspects of the business was required (pers. comm. Grosevenor, 1996). Top level

commitment was seen to be essential and was achieved through the "Environmental

Executive Team". This consisted of eight top managers, including the Managing

Director, who met every six months to discuss strategic issues such as certification,

policy and objectives.

5.5.3 Environmental Effects Assessment

A complex numerical rating system was adopted for assessing environmental effects,

based on the technique of failure mode and effect analysis (FMEA) (Thomas Swan &

Co Ltd, 1994 and 1994a). The likelihood of occurrence, likelihood of detection and

severity of the consequences of each effect were scored and the sum indicated overall

significance (Table 5.14). This approach was slightly modified to that for FMEA

contained in the previous chapter as control has been substituted by likelihood of

detection. These are related, as the greater the control, the greater the chance of

detection. Control, however, is more general in its definition applying to management

as well as detection. It is therefore more easily applied to effects such as resource

consumption and supplier control.
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The effects assessment identified over 70 significant environmental effects, which

were later rationalised to 30 (pers. comm. Richardson, 1996).	 To facilitate

communication to employees these were summarised to waste, resources, materials

handling and perceptible effects such as noise, odour and visual impacts. These were

considered to be the four "static" significant effects which would not change over time.

Table 5. 14: Methodology for assessing environmental effects at Thomas Swan &
Co (Thomas Swan & Co Ltd, 1994)

Likeithood of occurrence 	 Likelihood of detection	 Likelihood of consequence

Criteria	 Rank	 Criteria	 Rank	 Criteria	 Rank

Very high	 5	 Certain	 0	 None	 0

High	 4	 Very high	 1	 Minor	 2

Moderate	 3	 High	 2	 Low	 4

Low	 2	 Moderate	 3	 Moderate	 6

Very low	 1	 Low	 4	 High	 8

None	 0	 Very low	 5	 Very high	 10

5.5.4 Environmental Policy, Objectives & Programmes

A publicly available document contained the quality, health and safety, and

environmental policies (Thomas Swan & Co Ltd, 1996). The environmental policy

consisted of a simple commitment to the prevention of pollution and continual

improvement, supported by four strategic objectives (Figure 5.11). These focused on

risk minimisation, environmental protection and communication but little detail was

included on waste minimisation, energy conservation, product design or the source of

raw materials. Previously the objectives had included a commitment to comply with

legislation. This was later removed at the request of the external assessors who

considered this suitable for the policy but not sufficiently detailed to constitute an

objective (per. Comm. Grosvenor, 1998). Quantified performance targets were not

published but specific targets were established for individual management

programmes (Thomas Swan & Co Ltd, 1994b), which were deemed confidential.

Information relating to improvement programmes could be obtained from their EMAS

statement, published in 1996, which summarised previous and ongoing initiatives.

These were far reaching and broad in scope covering issues such as improvements to

piping and storage, energy efficiency, transport and supplier performance (Table 5.15).
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Figure 5. 11: Environmental policy statement at Thomas Swan & Co Ltd (Thomas
Swan & Co Ltd, 1996).

It is the POLICY of the Chemicals Division of Thomas Swan & Co Ltd to:

• Give a commitment to protect and conserve the environment, with particular regard

to the prevention of pollution and continuous improvement.

The related OBJECTIVES are to:

• Conduct all site operations to a high standard of safety, efficiency and

environmental awareness, with particular focus on significant environmental

effects.

• Communicate openly with customers, employees, suppliers, the local community

and other interested parties on relevant environmental issues.

• Ensure that the company, its employees and visitors comply with this policy and all

other social, moral and legal environmental requirements.

Maintain registration to an international environmental management standard.

To assist in meeting the above requirements, the company will:

• Ensure that overall environmental responsibility remains with a senior manager.

• Continue to provide appropriate environmental training for all employees.

• Select and carry out its manufacturing practices having regard to both the local

environment and the operations involved.

• Continue to operate a controlled environmental management system which

includes comprehensive audit and review procedures. This includes review of this

policy.
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Table 5. 15: Summary of environmental programmes at Thomas Swan & Co
(from Thomas Swan & Co, 1996a and 1997)

• Reduction in the number of process ventilation points (target date 1998)

• Continual improvement of purification I filtration facilities in the production areas

• Monitoring and targeting systems for yield, quality, waste, materials and energy

• Re-routing of trade effluent from the Crookhall sewage works to the larger Consett
works

• Improved thermal insulation of hot oil and steam pipes (completed 1994)

• Improved thermal insulation of reaction vessels and storage tanks (ongoing)

• Substitution of gas for heating oil (completed 1997)

• Electricity supply power factor correction (completed 1996)

• Upgrading of the nitrogen distribution pipework (completed 1996)

• Installation of full site containment (ongoing)

• Review of storage conditions to ensure that non-compatible materials are not stored
together

• Scrutiny of customers and suppliers using environmental management
questionnaires (started in 1 993)

• Auditing key customers (1995), suppliers (1995) and transport contractors (started
in 1993)

• Use of bulk handling, where appropriate, to reduce the number of handling
operations (ongoing)

• Restriction of goods transported through Crookhall during unsociable hours

• A comprehensive preventative engineering maintenance schedule (ongoing)

• Installation of a less dusty packaging plant and a more energy efficiency cooling unit
(completed 1997)	 ____ ________ _______ ___________ ____

Annual environmental performance in terms of environmental releases and resource

consumption was calculated and compared to the previous years performance (Table

5.16). The increase in releases between 1994 and 1995 can be explained by the

introduction of a new process, the manufacture of additives used in the rubber

industry. This led to increased waste and resource consumption compared with the

replaced product range. The environmental implications of the new process were

addressed and appropriate action taken, including the introduction of many

environmental improvements. The process has since been adopted as a model of

Best Practicable Environmental Option (BPEO) by the Environment Agency (Thomas

Swan & Co, 1996a). Between 1995 and 1996 water consumption, energy

consumption, process waste and trade effluent per tonne of product were reduced

(Thomas Swan & Co, 1997).
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Table 5. 16: Environmental performance at Thomas Swan & Co (from Thomas
Swan & Co, 1996 and 1997)

Quantity per tonne of	 Total Quantity (tonnes)
_______ product _______ _______ _______ _______

1994	 1995	 1996	 1994	 1995	 1996

Process waste (tonnes) 	 2.0	 2.4	 2.3	 8,500	 10,200 11,500

Trade effluent (tonnes)	 4.8	 6.9	 6.7	 21,000 29,000 33,600

Measured emissions to air 0.007 	 0.004	 0.004	 30	 18	 20
(tonnes)

Calculated emissions to	 1 .7	 1.5	 1 .6	 7,400	 6,400	 8,000
air (tonnes)

Consumption of water 	 3,300	 4,100	 3,000	 14.5	 17.5	 14.9
(gallons)	 ________ ________ ________ 	 mill	 mill	 mill

Energy (gigajoules)	 20	 21	 18	 85,000 90,000 89,000

Raw material (tonnes)	 2.1	 2.2	 2.2	 9,250	 9,400	 10,910

The external auditors from the British Standards Institution focused on consistency

between objectives, targets and the management programme. They were concerned

by the lack of a clear link between the objectives and the management programme.

This identified individual projects and assigned target completion dates but did not

reference objectives. To solve the problem each objective was supported by a

minimum of one target and improvement project. An example being a target to

undertake 12 supplier audits a year assigned to the objective to communicate openly

with customers, employees, suppliers and the local community.

5.5.5 Employee Training

A matrix of job descriptions versus required environmental knowledge identified

training needs. The first draft of a training plan included tight deadlines for the

deliverance of courses. This proved difficult to achieve and timescales were later

removed to avoid assessors raising non-conformances when deadlines were not met

(pers. comm. Richardson, 1996).
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External assessors emphasised the importance of employee environmental training.

They questioned individual employees on their understanding of the policy and

relevant elements of the EMS.

5.5.6 EMS Documentation

The implementation of the EMS required only 4 new procedures plus the modification

of 20 - 30 existing ones (pers. comm. Richardson, 1996). Operational procedures

were integrated to cover all business activities including quality, health, safety and the

environment. It was not necessary to document any additional procedures to transfer

from BS 7750 to ISO 14001. Assessors considered the additional ISO 14001

requirement for a procedure to periodically evaluate compliance with legislation to be

met by the on-going review activities of the Environmental Management Team.

5.5.7 Environmental Auditing

Every six months a team of six people spent a week undertaking an environmental

audit. Each audit covered two process areas and consisted of vertical and horizontal

elements. Vertical audits, also known as system audits, reviewed compliance with

EMS elements whilst horizontal audits, or compliance audits, looked at operational

issues such as raw materials, housekeeping and maintenance. In compliance with

EMAS each audit is repeated at least every 3 years, with certain audits undertaken

more frequently depending on the severity of the associated environmental effects.

5.5.8 EMAS Registration

EMAS requires an environmental review whereas BS 7750 and ISO 14001 only

recommend this where there is no existing EMS in place (Chapter 4). Thomas Swan &

Co had not undertaken a full review prior to BS 7750 as much information had

previously been compiled to meet regulator's requirements. Rather than demanding a

retrospective review, which would have been of little additional benefit, the British

Standards Institution, their chosen EMAS verifiers, accepted a list of existing reports

and IPC Applications.
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The Environmental Management Team spent a year compiling the data for the public

environmental statement (pers. comm. Grosvenor, 1996). It took the EMAS

verification body two days to verify the system and environmental statement met the

requirements of the Regulation. Little emphasis was placed on the source of the data

and original calculations were not inspected. The majority of the data were accepted

rather than questioned. The first statement was published in November 1996 and

consisted of a three page fold-out leaflet containing details of the policy, objectives and

environmental performance (Thomas Swan, 1 996a). Interim statements, consisting of

a simple one page hand-out are to be published each year (Thomas Swan, 1997).

Neither the 1996 or 1997 statements reported any environmental incidents or breaches

of legislation.

5.6. CONTRACT CHEMICALS (KNOWSLEY) LTD

Since 1983 Contract Chemicals (Knowsley) Ltd have manufactured a wide range of

chemicals for the international pharmaceutical, agrochemical, food and allied

industries. Their 9 acre site is situated on the Knowsley Business Park between

Liverpool and St Helens. It now employs approximately 160 staff and was one of three

company sites achieving certification to BS 7750 by October 1996.

The British Standards Institution was contracted as the certification body and the main

assessment at Knowsley required 9-12 auditing days. The Company experienced 12

different auditors and reported that each auditor's style and priorities differed (pers.

comm. Kinely, 1996). Some took an office based approach whilst others carried out

more practical site based assessments. Following certification one day surveillance

audits have been carried out every six months by one auditor. The site became

registered to EMAS in 1997 after the publication and validation of their environmental

statement (Contact Chemicals, 1997).

The manufacturing processes used at Knowsley are based on traditional synthetic

organic chemistry. Products are manufactured in vessels ranging in size from 200 to

30,000 litres. Raw materials are delivered by road tanker and fed to reactors from

drums or bulk storage. They are reacted together under tightly controlled time and

temperature conditions until the reaction has reached completion. Where necessary
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the end product is purified by crystallisation, distillation or solvent extraction. Solid

products are dried and sieved before quality control testing, packing and despatch by

road.

5.6.1 Motivation for EMS Implementation

The impetus to implement BS 7750 originated with the Group Managing Director. He

perceived certification as a prerequisite for continued business (Kinley, 1996). The

company's public image was under threat by a local environmental action group

"Knowsley Against Chemicals". BS 7750 was adopted as a mechanism to

demonstrate commitment to stakeholders, in particular the general public.

5.6.2 Responsibility for EMS Implementation

Responsibility for implementing BS 7750 was assigned to the Group Health, Safety

and Environment Manager. He was assisted by a steering group, consisting of

Operations Managers and the Managing Director, which met every two weeks

throughout the implementation period. A master timetable designated a member

responsible for each clause of the standard. Individual managers were required to

report regularly to the Managing Director on their progress (pers. comm. Kinley, 1996).

5.6.3 Environmental Review

The first stage in the implementation process was the preliminary environmental

review. This was undertaken with the help of consultants Robinson Fletcher at a full

cost of £3,500, funded by 50% through a DTI grant scheme.

5.6.4 Environmental Policy

The next stage was to document an environmental policy detailing the company's

environmental commitment (Figure 5.12).	 This committed the organisation to

assigning environmental management equal priority to the health and safety of

employees and the quality of products. Employees mandatory compliance with

173



systems and instructions was included to demonstrate that their commitment was

essential to the success of the business (Kin ley, 1996).

Figure 5 12: Site environmental policy at Contract Chemicals (Knowsley) Ltd
(Contract Chemicals, 1997)

The board of Contract Chemicals is committed to achieving the highest possible
standard of environmental management This commitment is essential for the
future of our business, It ranks equally with our policy commitments to health,

safety and welfare of our employees and the quality of our products.

Our environmental manual and the various supporting procedures, instructions
and records are designed to establish, document and maintain our

environmental management system.

It is the policy of Contract Chemicals to conform with the requirements of British
Standard BS EN ISO 14001: "Specification for Environmental Management
Systems". The systems and instructions are therefore mandatory upon all

Contract Chemicals Personnel involved in the activities of the Knowsley site. It
will be capable of producing objective evidence of conformance.

Additionally, as a member of the Chemical Industries Association, we are wholly
committed to the guiding principles of the Association's "Responsible Care

Initiative". As such, it is an integral part of our overall business policy to ensure
that our activities are organised and managed to ensure an acceptably high level

of protection for the health and safety of our employees, our customers, the
public and the environment.

We will seek constantly to prevent pollution and improve the environmental
performance of our operations. We will measure, control and where practicable

progressively reduce emissions, waste output and energy use. We will focus
principally on those areas of greatest potential environmental impact within our

production, product development, procurements and storage operations.

We will continually assess our environmental performance against agreed
objectives and targets. New investments in plant and processes will incorporate
the best available techniques which are commercially viable. We will continue
to work closely with all appropriate external authorities to meet all regulatory

and legislative requirements.

In order to ensure the success of this important policy the necessary resources,
both human and financial, will be made available. In addition, there is an on-

going commitment to training and awareness to ensure that the policy is
understood, implemented and maintained at all levels within the company.

Participation is welcomed from all in revising, maintaining and improving the
policy to ensure that these high standards are met and maintained. Our policy

and objectives are available to all interested parties.
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5.6.5 Environmental Effects Assessment

In a similar way to BICC Cables and Autosmart, the methodology adopted for the

effects assessment was based on risk assessment involving scoring probability and

consequence. The criteria used to assess consequence were flexible and

comprehensive containing a general clause to include any effect with a significant

impact (Kin ley, 1996). This allowed the methodology to be successfully applied to all

types of effects and led to the identification of over 30 of significance.

5.6.6 Objectives, Targets & Programmes

Following the prioritisation of environmental effects 32 objectives for reducing

environmental releases and improving waste management were established. The

achievement of an objective to reduce volumes of trade effluent by 60% caused

unforeseen problems by increasing the concentrations of other effluent parameters

(pers. comm. Kinely, 1996). This illustrates the need to fully consider the overall

environmental consequences of process changes prior to their implementation.

The difficulties of managing such a large number of objectives resulted in their

rationalisation from 32 to 7 for 1996 (Table 5.17). The majority were quantified and

specified achievement target dates. In certain cases these were long-term with target

dates of up to 18 months.

The site's public statement prepared for EMAS, which was first published in 1996,

consisted of a detailed 20 page document (Contract Chemicals, 1997). It reported that

in 1995 oil and grease discharges exceeded consented levels (Table 5.17). Although

legislative compliance is the minimum requirement of BS 7750 this did not prevent

certification being granted by BSI. They were satisfied with the ambitious target for the

next year to reduce releases to within 85% of the consent levels and average loading

by 5% compared with 1995 values. The modification of production processes and the

installation of engineering solutions were successful in reducing all parameters to 73%

of the consented level. Average loadings for oil and grease were reduced by 60% but

the volume of trade effluent and sulphate levels increased compared to 1995 (Table

5.17). The recorded increase in volume was due to the diversion of surface water run-
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off into the trade effluent drain and the increase in sulphate loading was due to

changes in product range.

Table 5. 17: Environmental objectives for 1996 at Contract Chemicals (Knowsley)
Ltd (Contract Chemicals, 1997)

• Minimise the risk of contaminating surface water

• Improve effluent quality within 85% of discharge consent limits and reduce
the average loading by 5% compared with 1995 levels

• Reduce water consumption by 5% compared with 1995

• Maintain air emissions within 85% of permitted discharge limits and incur no
air emission related complaints

• Minimise the risk of contamination to land and ensure that land and buildings
are managed in a responsible manner with regard to site aesthetics.

• Incorporate environmental concerns into the supplier quality audit
programme

• Develop a costed plan by February 1996, which identifies medium and long
term issues and provides proposals for energy reduction.

Table 5. 18: Parameter effluent concentrations compared to consent levels at
Contract Chemicals (Knowsley) Ltd (from Contract Chemicals, 1997).

Parameter	 Consent Level 1995	 Mean 1996	 Mean	 Change
____________ ____________ Daily Loading Daily Loading ____________

Oil & Grease	 100 mg/I	 156 mg/I	 63 mg/I	 -60%

Volume	 350 m3/day	 202 m 3/day	 254 m3/day	 +20%

Sulphate	 1000 mg/I	 315 mg/I	 372 mg/I	 +15%

All other objectives for 1996 were met apart from the target to incur no air emission

related complaints (Contract Chemicals, 1997). Three incidents, two involving dimethyl

amine and one acetic acid, resulted in 14 complaints. In addition it was necessary to

notify the Environment Agency twice during 1996 following detected emissions above

consent. The first was associated with a faulty valve leading to short-term releases of

hydrochloric acid and the second with the failure of a scrubbing system leading to

increased concentration of VOC release. The failure to meet two of the objectives did

not lead to the loss of BS 7750 certification as in all cases causes were investigated

and corrective and preventative action implemented.
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A number of additional activities were included within the scope of the objectives for

the following year including the enhancement of the environmental auditing programme

and the review of current packaging usage (Table 5.19). The objectives also contained

commitments to further reduce atmospheric emissions and water consumption

compared to 1996. The 1997 target for effluent quality was less stringent than in 1996

requiring releases to either be maintained to within 80% of consented levels or reduced

by 5% compared to 1996 levels.

Table 5. 19: Environmental objectives for 1997 at Contract Chemicals (Knowsley)
Ltd (Contract Chemicals, 1997)

-. Minimise the risk of pollution to the drainage system

• Maintain effluents within 80% of consent limits at all times or reduce mean
reported values by 5% per unit effluent volume on 1996 for three key
parameters

• Minimise total water consumption (per unit volume of production) by 5%
compared with 1996.

• While maintaining air emissions within consented concentrations the
company will seek to hold emissions within 80% of total mass emission
consent limits.

• Minimise the risk of contamination to any land as a result of operations

• Carry out land quality investigations prior to the development of the new
production building.

• Manage land and buildings in a manner with regard to site aesthetics and land
utilisation.

• Enhance the environmental auditing programme.

• Review current packaging usage with a view to increasing the level of
recycling and re-use.

5.6.7 Employee Training

Extensive environmental training was required to achieve a satisfactory level of

employee awareness. Everyone on the Knowsley site attended a 1 day external

course organised by A.I.G Consultants, formally Robinson Fletcher (Kinely, 1996).

Since certification all staff have attended 3 half-day off site courses on topics such as

IPC, effluent and management systems. This resulted in substantial improvements in

employee awareness although training had to be repeated 3 times before a clear
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improvement was seen. Achieving this cultural change in the workforce was felt to be

the hardest element of implementing the EMS (pers. comm. Kinely, 1996).

A large number of staff, 25, were externally trained in auditing by attending a course

approved by the Environmental Auditors Registration Association. The majority of

these were also trained ISO 9000 auditors. Each EMS audit was carried out by a team

of two trained auditors.

5.6.8 EMS Documentation

From the outset it was intended to integrate the EMS with the quality system.

Wherever possible existing quality procedures were adapted to incorporate

environmental considerations. The environmental policy and manual, however, were

kept separate from the quality system to ensure their high profile.

5.7. SUMMARY

The five case-studies identify a number of key motivators for EMS implementation. All

companies cited the desire to meet customers' expectations and achieve a competitive

advantage to be particularly important. The three chemical companies were also

motivated by the desire to improve their public image. This explains their motivation to

publish environmental statements and seek registration to EMAS. Legislative

compliance was also a significant motivator for companies regulated under LAAPC or

'PC.

The drivers motivating individual companies are reflected in their environmental

policies and overall direction of their EMSs. This illustrates how important it is to fully

understand the aims of a system prior to implementation to ensure the desired results

are achieved. Companies motivated by legislation tend to adopt a more compliance

approach compared to others, such as Autosmart, where more strategic issues such

as choice of raw materials and impact of products are incorporated. The three

chemical companies invested significant effort in external communications as a key

aim of their systems was to improve public image.
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Management commitment is essential to the success of an EMS. All five companies

recognised the important role of senior management, in particular the Managing

Director, in the process of achieving certification. Day-to-day responsibility for EMS

implementation is typically assigned to an existing quality manager. This was the case

for four of the five case-study companies, the exception being Contract Chemicals

where the Group Health and Safety Manager championed the project.

A team approach to implementation is invaluable as input is required from all business

activities. Typically this consists of representatives from a range of departments,

including senior management and production. Employee involvement is commonly

reported to be critical by certified companies. The five participating companies all

required their staff to attend a minimum of one formal environmental training session

ranging from a 2-hour introduction at J & J Makin to several days per employee at

Contract Chemicals. Whilst involving employees is essential changing culture and

management practices was frequently reported to be the hardest element of EMS

implementation.

Methodologies adopted for the environmental effects assessment are typically based

on risk assessment and involve numerical rating systems. These range from simple

systems, such as that at Autosmart, to complex rating systems, such as those at BICC

Cables and J & J Makin. There is little added value from adopting a detailed

methodology, rather it leads to confusion and the need for parallel systems to ensure

applicability to all types of effects. A wide range of techniques are acceptable to the

certification bodies who are looking for evidence that the necessary issues have been

considered through a consistent approach. It is standard to identify approximately 10

effects as significant.

The level of environmental improvement sought varies greatly between companies.

Contract Chemicals and Autosmart published seven or eight key objectives each year,

many of which were quantified and supported by many individual projects. In

comparison J & J Makin established only six projects over three years. In some cases

third party assessors appear to give little attention to the extent of environmental

improvement achieved. To ensure the standards succeed in their aim of achieving
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continual environmental improvement they have a responsibility to concentrate on real

improvement rather than system documentation.

The most demanding and detailed targets are set by EMAS registered companies, who

are required to report publicly on their progress. Of the five companies studied the

most stringent targets were set by Contract Chemicals and Autosmart, both EMAS

registered. In comparison the two companies not EMAS registered, BICC Cables and

J & J Makin, did not attempt to quantify their commitment to continual improvement.

The lack of standardised performance indicators makes comparisons of environmental

performance between certified companies difficult. This is particularly the case in

those not registered to EMAS, who are not required to publish their achievements. All

five companies specified objectives and targets beyond the requirements of legislation,

typically in waste minimisation and energy efficiency. In this way the standards are

effective in encouraging voluntary environmental improvement. None of the

companies, however, included commitments to the broader principles of sustainable

development in their policies or objectives.

The volume of additional documentation required for an EMS varies significantly

between companies. Thomas Swan required 4 new procedures compared to 28 at J &

J Makin. Adopting the strengths of existing business systems can lead to the

minimisation of new documents through systems integration. Environmental

requirements can be incoporated into an existing quality system, in particular the

system manual and procedures for training, auditing, non-conformances and document

control. This was the case at BICC Cables, Autosmart and Contract Chemicals. In

comparison J & J Makin Converting and Thomas Swan & Co Ltd, chose to keep their

EMS documentation distinct from other business management systems thereby

increasing the number of new procedures required.

External auditors are particularly concerned with the establishment of a clear link

between significant effects, objectives and management programmes. It is important

that all significant effects are managed within the system and that targets and

improvement programmes are established for each objective. Employee training and

awareness is also frequently investigated during the assessment. All employees need
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to be aware of the company environmental policy and refresher training is required on

a regular basis.

The case studies identify a number of lessons for companies implementing an EMS.

In particular it is important to define the system aims prior to implementation, as this

will influence many of the individual components. A team approach and substantial

employee training and involvement are invaluable in ensuring system success.

Bureaucracy can be reduced by integrating procedures with existing quality

documentation. In many cases companies simplified their EMS following certification,

this is particularly relevant to the complexity of the effects assessment and objectives

and targets. Simple approaches coupled with several key objectives are sufficient to

meet the requirements of the certification bodies. This is also true of the public

environmental statement required by EMAS. As Autosmart and Thomas Swan

illustrated it is not necessary to publish complex detailed reports unless the

organisation believes this will be beneficial to their public image.
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CHAPTER 6

6.0. EMS IMPLEMENTATION AT A LARGE CHEMICAL MANUFACTURER

6.1. INTRODUCTION

This chapter investigates the ease of implementation of the EMS standards through a

detailed case study from a large heavily regulated chemical company. The author's

direct involvement, as project manager, allows a comprehensive investigation into the

EMS standards' requirements and the key issues associated with their implementation.

In addition the problems encountered and their solutions are identified and discussed.

The first stage was to undertake a detailed review of management practices against

the requirements of the standards. This was essential in determining the starting

position and identifying strengths and weaknesses of existing systems. Throughout

the duration of the project areas of non-compliance were addressed and brought into

line with the standards. This led to the design and implementation of an EMS which

would meet BS 7750 and be complementary with existing environmental, quality and

health and safety systems. It was also necessary to ensure compliance with ISO

14001 which was published in draft during the implementation period.

6.2. COMPANY DETAILS

Solvay lnterox Ltd is part of the international chemical and pharmaceutical group,

Solvay S.A. The group has over 45,000 employees at 423 sites across 42 countries.

Approximately 450 staff are employed at the manufacturing plant in Warrington and a

further 80 in the Research and Development Department in Widnes. They are

committed to the Chemical Industries Association's Responsible Care Programme

which requires written commitment to a series of guiding principles and the annual

submission of environmental performance data. During the late 1980s and early

1990s some of the initial aspects of an EMS were established, including a policy

statement, employee training and a seven year improvement programme. The site is

certified to the quality standard ISO 9002 and is committed to Total Quality

Management and Investors in People.
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Some 50,000 tonnes of hydrogen peroxide is manufactured per annum, representing

80% of the UK market. Approximately 15,000 tonnes is sold in a variety of strengths

as a bleaching agent used in paper and textiles, effluent treatment and gas scrubbing.

The remainder is converted on site into three products, persalts, peracetic acid and

caprolactone. Persalts is a generic term describing percarbonate and perborate

compounds. The three types manufactured on site are all white crystalline powders.

They are used as bleaching agents in laundry products, household cleaning products,

cosmetic products, textile bleaching and other applications. Peracetic acid is a

powerful biocidal against viruses, bacteria, moulds, yeasts and algae. The trade name

"proxitane" is used in brewing, dairy and food industries as a disinfectant or sterilant.

Caprolactones have a wide range of applications because of their versatility. They add

strength, resistance and flexibility to polyurethane elastomers. They also improve the

manufacturing processes by ensuring consistent reactivity, low viscosity, high purity

and ease of processing.

Environmental management at Solvay Interox Ltd is the responsibility of the

Environment Group, part of the Technical Department. It consists of five full-time

employees, the Senior Environmental Advisor, the Environmental Officer, the

Environmental Investigations Officer and two contract environmental engineers. The

primary role of the Senior Environmental Advisor and the Environmental Officer is the

provision of advice and support to the manufacturing plants regarding environmental

legislation. The Environmental Investigations Officer is responsible for undertaking

technical activities including the monitoring of atmospheric emissions and liquid

effluent. At the time of the research his major responsibility lay in the management of

a ground decontamination team consisting of the two contract engineers plus external

consultants.

6.3. MOTIVATION FOR ADOPTING BS 7750

Pressure on the company to improve its environmental performance increased

significantly during the late 1980s and early 1990s. In 1990 legislation affecting the

company's activities substantially increased with the publication of the Environmental

Protection Act which required four of the site's processes to be regulated under

Integrated Pollution Control (IPC). Two prosecutions in the early 1990s for accidental
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pollution of adjacent water courses increased the company's motivation to improve its

environmental control. In addition the local residential community was becoming

increasingly concerned over issues such as traffic movements, noise and odours.

Complaints were regularly received and plans to build a new caprolactone plant

resulted in demonstrations and adverse press responses. The number of

environmental enquiries from customers was also increasing. Senior management

considered the adoption of a recognised EMS would improve process control and

legislative compliance whilst addressing stakeholder's concerns.

6.4. SITE DESCRIPTION

The 50 acre site is situated between the Mersey Estuary and the Manchester Ship

Canal, adjacent to a residential area of Warrington (Figure 6.1). It is divided into four

manufacturing processes, the Auto-Oxidation (AO) Plant, the Caprolactone (Capa)

Plant, the Persalts Plant and the Peracetic Acid (PAA) Plant.

Figure 6. 1: Site diagram of Solvay Interox Ltd
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The manufacturing plants are supported by a gas fired boiler house, a laboratory

block, a de-mineralised water plant (DMW), an office block and several dedicated

storage areas. The four manufacturing processes and the boiler house are all

prescribed as Part A, for regulation under Integrated Pollution Control (IPC), by the

Environmental Protection (Prescribed Processes and Substances) Regulations 1991.

In 1993 detailed applications, specifying environmental releases and current operating

procedures, were submitted to Her Majesty's Inspectorate of Pollution (HMIP).

Authorisations were issued for each process specifying process improvements and

emission limits for releases to air and water.

The site has three consented routes for the discharge of liquid effluent. A direct

discharge to the River Mersey plus two trade effluent discharges to the foul sewer

system. The sewer discharge runs to the Warrington North Treatment works for

primary treatment prior to discharge to the River Mersey. The discharge direct to the

River Mersey is regulated by the National Rivers Authority and the release to sewer by

North West Water.

6.5. PROCESS DESCRIPTIONS & ENVIRONMENTAL IMPACTS

6.5.1 The Auto-Oxidation Plant

Hydrogen peroxide has been manufactured by the Warrington site since 1960 (Figure

6.2). AlkyI anthraquinone, dissolved in an organic solvent, is chemically reduced by

hydrogen to quinol. This is oxidised by air in the Oxidiser to regenerate the quinone

and produce hydrogen peroxide as a byproduct. Oxidiser off-gas passes through

carbon adsorption beds to remove solvent before release to atmosphere. Crude

hydrogen peroxide is extracted from the quinone solution, washed with a solvent and

distilled to the required product strength.

Varying percentages of the regenerated quinone solution are fed to reversion systems

to convert any unwanted byproducts back to pure quinone. This process produces a

single phase aqueous, alkaline, tarry liquid waste containing quinone derivatives,

known as AO tars. Because of their alkaline content they are classed as special waste

under the Control of Pollution (Special Waste) Regulations 1980. Disposal involves
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transportation to a licensed treatment plant before final disposal at a fully contained

landfill site.

Figure 6. 2: Process flow diagram for manufacture of hydrogen peroxide at
Solvay Interox Ltd

Solvent for re-use

The reversion process also produces a liquid effluent containing organic species

contributing a chemical oxygen demand (COD). It contains small quantities of

mercury, a prescribed substance for release to water, derived from contaminated raw

materials (Solvay Interox, 1993a). Prior to discharge the liquid effluent passes through

a tilted plate separator to remove free organics. A proportion passes through an air

scrubber to recover volatile organics before the final effluent is discharged. Cooling

water, used in the distillation of the final product, is released to River Mersey. It

contains approximately 100 te/a of hydrogen peroxide which breaks down to form the

environmentally benign products of water and oxygen (Solvay Interox, 1993a).
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The major release to air from the AO process is the emission of approximately 15

tonnes per annum of volatile organic compounds (VOCs) from the carbon beds plus

their release from numerous process vents (Solvay Interox, 1 993a). The substances

emitted, 2-methyl cyclohexyl acetate and aromatic hydrocarbon, are class B VOCs

under the HMIP classification of organic compounds (Solvay Interox, 1 993a). These

are less environmentally damaging than class A compounds. A significant quantity of

hydrogen peroxide, not a prescribed substance for release to air, is also released from

numerous process vents (Solvay Interox, 1993a).

6.5.2 The Caprolactone Plant

The previous owners of the site, Laporte Industries, produced the two raw materials for

caprolactone, cyclohexanone and hydrogen peroxide, and moved into caproactore

production in 1960. A small pilot plant progressed to the design and construction of

the full-scale plant on the Warrington site in 1974. it produced caprolactone monomer

and low molecular weight polymer. The manufacturing plant for high molecular weight

polymers came on-line in 1985. The monomer is a clear, odourless liquid whilst the

polymer is an opaque solid.

The continuous caprolactone monomer process is divided into four sections (Figure

6.3). The "100 section" produces peracetic acid from hydrogen peroxide and acetic

acid catalysed with sulphuric acid. This is distilled and fed to the "200 section" where it

is reacted with cyclohexanone to produce caprolactone. The "300 section" separates

unreacted raw materials and reaction by-products by distillation to give virtually pure

caprolactone monomer. Unreacted raw materials and reaction by-products are

processed in the "400 section" to form re-usable acetic acid and cyclohexanone. The

solid by-products, "capa residues", are collected for landfill.

The acidic process effluent, containing low concentrations of organic compounds, is

neutralised by sodium hydroxide prior to discharge to the sewer system. Mercury

contamination of sodium hydroxide results in small quantities, 17g per annum or a

concentration of 0.06 ppb, of mercury being discharged (Solvay Interox, 1 993b).
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Figure 6. 3: Flow diagram for the manufacture of caprolactone at Solvay Interox
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Releases to air from the cyclohexanone process consist of approximately 0.5 tonnes a

year of VOCs (Solvay lnterox, 1 993b). The majority results from off-loading road

tankers by pressurised discharge. The main compounds released are acetic acid,

cyclohexanone and caprolactone monomer. These substances are considered to be

the less damaging class B VOCs (Solvay Interox, 1993b).

6.5.3 The Persalts Plant

The plant to produce sodium perborate tetrahydrate (PBS-4) was built in 1958. In

1977 the production of sodium percarbonate (P08) was transferred to Warrington from

the Luton site. Production line 1 produced PCS and lines 2,3 and 4 PBS-4. Later line

2 was decommissioned leaving only two lines for PBS-4 production. In 1990 the
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Persalts Monohydrate plant was commissioned to produce perborate monohydrate

(PBS-i).

The PBS-4 plant produces approximately 3,600 tonnes of product per annum (Figure

6.4). An ore containing boron, known as "tincal", is reacted with 47% sodium

hydroxide to produce sodium metaborate solution (MBS) which is pumped to settling

tanks. This extracts the boron from the ore resulting in sludge formation for disposal

by landfill.

Figure 6. 4: Flow diagram for the manufacture of persalts at Solvay Interox Ltd
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The MBS is pumped to dissolution tanks for reacting with hydrogen peroxide. This

involves a two stage stirred reactor system. The heat of the reaction is removed by

glycol coolant circulated through coils in the reactor. Magnesium sulphate, added to

the feed peroxide, stabilises the product and prevents caking. The slurry is centrifuged
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to remove the liquid component, the "mother liquor". This is retained for recycling

although surplus overflows to drain. The solid "wet cake" is fed to two parallel fluidised

bed drier systems. Air for drying is heated using low and intermediate pressure steam.

Dust laden air resulting from the drying process is passed through cyclones and a

scrubber. This results in the release of 4 tonnes of particulates per annum to

atmosphere. Surplus mother liquor from centrifuges, well water from the line 3 wet

scrubber and factory floor washings mix in the drains before discharge to the River

Mersey.

6.5.4 The Peracetic Acid Plant

Peracetic acid was first prepared on the Warrington site in 1956. Product is

manufactured continuously as well as in one tonne batches. The batch process

involves the addition of de-mineralised water to a reactor before the carefully controlled

addition of glacial acetic acid and hydrogen peroxide (Figure 6.5). Sulphuric acid

catalyst, stabilisers and surfactants are added manually. As the reaction is reversible

mixtures of reactants and products are obtained. This is fed by gravity from the

reactor into containers and stored on site until equilibrium is attained, taking up to five

weeks depending on the grade. As acetic acid freezes at 1800 storage tanks and

pipework are heated with hot water from a tank warmed by low pressure steam.

During bulk production, reactants are added direct to a road tanker and stored on site

until the product reaches equilibrium. This method of production is suitable for only a

limited range of grades due to hazard considerations.

Approximately 4 tonnes per annum of acetic acid and peracetic acid, classified as

Class B VOCs, are released from the reactor and vessel vents (Solvay lnterox,

1993a). Small quantities of hydrogen peroxide vapour, not a prescribed substance for

release to air, is also released from process vessels and storage tanks.

The main effluent source is the discharge of approximately 5kg of product remaining in

the reactor after every batch (Solvay lnterox, 1 993a). It is discharged to surface water

drains where it mixes with other site effluents prior to a consented discharge to the

River Mersey.
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Figure 6. 5: Flow diagram for the manufacture of peracetic acid at Solvay Interox
Ltd

______ RAW MATERIAL I
Steam

STORAGE	
VOCs to Air

PACKAGING	 Waste
Packaging to
Landfill

Peracetic Acid Product

6.5.5 The Boiler House

The Boiler House was Converted from coal to gas in 1995 and is currently operated by

BP Energy through a contractual agreement. The combustion plant comprises of two

natural circulation boilers with a net rated thermal input of 70 MW. The boilers supply

steam, at a pressure of 2,500 kPa and a temperature of 38000, for use in the

manufacturing processes and space heating (Solvay Interox Ltd, 1994a). A small

amount of electricity is produced by a steam turbine generator.

Each boiler is able to run on both oil and natural gas. This enables the plant to

automatically switch to oil n the event of an interruption to the gas supply. Natural gas
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is piped onto site whilst gas oil is stored in a 452m3 bunded tank from where it is

pumped to the burners (Solvay Interox Ltd, 1 994a).

Combustion results in flue gas releases of sulphur dioxide, oxides of nitrogen, carbon

dioxide and carbon monoxide. Liquid effluents, consisting of boiler blowdown water

and effluents from the site Demineralised Water Plants, are collected in the drainage

system where they mix with effluents from the other manufacturing plants prior to

discharge to the River Mersey.

6.6. MANAGEMENT PRACTICES PRIOR TO BS 7750

A review of existing activities against the requirements of BS 7750 identified many

elements of an EMS to be in place (Table 6.1). Substantial environmental information

was available and the Environment Group had a good understanding of legislation and

the environmental impacts of the company's activities. Three IPC applications had

recently been submitted to HMIP containing details of environmental effects and

management practices. A draft IPC application had also been prepared for the a

fourth plant should it become subject to IPC in the future. In addition Anglo Baltic

Consultants carried out a substantial loss minimisation review of the processes in

1990. An environmental policy, objectives, improvement programme, environmental

training and several environmentaJ procedures had been established by 1994.
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Table 6. 1: Position of Solvay Interox Ltd compared to BS 7750 in April 1994

BS 7750 Requirement	 Existing Position

Environmental management system	 Some documented procedures

Environmental policy 	 Policy & philosophy developed in 1992

Responsibility, authority and resources Responsibilities not formally documented

Verification resources and personnel 	 Verification requirements identified

Management representative	 No management representative assigned

Personnel, communication and training Some ad-hoc training provided although no
formal analysis of needs or training plan

Contractors	 Engineering procedures covered contractor
control.

Communications	 Procedures for customer enquiries and
environmental complaints in place.

Environmental effects evaluation	 Environmental effects of accidental releases
had been identified and assessed.

Register of regulations 	 No documented register or procedure.

Objectives & targets Objectives included in environmental
reports and target dates for improvements
had been developed.

Management programme	 IPC improvement programme had been
developed and agreed with HMIP.

Manual Responsible Care & Loss Prevention
manual covered some elements of
environmental management.

Documentation	 Document control procedures were in place
for ISO 9000.

Control	 Standard operating procedures were in
place for ISO 9000.

Records	 Records were kept although there were no
procedures for record keeping.

Audits	 Checklists for environmental auditing had
been developed.

Management reviews	 No formal review of the system
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6.7. IMPLEMENTATION OF BS 7750 / ISO 14001

The first stage in the implementation of a formal EMS was to develop a project plan

(Appendix 2.1). Timescales were based on urgency rather than their order of

appearance in BS 7750. A team, established in October 1994, met over two years to

review progress with EMS implementation and investigate how business management

systems could be integrated. The Health, Safety and Environmental Integration Group

and consisted of six staff:

• The Technical Manager

• The Senior Environmental Advisor

• The Safety Services Manager

• The Senior Hazards Advisor

• The Technical Department Quality Advisor

• Teaching Company Associate

6.7.1 Preparatory Environmental Review

BS 7750 and ISO 14001 recommend an environmental review only where there is no

existing EMS in place (Chapter 4). As Solvay lnterox had a good understanding of

their environmental impacts and position with regards to legislation there was little

added value in carrying out a full environmental review. This will be the case for many

larger companies, especially those who have been required to submit detailed IPO

applications. To ensure awareness of the information available it was necessary to

collate data for use during the project.

6.7.2 Environmental Management System (BS 7750 Clause 4.1)

The first specific requirement of BS 7750 and ISO 14001 is for the preparation and

implementation of a system of documented procedures and instructions (Chapter 4).

In 1992 the Environment Group established procedures for responding to

environmental complaints and enquiries. In 1993 they issued an Environmental

Hazards Management Manual containing procedures for handling environmental
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releases, tanker deliveries and waste disposal (Solvay Interox Ltd, 1993e). In the

same year procedures for environmental process hazard reviews and waste

minimisation reviews were written by the Technical Manager (Solvay Interox Ltd,

1993c and 1993d).

To meet the EMS standards the existing system of procedures and instructions

required expansion and consolidation. A decision was required regarding potential

integration with the existing ISO 9002 quality system or the Responsible Care and

Loss Prevention (RCLP) system for health and safety. An alternative would be to have

the EMS as a separate stand-alone system.

The ISO 9002 system, consisting of a policy, a management manual, general

procedures and standard operating procedures (SOPs), was coordinated by the

Quality Manager. There was scope to utilise the general procedures covering

elements common to BS 7750, including training, document control, auditing and non-

conformances. The plant specific operating procedures would also form part of the

EMS as they covered activities such as process monitoring and calibration.

The Safety Manager had made significant progress in documenting a Responsible

Care & Loss Prevention (RCLP) system for health, safety and environmental

management. This consisted of a management manual plus specifications for the 21

elements of the International Safety Rating System (see Goodchild, 1994) (DNV,

1994). Health and safety formed the focus of the RCLP system which consequently

had substantial weaknesses compared to BS 7750.

Initially the Health, Safety and Environment Integration Group planned to integrate ISO

9002, BS 7750 and RCLP into one system. Concern was expressed over whether the

profile of health, safety and environment would be sufficiently high should it be

integrated with the quality system. The ISO 9002 system was well established and

understood. Any substantial change would be difficult to implement and require

substantial staff training to ensure quality levels were maintained. In January 1995 the

company decided to operate the ISO 9002 and RCLP systems separately with the

EMS incorporated into the RCLP system. Established quality techniques for document

control, training, non-conformance reporting and auditing would be utilised by the
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LEVEL 2
RCLP SPECIFICATIONS &
GENERAL PROCEDURES

Issued Sept96

RCLP system. At an operational level each plant's standard operating procedures

would cover all business elements including quality, health, safety and the

environment.	 The revised structure of the RCLP system consisted of four

documentation levels, incorporating all existing health, safety and environmental

procedures including the Environmental Hazard Procedures Manual and CQSHH

Manual (Figure 6.6).

Figure 6. 6: Revised system structure for the Responsible Care & Loss
Prevention (RCLP) management system at Solvay Interox Ltd (Solvay Interox
Ltd, 1996a)

LEVEL 0

General procedures required across
the site including:

- New Legislation Procedure

- Employee Induction Procedure

- Employee Training Procedure

RCLP POLICY

RCLP MANUAL

- - Issued Jan 96

.	 -Issued Sept96 LEVEL I

LEVEL 3

PLANT SOPs & TASK	 HAZARDS GROUP	 ENVIRONMENTAL GROUP	 ENVIRONMENTAL HAZARD
INSTRUCTIONS	 PROCEDURES MANUAL 	 PROCEDURES MANUAL	 PROCEDURES MANUAL

DevelopedbyPlantsand
constantly updated.	 Procedures required only by Environmental Group:	 • Environmental procedures needed on Plant:

- Emission Inventory Procedures	 - Bund Emptying Procedures

- Environmental Etfects Assessment Procedures	 - Accidental Releases Procedures
Procedure: needed only	

- Environmental Auditing Procedures 	 - Performance Measures & Targets Procedure

- Environmental Objectives Procedure 	 - Operational Control Procedure

- Environmental Improvement Programme Procedure

New or revised documents issued for BS 7750

6.7.3 Environmental Policy (BS 7750 Clause 4.2)

The existing environmental policy, developed in 1992, contained several weaknesses

compared to BS 7750 (Figure 6.7). There was no commitment to continual

improvement or to making environmental objectives publicly available. In addition the

policy had not been widely publicised and few employees were aware of the contents

(pers. comm. McDonagh, 1994).

196



A revision of the environmental policy began in January 1995, several months after the

start of the project. As BS 7750 required consistency with the Solvay Group's

Responsible Care Policy (Figure 6.8), the impacts of distribution, use and final disposal

of products and communicating openly with external parties needed to be addressed.

Figure 6. 7: Solvay Interox's 1992 environmental policy (from Solvay Interox Ltd,
1994b)

• Solvay Interox Ltd is committed to an active and ongoing plan to reduce
waste at source. "Waste" embraces chemicals lost from processes to river,
to sewer, to the atmosphere, to landfill and to incineration, noise and energy.

• We actively and continuously consider all available options for the recycling
and re-use of waste, on site and off site.

• We consider disposals of waste to sewer, river, atmosphere or land as the
last resort to be implemented. In this case, effective engineering control
measures, procedural controls and monitoring systems shall be employed to
ensure that such disposal causes the least practical impairment to the
environment and conforms to nationa' and local regulations.

• We recognise the importance of fostering good relationships with local
residents and therefore aim to cause them no offence by our activities.

+ We will co-operate in an official and positive manner to all requests for
information and advice from the public and from environmental pressure
groups.

• We will provide appropriate advice to customers on safe handling, use and
disposal of the company's products.

• We will promote research into the development of environmentally sound
processes and products.

• Our environmental policy will be reviewed at least annually.

Employee commitment and involvement was considered essential. Key members of

staff were interviewed and invited to suggest improvements to the 1992 policy. The

general consensus was that it required summarising and additional commitments

adding for suppliers and contractors; training and communications; setting

performance targets and publishing progress against objectives.
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Policies from other companies were used to develop a checklist of issues requiring

consideration (Appendix 2.2). This was completed with managers to ensure matters of

importance were not overlooked. For each proposed commitment it was ensured that

evidence was available to demonstrate compliance to external assessors.

Figure 6. 8: Solvay Group's Responsible Care Policy (Solvay Interox Ltd, 1994b)

• To apply a formal policy for protecting man and the environment, defined at
the highest level and supported by all concerned.

• To take into account what happens to our products after use.. To encourage
recycling and promote correct disposal.

• To continue reduction of the impact of production facilities on the
environment.

• To assess the situation and quantify the progress made in protecting and
mastering the risk of accidents.

• To participate in defining future objectives and in developing standards.

• To ensure that the effects of our end products, their distribution and their
use is quantified and positive as far as people and the environment are
concerned and that the adverse effects are minimal.

• To provide information on matters affecting health, safety and the
environment in a spirit of open dialogue and mutual respect.

The revision of the policy raised the key issue of whether to integrate it with the quality

or health and safety policies. Initially a separate policy emerged but it became

apparent that the majority of commitments could also be applied to health and safety.

This was particularly relevant as the health and safety policy also required updating, it

still bore the name of the previous owners "Laporte". In comparison the quality policy

was well established and much effort had been dedicated to ensuring employees

understood its contents, It would be more efficient to develop an integrated health,

safety and environment policy to run in parallel with the quality policy. This would

minimise effort, make the most efficient use of resources and be consistent with the

CIA's Responsible Care Guiding Principles. The new combined policy was published

in January 1996 (Figure 6.9) approximately a year after the first interviews. The time
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taken to achieve agreement in a large organisation was offset by the benefits of many

people being involved, increasing ownership and awareness.

Figure 6. 9: Solvay Interox's Responsible Care & Loss Prevention Policy for
Health, Safety and the Environment (Solvay Interox Ltd, 1996a)

Solvay Interox Ltd is committed to continuous improvement of its performance as a
responsible and environmentally caring organisation in line with the SOLVAY Group's
"Responsible Care" principles.

Our policy is to:

Ensure that health, safety and environmental matters will always be a high priority

Provide and maintain safe and healthy working conditions, equipment and systems of
work for all our employees in an environmentally acceptable manner with minimum risk
to health and to protect others who may be affected by our activities.

Comply with and where appropriate exceed the requirements of all relevant laws,
regulations and codes of practice.

Practice the efficient use of materials and natural resources by applying the best
practicable options to all our activities.

Understand and assess the risks of our activities and control them to prevent undue risk
to mankind or the environment.

Promote cooperation and good communication between and at all levels in the Company
to ensure that everyone enjoys a safe and healthy workplace.

Ensure our employees and contractors have appropriate supervision, experience and
training to enable them to competently meet their responsibilities in safeguarding the
environment, the health and safety of themselves and others affected by their actions.

Set demanding targets and routinely measure our performance in health, safety and the
environment. Publish progress against our objectives.

Provide information for employees, our neighbours, the public and appropriate
authorities by regular liaison through a spirit of open dialogue and mutual respect paying
special attention to address their concerns.

Promote the environmentally beneficial applications of our products. Advise and
educate customers in their safe use, transport, storage and disposal.

Encourage our suppliers, contractors and customers to apply health, safety and
environmental standards equivalent to our own.
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A later review of the policy in September 1996 concluded that no changes were

required to meet ISO 14001. As required a commitment to comply with all relevant

laws, regulations and codes of practice had been included. The statement to

understand, assess and control environmental risks was considered sufficient to meet

ISO 14001's requirement to include a commitment to the prevention of pollution.

6.7.4 Organisation and Personnel (BS 7750 Clause 4.3)

Environmental responsibilities were clearly understood although, with the exception of

those included in procedures and job descriptions, they had not been formally

documented. The Environment Group was responsible for providing support and

advice to the manufacturing areas regarding environmental protection and legislation.

At an operational level responsibility for the implementation of procedures and

guidelines lay with the Plant Managers and Team Leaders. The majority of

environmental monitoring was carried out by the laboratories although in some cases it

was completed by the individual plants.

Each procedure developed for the EMS specified responsibilities which were

summarised in the Management Manual (Chapter 6.7.10) (Solvay Interox Ltd, 1996a).

The Senior Environmental Advisor was designated as the Management

Representative responsible for ensuring that the requirements of BS 7750 were

implemented and maintained.

The integration of health, safety and environmental systems raised issues over

responsibilities for maintaining the integrated documentation. As a temporary measure

a contractor was used for this purpose, although in the long-term responsibilities for

reviewing and updating documentation would need to be clearly defined.

Mechanisms previously adopted for environmental training included on site training

modules, team meetings and promotional activities. Courses had been organised on

general environmental awareness, IPC and environmental auditing. To date this had

largely been delivered as required, rather than in accordance to a specific training plan

or training needs analysis (pers. comm. McDonagh, 1994).
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To meet BS 7750 a formal assessment and documentation of training needs was

required. A matrix of job descriptions against training needs formed the basis for

future training initiatives (Appendix 2.3). Procedures specified the responsibilities and

timescales for analysing training needs and delivering training. They also required an

environmental information pack to be explained to each new employee during their

compulsory safety induction within the first week of employment. This contained

information on environmental hazards on site and emergency responses. The policy

and environmental objectives (Chapter 6.7.8) were included with details of the previous

years performance.

The activities of contractors working on site were already carefully controlled by the

Engineering Department. The CDM Regulations 1993 require a safety case to be

established for all new developments. The substantial Site Safety Procedures and

Regulations for Contractors Working on the Warrington Site included instructions on

waste handling and emergency plans. The associated procedure, Safety Induction for

Contractors, required all contractors to be shown a video explaining how to handle

spills of chemicals. This information was also included in the Contractor and

Employee Safety Handbook given to every contractor on site. Contractors were

required to sign to verify they had attended the induction and understood its contents.

A review of these existing procedures considered them sufficient to meet BS 7750 in

ensuring that contractors met the requirements of the EMS.

6.7.5 Communications (BS 7750 Clause 4.4.1)

Procedures had been established in 1992 for recording and responding to

environmental complaints and requests for environmental information. These were

effective in ensuring complaints were investigated and corrected, and feedback

provided to the complainant. To ensure compliance with BS 7750 these procedures

were reviewed and updated as necessary. An additional procedure was established

for undertaking an annual analysis of complaints as a mechanism for measuring

environmental performance (Solvay Interox Ltd, 1996b).
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Impossible:

Unlikely:

Possible:

Even chance

Probable:

Likely:

Certain:

Score

0

1

2

5

8

10

15

Description

cannot happen under any circumstance

though conceivable

but unusual

could happen

not surprised

only to be expected

no doubt

6.7.6 Environmental Effects Evaluation and Register (BS 7750 Clause 4.4.2)

A substantial volume of information on environmental effects was readily available.

IPC applications detailed environmental releases, storage facilities and resource

consumption (Chapter 6.6). In addition, effluent streams and air releases were

routinely monitored to meet legislation. In 1993 detailed environmental process hazard

reviews identified and assessed the risk of accidental releases from valves, vents and

spills. These identified potential releases to all environmental media and quantified

their probability, frequency, severity and consequence (Table 6.2-6.5).

Table 6. 2: Scoring the probability of an event becoming an environmental
hazard/release (PER) at Solvay Interox Ltd (Solvay lnterox Ltd, 1993c)

Table 6. 3: Scoring the frequency of an event occurring (FE) at Solvay Interox
Ltd (Solvay lnterox Ltd, 1993c)

Score	 Description

0.1	 Infrequently

0.2	 Annually

1 .0	 Monthly

1.5	 Weekly

2.5	 Daily

4	 Hourly

5	 Constantly
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Table 6. 4: Scoring the severity of an environmental hazard / release (SER) at
Solvay Interox Ltd (Solvay Interox Ltd, 1993c)

Score	 Description

	0.1	 Trivial releases to all environmental media or minor (based on cost of
materials and disposal) releases contained.

0.5 Releases resulted in slight breach of consent limits (to all environmental
media) with respect to both quantity and time or major (based on cost
of materials and disposal) releases contained.

	

1	 Nuisance releases resulted in affecting neighbours.

	

2	 Releases of dissolved chemicals resulting in severe breach of consent
limit for surface waters or air respectively.

	

4	 Releases of separate phase chemicals resulting in severe breach of
consent limits for surface waters and air respectively.

	

8	 Releases causing permanent environmental damage (eg inorganics,
metals in the environment or chemicals/oils in the ground).

	

15	 Releases of listed hazardous (toxic, flammable) chemicals to all
environmental media.

Table 6. 5: Scoring the consequences of an environmental hazard / release (EER)
at Solvay Interox Ltd (Solvay Interox Ltd, 1993c)

Score
	

Description

0	 Releases contained within the site.

2	 Releases reaching site's boundaries

4	 Chemicals reaching distances of up to 1 miles from the site's boundaries.

8	 Chemicals reaching between 1-3 miles or liquid releases to shallow
groundwaters.

12	 I Chemicals reaching over 3 miles or liquid releases to deep groundwaters.

NOTE: Distances are measured to the furthest point in the path of the re)ease, at which
the concentration of chemicals is such that they cannot threaten the life or health of
any living creature or they cease to be a nuisance to neighbours.

The product of the four values gave an environmental hazard rating number (EHRN)

indicating the overall degree of environmental risk. Hazards were classified according

to their EHRN (Table 6.6).

(EHRN) = (PER) x (FE) x (SER) x (EER)
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Table 6. 6: Categories of environmental risk at Solvay Interox Ltd (Solvay Interox
Ltd, 1993c)

Environmental Risk	 EHRN

Acceptable	 0-1

Very low	 1-5

Low	 5-10

Significant	 10-50

High	 50-1 00

Very High	 1 00-500

Extreme	 500-1000

Unacceptable	 over 1000

The number of potential release situations illustrates the complexity of the site's

operations. Over a thousand environmental risks, including 372 potential failure

situations on the caprolactone plant alone, were identified and assessed. This led to

the prioritisation of 63 improvement projects, totalling a capital expenditure of

£1,600,000 to be implemented during the period 1994-1998.

Also in 1993, over a year before commencement of the EMS project, extensive

reviews of waste streams, including emissions to air, releases to water, solid waste

and resource consumption, had been completed for each process. Several hundred

waste streams were identified across the site, including 53 on the persalts plant.

These were prioritised according to their cost implications.

The environmental process hazard reviews and waste minimisation reviews

demonstrate that substantial resources had been assigned to identifying environmental

risks and releases prior to BS 7750. These contributed towards meeting the

environmental effects requirement of the standard but did not cover all the necessary

elements (Chapter 4). The environmental process hazard reviews were effective in

assessing the risk of accidental releases and waste minimisation reviews identified

opportunities for cost savings. Neither system addressed the risks from normal

activities, such as routine emissions, past activities or planned activities. Resource
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consumption, nuisance and indirect effects from suppliers, customers, contractors,

products and transport had also not been included.

The methodology for assessing accidental releases could not be applied to less

tangible effects which were not associated with the accidental release of chemicals.

An alternative system was required to identify and assess effects not previously

covered by the environmental process hazard reviews.

It was necessary to test different techniques to determine one applicable to the diverse

range of effects. Risk assessment, based on probability and consequence, is often

used to assess effects (Chapter 4 and 5). In this case, as the scope was limited to

normal operating conditions, the probability is certain and the assessment needed to

focus purely on the consequences. It was decided to experiment with different

methodologies using the caprolactone plant as a trial.

A list of direct and indirect environmental effects resulting from the normal operation of

the process was compiled as required by BS 7750. This included emissions to air,

releases to water, solid waste, contamination of land, resource consumption and

nuisance. A checklist of four criteria defined significant effects as those subject to

regulatory control, a policy commitment, attracting complaints or likely to involve a

commercial or financial threat. As the majority were either subject to a policy

commitment or controlled by legislation a large number were identified as significant.

The weakness of this technique was its failure to differentiate between their relative

significance. As the policy contained a commitment to reduce waste and increase

recycling this implied all waste generated was equally significant regardless of the

quantity or toxicity of the substance. An additional weakness was that effects meeting

legislative requirements and those causing a breach of the law were both considered

to be equally significant.

Effects required rating to determine their relative significance. The second

methodology involved scoring from 1 to 10 against the potential to breach legislation;

cause complaints or concern of stakeholders; involve a commercial or financial threat

to business security and cause environmental damage. Rating the environmental

consequence involved consideration of the quantity released, toxicity of the substance
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and disposal route. The overall significance was derived from the product of the

individual scores and effects rated on a scale of 1 - 10,000.

A problem with this technique was that effects with a high score in only one category

where not considered to be significant. A breach of a consent would score 10 on the

legislative category but possibly as little as 1 for the others, giving a score of 10 from a

maximum of 10,000. This misleading rating detracted from the severity of the effect.

The methodology was amended to ensure that if a high score occurred in any of the

categories the overall rating would be high. The subsequent procedure for assessing

effects was divided into three stages (Solvay Interox Ltd, 1 996b) (Figure 6.10).

Stage 1: Identification of Environmental Effects

The site was split into six areas including a general area covering activities not

associated with a particular process including engineering, maintenance, utiHties,

offices, support activities and transport (Table 6.7). Details of emissions to air,

releases to water and waste were obtained from information routinely compiled by the

Environment Group including returns to the Solvay Group Head Office (DCT), HMIP

and the Chemical Industries Association (CIA). Consumption of raw materials, energy

and water were obtained from the annual accounts produced by the Finance

Department.

Table 6. 7: Division of site for environmental effects assessment

1. Auto-Oxidation Plant (including Crude, New DMW, Tank Farm)

2. Caprolactone Plant

3. Peracetic Acid Plant

4. Persalts Plant

5. New Boiler House (including Old DMW)

6. Site General
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The complexity of the plant and operations required the scope and boundaries of the

effects assessment to be clearly defined. Numerous existing and potential release

points had been identified during the environmental process hazard and waste

minimisation reviews. On the AO Plant alone over 450 vents emitted substances

routinely to atmosphere (Solvay Interox, 1 993a). This necessitated emissions to be

split into manageable units which could be easily compared to legislative limits. This

meant that each effect may be derived from numerous individual emission sources.

Besides defining the level of detail of the effects assessment it was also necessary to

define which effects to incorporate. The terminology of BS 7750 gives implementing

organisations flexibility in drawing the boundaries of their system (Chapter 4). It is at

their discretion to decide which effects they are able to control or be expected to

influence. This requires consideration of the aims of the system and overall strategy of

the company (Chapter 4). The system at Solvay Interox was largely aimed to minimise

liabilities and ensure compliance, the assessment needed to focus on direct effects.

Longer term issues such as the design of products and the activities of customers

were noted but not investigated in any detail at this stage.

Stage 2: Assessing the significance of environmental effects

A technique for monitoring environmental performance developed by Rhone Poulenc

and endorsed by the Chemical Industries Association, Environmental Indexing (C.I.A

1995), was used routinely at Solvay Interox. It was expanded to evaluate the

significance of all emissions to air, releases to water and waste. The quantity of the

substance released is multiplied by a subjective "gross factor" based on toxicity and

disposal route (Appendix 2.4).

Significance = Tonnes I year x Gross Factor

This gives a "weighted release" which determines the significance of the different

discharges. The sum of the individual weighted releases gave an overall indication of

the impact of the process (Figure 6.11). If this is divided by the quantity of product

produced, periods of plant shut-down are taken into account (Figure 6.12) (Table 6.8).
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This technique is also useful for performance measurement. By repeating the process

each year and comparing results, changes in performance can be monitored.

Figure 6. 11: Total weighted releases (te/a x gross factor)

Capa	 AO	 PAA Persalts Boilers

Figure 6. 12: Total weighted releases per 1000 te of product (Te/a x gross factor /
1000)

Capa	 AO	 PAA Persats
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Table 6. 8: Total annual weighted releases versus production figures (1994)

Process	 Total Weighted	 Production	 Weighted release
Release	 (te/annum)	 per thousand tonne

_________ ________________ _______________	 ofproduct
Capa	 115568	 7,500	 15407
AO	 51352	 27,500	 1974
FAA	 1189	 409	 490
Persalts	 242169	 59,000	 4103

Besides the volume and toxicity of releases any likelihood of infringing legislation

increases their significance. The reactions of the general public, especially local

residents, also contribute towards significance. The quantity and impact of resource

consumption also required consideration. These criteria, together with the weighted

release, were used to rate significance (Table 6.9). Information relating to

environmental effects was consulted during the assessment process (Table 6.10).

Table 6. 9: Determining significance of environmental effects at Solvay Interox
Ltd (Solvay Interox Ltd, 1996b)

RATING	 CRITERIA

High	 High potential to breach legislation

High potential to cause offence to local residents

High level of public opinion

High impact associated with resource usage

____________________ Weighted release score> 10,000

Medium	 Medium potential to breach legislation

Medium potential to cause offence to local residents

Medium level of public opinion

Medium impact associated with resource usage

____________________ Weighted release score 3,000 - 10,000

Low	 No potential to breach legislation

No potential to cause offence to local residents

No level of public opinion

Low impact associated with resource usage

Weighted release score < 3,000
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Table 6. 10: Information used to evaluate significance of effects

• Discharge consents from HMIP and North West Water

• IPC Authorisations (Solvay Interox 1993a, 1993b)

• Hazard ratings of raw materials

• Incident reports

• Environmental complaints

A team of three people consisting of the Senior Environmental Adviser, a placement

M.Sc post graduate and the author met to determine the significance of the company's

environmental effects. A consensus was reached regarding the appropriate

significance rating. This ensured consistency and standardisation of the assessment.

This would also be the case for determining revisions to the register which was to be

reviewed on an annual basis.

The environmental effects register detailed the classification, process area, source,

environmental consequence, size and the significance rating of each effect (Appendix

2.5). Of the 250 effects identified, 22 were rated of high significance and prioritised for

immediate action (Table 6.11) (Chapter 6.7.8 and 6.7.9). The majority of these were

significant due to their potential to breach legislation or cause local residents to be

concerned.

6.7.7 Register of Legislative, Regulatory and Other Policy Requirements (BS
7750 Clause 4.4.3)

The Environment Group, responsible for communicating changes in legislation to the

manufacturing areas, consulted many external business publications to identify

changing legislation (pers. comm. McDonagh). In addition the company's Research &

Development Department, in Widnes, maintained a library of legislation and published

monthly updates.
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Table 6. 11: Environmental effects of high significance at Solvay Interox Ltd

Area	 Effect	 Explanation

Capa Plant	 Flow rate of process effluent	 Potential to cause a breach of
discharge consent

Capa Plant	 Production of caprolactone residue Weighted Effect> 10,000
waste

AO Plant	 Chemical oxygen demand (COD) of Weighted Effect> 10,000
process effluent

AO Plant	 pH of process effluent	 Potential to cause a breach of
__________________________________ discharge consent

AO Plant	 Production of AO tar waste 	 Weighted Effect> 10,000

AO Plant	 Potential ground contamination 	 Potential to cause a breach of
____________ __________________________________ legislation.

Boiler	 Carbon dioxide release to air	 Weighted Effect> 10,000
House

Boiler	 pH of effluent from old DMW Plant 	 Potential to cause a breach of
House	 discharge consent

Boiler	 Potential leaking effluent pit	 Potential to cause ground
House	 contamination and breach

_____________ ___________________________________ legislation.

PAA Plant	 VOCs from transfer and bulk Potential to attract complaints due
storage tanks	 to pungent odour.

PAA Plant	 Reactor dump during potential Potential to cause a breach of
emergency situations	 discharge consent

Persalts	 Production of tincal sludge 	 Weighted Effect> 10,000
Plant

Persalts	 Suspended solids in PCS Effluent 	 Potential to cause a breach of
Plant	 discharge consent

Persalts	 Alkalinity of PBS Effluent	 Potential to cause a breach of
Plant	 discharge consent

Persalts	 Noise from dryers	 Potential to attract complaints
Plant

Site General HGV movements on Taylor Street 	 Potential to attract complaints

Site General Accidental releases from tanks, Potential to cause a breach of
pipes etc due to tack of containment discharge consent

Site General Accidental releases from tanker Potential to cause a breach of
_____________ loading/off loading activities 	 discharge consent
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The Environment Group's understanding of legislation and their responsibility to keep

abreast of changing legislation needed documenting to comply with BS 7750 (BSI,

1994a). The complexity of the site operations meant that a substantial quantity of

legislation governs the processes. A comprehensive review identified 110 pieces of

legislation (supported by 50 guidance documents from HMIP, NRA, DoE, HSE)

relevant to the company's activities. Copies of over 30 Acts and Regulations, not

previously owned by the Environment Group, were obtained from the Research and

Development Department. The Planning Department, at the Local Authority, were

contacted regarding planning permissions relevant to the site. Since its establishment

in the 1950s Solvay Interox had been granted 113 permissions. These sometimes

contained environmental requirements, such as noise restrictions and the shielding of

new developments with trees.

A register was required by BS 7750 to summarise each legislative, regulatory and

policy requirement. It detailed the responsibilities imposed and the relevant site

activities (Appendix 2.6). A member of the Executive Committee, with overall

responsibility, and a co-ordinator, with operational responsibility, were defined for each

requirement. Their responsibilities were detailed in a supporting procedure to ensure

regular updating of the register and to specify the arrangements for dealing with new

legislation (Figure 6. 10) (Solvay Interox Ltd, 1996b).

The integrated nature of health, safety and environmental systems meant the

procedure also applied to health and safety legislation. The compilation of these

registers was the responsibility of the Safety and Hazards Departments. Each register

required updating annually with changes being recorded on an ongoing nature as they

were identified.
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Figure 6. 13: Procedure for introducing new legislation or policy at Solvay
Interox Ltd (Solvay Interox Ltd, 1996b)

New legislation or
policy requirement

HSE Co-ordination Group
(HSECG) reviews requirements

and relevance to business

Responsible executive
and co-ordinator proposed

Co-ordinator obtains a copy of
new legislation or policy

reauirement

'Co-ordinator assesses measures'
required to comply with resources

needed

Proposal received by HSECG
and passed to Executive

Proposals ratified by Executive and
availability of resources confirmed

Project Leader & Sponsor
Appointed

Issue Green Flier to Notice
Boards

Guidance Prepared for Implementation
by Line Management

	

Issue Green Flyer 	 ( Brief to Line

	

L to Notice Boards	 L	 Manaciers
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6.7.8 Environmental Objectives & Targets (BS 7750 Clause 4.5)

Environmental objectives were first identified in 1993 for publication in the first issue of

the environmental report (Figure 6.14) (Solvay Interox Ltd, 1994b). They were

supported by a seven year improvement programme containing timescales but no

quantified performance targets. They were updated in 1996, after completion of the

effects assessment, for inclusion in the 1994-6 Environmental Report (Solvay Interox

Ltd, 1996) (Table 6.15) The National Accreditation Council for Certification Bodies

requires all significant environmental effects to be managed within the system

(NACCB, 1 994a). Attention was required to ensure the revised objectives addressed

all effects identified as significant (Table 6.11). The resulting strategic objectives were

broad in nature with each addressing a number of the individual effects. This

prevented a separate objective being required for each effect which would not have

been practicable.

A layered approach was adopted to establish objectives and targets. Strategic

objectives were supported by key targets for 1996-1998, including the commitment to

reduce VOC emissions from the AD Plant by 25% (Table 6.16). At a departmental

level over 60 environmental performance indicators and targets were established

(Table 6.17) (Appendix 2.7). These were agreed with plant managers responsible for

each area and a procedure established for annual monitoring and reviewing.
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Figure 6. 14: Environmental objectives for 1993-4 at Solvay Interox Ltd (from
Solvay Interox Ltd, 1994b).

Environmental Protection

• To eliminate or minimise the risk of accidental chemical releases to the
environment.

• To control effluent to the sewer and waste water to the River Mersey, significantly
within future consent limits.

• To control emissions to the air.
• To eliminate the risk of ground contamination.

Waste Minimisation

To eliminate or minimise all the waste produced.

Waste Management

• To manage waste generated on the site in an effective and efficient manner and in
accordance with the "Duty of Care" legislation.

Legislative Compliance

To comply, as a minimum, with all relevant legislation.

Environmental Training

• To ensure sustainable success in environmental improvement by enhancing
environmental knowledge, experience and involvement of all personnel.

Environmental Management System

• To improve environmental performance and demonstrate compliance with relevant
regulations and stated policies and objectives.

Resourcirig

• To ensure success of the Environmental Improvement Plan by appointing the right
number of personnel with the right knowledge and experience in the Company's
environmental function.

Energy Management

• To manage energy resources efficiently and effectively by minimising, and
therefore conserving, this non-reusable resource.
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Figure 6. 15: Environmental objectives for 1994-6 at Solvay Interox Ltd (from
Solvay Interox Ltd, 1996).

Environmental Protection

• To eliminate or minimise the risk of accidental releases to the environment,
including the risk of ground contamination.

Waste Minimisation & Management

• To manage energy resources and waste generated on site in an efficient, effective
manner, with emphasis on waste minimisation.

Legislative Compliance

To comply with all current and impending relevant legislation.

Environmental Management System

To establish a formal environmental management system.

Environmental Monitoring & Targeting

• To develop a detailed understanding of our processes and activities and their
impact on the environment, hence identifying areas of environmental significance
where improvement is needed.

Communications & Community Relations

• To establish an ongoing programme of local community activities involving liaison
with neighbours, sponsorship and support for schools, charities and environmental
improvement initiatives.

Awareness / Training

• To ensure sustainable success in environmental improvement by enhancing
environmental knowledge, experience and involvement of all site personnel;
developing environmental design standards and exchanging knowledge and
experience on Health, Safety and Environmental matters with other organisatioris.
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Figure 6. 16: Key targets for 1996-8 at Solvay Interox Ltd (Solvay Interox, 1996)

Successful implementation of the £4 million site environmental improvement

programme.

Finalise development of an environmental management system to the British

Standard or International equivalent.

• Completion of new site sewer and full upgrade of North West Water plc's pumping

station to provide treatment of existing and new process effluents and eliminate

nuisance odours arising from the station.

• Establish measures and targets in all relevant areas to ensure compliance with

legislation and continuous improvement in environmental performance.

• Continued development of the community relations programme through resident

liaison meetings, community sponsorship and involvement in local initiatives.

• 25% reduction in volatile organic compounds (VOCs) released to air from the

Hydrogen Peroxide plant.

Table 6. 12: Examples of environmental performance indicators and targets on
AO Plant (Solvay Interox Ltd, 1996a)

Measure	 1996 Target

Compliance with sewer effluent pH consent (from daily spot sample)	 90%

Compliance with sewer effluent flow consent (from flow records) 	 99%

Compliance with IPC limit for carbon bed VOC release (from monthly 	 90%
sample)

Average concentration of VOCs from carbon beds (from monthly samples) 	 <60 mg/I

Tonnes of VOC to air from carbon beds as toluene (from monthly sample) 	 <10 te

IPC Notifications to HMIP	 <3

Environmental complaints related to plant operation 	 0

IPC operator performance rating by HMIP inspections	 80%

Unjustifiable sensitive hour HGV movements 	 None

River effluent consent non-compliance attributable to A0 Plant	 0
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6.7.9 Environmental Management Programme (BS 7750 Clause 4.6)

The initial seven year improvement programme established in 1991 was amended in

1994 to incorporate the requirements of Integrated Pollution Control (IPC). The

resulting £4 million capital programme was designed to achieve legislative compliance

and control both normal and accidental releases (Solvay lnterox Ltd, 1995). Projects

had been identified after consideration of IPC authorisations, environmental process

hazard reviews and waste minimisation initiatives. They included the installation of a

comprehensive river effluent monitoring station to provide continuous monitoring of

consent parameters, with alarm features should effluents exceed consent limits (Table

6.13). The Solvay Group, HMIP and the NRA had agreed the programme and

regularly monitored progress with its implementation.

Many other ongoing improvement initiatives had not been documented. To ensure all

significant effects were managed these needed to be reviewed and monitored. A

programme was developed detailing responsibilities, target dates and status of

environmental projects (Appendix 2.8). The complexity of operations and the volume

of ongoing environmental activity resulted in over 150 initiatives being listed. Ten new

projects were established after consideration of the environmental effects assessment

(Chapter 7). Progress with environmental projects needed monitoring every six

months. This required a substantial resource input because of the volume of projects

and the spread of responsibilities for projects across the company. Keeping track of

projects, however, was essential to ensure environmental improvement.
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1995

1996

Table 6 13: Summary of IPC improvement programme at Solvay Interox Ltd
(from Solvay Interox Ltd, 1995)

Environmental Projects

Prevention and containment of accidental releases:

1	 Scopes from environmental process hazard reviews

2	 Bunding sulphuric acid tank on DMW plant

3	 Bulk sulphuric acid storage for cooling water treatment

4	 Firewater I interceptor ponds

Response to environmental emergencies:

5 Emergency response equipment purchase

Cost	 Timescale
(ak)

1,599	 1996/7

42	 1995

7	 1996/7

800	 1997/8

20	 1995

Control of normal environmental releases:

6 DMW effluent treatment

7 Percarbonate effluent segregation and treatment

8 Perborate effluent diversion to sewer

9 Improvements to North West Water pumping station

10 AO effluent pH control

11 Re-design of PM reactor ventilation system

Monitoring:

12 River outfall monitoring station
	

200
	

1996

13 Continuous VOC monitoring from AO carbon beds
	

50
	

1996

14 Improved overall site monitoring including sewer effluent
	

130
	

1996

6.7.10 Environmental Management Manual (BS 7750 Clause 4.7.1)

The draft environmental management manual developed in December 1995 described

the EMS elements and summarised responsibilities. In January 1995 the Health,

Safety and Environmental Integration Group decided to amalgamate the manual with

the existing RCLP manual. This remained an agenda item for the next twelve months

and by January 1996 a draft was complete. The format followed the model for

integrated health, safety and environmental management systems published by the

Chemical Industries Association (1995). It consisted of a cycle of activities similar to

BS 7750 but applied to health, safety and environmental management (Figure 6.17).
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The manual covered the requirements of BS 7750, the International Safety Rating

System (ISRS), Process Safety Management (PSM), Responsible Care and the

Solvay Group Policy (Solvay Interox Ltd, 1996a). Referencing these external

standards throughout the document emphasised the importance of compliance.

Figure 6. 17: Model for responsible care management systems (from Chemical
Industries Association, 1995)

LEADERSHIP &
COMMITMENT

CONDUCT INITIAL
REVIEW

SET POLICY &
OBJECTIVES

LIMPLEMENT

DEFINE
ORGANISATION

IDENTIFY
REQUIREMENTS

SET TARGET
& PLAN

6.7.11 Documentation (BS 7750 Clause 4.7.2)

It was possible to adopt the existing ISO 9002 procedure for controlling RCLP

documentation. As required by the EMS standards documents were assigned an

issue number, date and circulation. Those requiring updating were stamped

"controlled" in red and copies, for information only not requiring updating, were

stamped "uncontrolled". When a revision was issued previous versions were removed

and one copy, stamped "superseded", kept for reference. A register of all RCLP
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documentation controlled by the system was maintained to ensure the most up to date

versions were available where required.

6.7.12 Operational Control (BS 7750 Clause 4.8)

BS 7750 required the existing 400 standard operating procedures (SOPs) to be

reviewed and their scope broadened to include environmental control. It was essential

that these were written by the manufacturing departments who had a detailed

understanding of the process. A guidance procedure was developed to assist them

identify and write additional procedures (Table 6.14). Although process personnel

were responsible for developing these procedures support and advice was provided by

the Environment Group.

In addition to controlling environmental impacts resulting directly from the process BS

7750 also requires the control of indirect effects where this is required by the

company's environmental policy. As Solvay Interox's RCLP policy included a

commitment to encourage suppliers to apply equivalent health, safety and

environmental standards to their own it was necessary to appraise supplier's

performance. A supplier assessment questionnaire was established (Appendix 2.10)

and sent to approximately 50 suppliers of major raw materials, as these would have

the largest environmental effect. Questions were included on management practices,

planned improvements, release data and previous prosecutions. Responses were

scored from a maximum of 100 and suppliers graded from A to F (Appendix 2.11).

Completed questionnaires were received from 37 suppliers and 29% achieved Grade

A (Figure 6.18) (Table 6.14). Those who did not respond or sent standard replies were

contacted several times and encouraged to complete the questionnaire.
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Table 6. 14: Elements to be incorporated into standard operating procedures for
BS 7750 at Solvay Interox Ltd

EFFLUENT CONTROL
Hoses & wash downs
Steam ejector system operation
Condenser performance
Fire water control
Dumps to sewer / river

EFFLUENT TREATMENT
pH control
TPS operational performance
Flow recorders
pH monitoring
TOC monitoring
Spillage handling

EMISSIONS TO AIR
Carbon beds / scrubbers
Combustion plant exhaust
Drier exhausts
LEV5
Tanker loading / off loading

WASTE MANAGEMENT

Bund emptying
Spillage control
Leak prevention
Storm water control

Stormwater handling
Firewater handling
Impact of system maintenance
System overload
Off Spec effluent handling

Bursting discs
Storage and relief vents
Relief vents
Emergency venting
Fugitive releases

Process specific waste
Clean ing and maintenance waste
Off spec product & raw materials
Special projects
Construction waste
Demolition waste

MATERIAL HANDLING & STORAGE
Labelling and Packaging
Bunding
Inventories
Segregation
Loading / off loading

MISCELLANEOUS
Design & new developments

General waste eg packaging
Scrap metals
Waste classification ie special I non-special
Disposal arrangements & paperwork
Segregation

Construction materials eg tanks, drums
Designated waste areas
Drum handling eg palletisation
Waste stockpiling
Vessel overfill protection

Distribution
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Figure 6. 18: Results of supplier assessments at Solvay Interox Ltd

A B C D E F

GRADE

Those who still did not respond or achieved Grade E (8%) or F (16%) tended to be

small manufacturers or distributors of products. As their environmental impact was not

as significant as larger companies such as BP and ICI it seemed unreasonable to

expect them to have complex control systems in place. In determining whether to

maintain their position on the approved supplier list other criteria, such as quality, price

and reliability of delivery, also needed to be considered. Company policy regarding

acceptable supplier performance required clarification at board level. At the time of the

assessment a policy of encouragement through annual assessments of performance

and communication was favoured. In the case of new suppliers the existing Iso 9002

assessment process was expanded to include several environmental questions.

Responses to these would contribute towards the overall supplier rating and influence

future choice of suppliers.
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Table 6. 15: Suppliers rated Grade A at Solvay Interox Ltd

Supplier	 Product Supplied	 Score

BP Chemicals Ltd	 Acetic Acid & Industrial acetic acid	 91 %

Brunner Mond + Co Ltd 	 Sodium Carbonate	 81%

Ciba Geigy plc	 Irganox 1010	 89%

Collinda Ltd	 Dipiclonic Acid	 90%

Courtaulds Chemicals Ltd	 Orthosextate	 82%

DSM (U.K.) Ltd	 Cyclohexanone	 98%

Du Pont de Nemours (Nederland) BV	 PTMEG (Terathane) 	 81%

Elf Atochem SA	 Sodium Chlorite	 88%

Exxon Chemicals Ltd	 Aromatic Hydrocarbon 	 89%

Hoechst U.K. Ltd	 Neopenty Glycol;	 92%

___________________________________ Di-ethylene Glycol 	 ________________

ICI Chance and Hunt (Distributors) 	 Topanol	 85%

Johnson Matthey plc	 Palladium Chloride	 82%

RWE-DEA Aktiengesellschaft 	 Cetyl Alcohol	 92%

6.7.13 Verification, Measurement and Testing (BS 7750 Clause 4.8.2)

Several standard operating procedures relating to verification, measurement and

testing were already in place. These included weekly checks of river effluent quality

and daily visual checks of the outfall. Standard operating procedures were also in

place for calibration and testing of quality equipment. BS 7750 required these to be

expanded to cover the monitoring of all relevant process characteristics, including air

emissions, effluent streams and waste generation. The calibration of monitoring and

testing equipment, such as pH meters and flow meters was also required. Guidance

on the additional areas to be covered in the standard operating procedures was

incorporated into the operational control procedure for implementation by process

areas (Chapter 6.7.12).

To monitor annual environmental performance over 100 pieces of data relating to

emissions to air, releases to water, waste production and resource consumption were

compiled into emission inventories. This information was required by 1-IMIP, the

Chemical Industries Association and the Solvay Head Office in Brussels. The EMS led

to the development of five new procedures to ensure consistency in performance

measurement. They provided instructions on data location, calculations and record
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keeping (Table 6. 19). A new checklist ensured all the necessary information was

collected (Appendix 2.12). Data was used in the calculation of environmental

performance indicators, to measure improvements (Table 6.20). This allowed trends

in performance to be monitored (Figure 6.18 and Figure 6.19) (Chapter 7).

Figure 6. 19: Extract from emission inventory procedure for releases to water at
Solvay Interox Ltd (Solvay lnterox Ltd, 1996b)

River Mersey Effluent
Annual releases to the River Mersey are recorded on Form Fl (Appendix 1 of this
procedure).

a) Total Flow (m3/a)
Total flow to the River Mersey is assumed to remain constant at the consented level of
11 ,000m per day which is equivalent to 4,015 x 1 m 3 per annum.

b) Average Parameter Concentrations (mg/I)
Average concentrations C.O.D, H202, B203, suspended solids and chloride are
calculated from the "Effluent Analysis Log Book" kept by the Environment Group
(samples are taken once a week by the labs). The pH is quoted as the range between
the minimum and maximum analysis values.

c) Corrected C.O.D Concentration (mg/I)
Analysis results for C.O.D are unrepresentative as peroxide present contributes
towards the C.O.D reading. A corrected C.O.D measurement can be calculated by
subtracting a theoretical proportion representing the additional C.O.D content due to
the hydrogen peroxide:

Actual C.O.D (mg/I) = Measured C.O.D (mg/I) - AvOx

Where AvOx (mg/I) = H 202 Concentration (mg/I) x 6/34

d) Average Boron Concentration (mg/I)
Average boron concentration is calculated from the measured average B202
concentration.

Molecular weight of B 203 = 22 (2B) + 48 (30) = 70

The B content in B 203 = 22/70

Average B (mg/I) = Average B 202(mg/l) x 22/70
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Figure 6. 20: Environmental Performance Indicators at Solvay Interox Ltd

Environmental Index

- Total Weighted Release (see Figures 6.11 and 6.12)

Environmental Complaints

- Total Number and Category (ie Noise, Odour, Dust, Traffic, Smoke)

Effluent to River

- Chemical Oxygen Demand (mg/I) (te/a)

- Hydrogen Peroxide (mg/I) (te/a)

- Boron (te/a)

Effluent to Sewer

- Chemical Oxygen Demand from AO Plant and Capa Plant (mg/I) (te/a)

- Suspended Solids from AO Plant and Capa Plant (mg/I) (te/a)

- Total Chemical Oxygen Demand (mg/I) (te/a)

Air Emissions

- VOCs from AO, Capa, Peracetic Acid (te/a)

- Total Site VOCs (te/a)

- SO2, NOx, CO2 and Dust from Boiler House (te/a)

- Dust from Persalts Plant (te/a)

- Total Site Dust (te/a)

Waste Disposals

- Tincal Sludge (te/a)

- AO Tars (te/a)

- Capa Residues (te/a)

- Ash from Boiler House (te/a)

- Laboratory Waste (te/a)

- Total Special Waste (te/a)

- Total Site Waste (te/a)

Lost Time Accidents

Incidents

- Numbers Offsite, Environmental and Total

HGV Movements

- Numbers per MonthS

- Numbers on Saturdays and Sundays

- Weekly Average in Sensitive Periods

- Total Weekly Average
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Figure 6. 21: Annual releases of volatile organic compounds released to air at
Solvay Interox Ltd

1989 1990 1991 1992 1993 1994 1995

Figure 6. 22: Annual hydrogen peroxide and chemical oxygen demand released
to River Mersey at Solvay lnterox Ltd
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6.7.14 Non-compliance and corrective action (BS 7750 Clause 4.8.4)

Three systems were already in place for recording, investigating and correcting non-

conformances prior to BS 7750. Minor quality non-conformances were reported and

corrected using Corrective Action Proposal forms and major non-conformances using

Corrective Action Request forms. Health, safety and environmental incidents and

near-miss situations were reported and investigated through the Responsible Care &

Loss Prevention (RCLP) Opportunities for Improvement system. Incident reports,

including environmental implications, were compiled into an Events Weekly document

for discussion at team quality and safety meetings. Non-conformance documentation

was initiated by the person identifying the failure, often an auditor, and corrective

actions identified and implemented by the Manager responsible.

It was possible to utilise these existing systems for recording environmental non-

conformances. Those identified during routine environmental audits were recorded

using the existing quality system of Corrective Action Proposals and Corrective Action

Requests. Environmental incidents and near-miss situations were recorded and

investigated using the RCLP Opportunities for Improvement system.

6.7.15 Environmental Management Records (BS 7750 Clause 4.9)

A critical element of an EMS is the ability to demonstrate that work practices comply

with objectives, targets and procedures. Each individual procedure specified the

necessary recording requirements and contained examples of forms and registers.

These included details of weekly river effluent analysis, monitoring results, customer

enquiries, annual release inventories and environmental complaints. The RCLP

Management Manual specified that all records must be kept for a minimum of 2 years.

6.7.16 Environmental Management Audits (BS 7750 Clause 4.10)

An internal auditing system was operated for the ISO 9002 system. A schedule

specified audit timings and procedures described the stages in the audit process.

These included notifying the auditee, compiling an audit checklist, carrying out the
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audit and reporting findings and non-compliances (Chapter 4). Twenty employees

from across the site were externally trained in quality auditing.

In 1993 the Environment Group, with the assistance of a post-graduate from Salford

University, delivered a one-day environmental auditing training session to plant

operators. Checklists were used to inspect manufacturing plants and identify areas of

concern. In addition BS 7750 required an environmental audit schedule and procedure

(Solvay Interox Ltd, 1996b). These were both based on the existing ISO 9000

procedure with similar proformas for developing checklists and reporting audit findings.

The audit schedule specified that each clause of BS 7750 was to be audited at least

every year (Appendix 2.13). In accordance with BS 7750 the frequency of audits

depended on their environmental significance with waste management, incident

reporting, tanker deliveries and monitoring being audited more frequently.

6.7.17 Management Reviews (BS 7750 Clause 4.11)

The ongoing suitability and effectiveness of the ISO 9000 system was reviewed by

senior management at six monthly intervals. The company was therefore familiar with

the concept of management reviews. As the EMS was integrated with the RCLP

system the existing Health, Safety and Environment Steering Group, initially

established to discuss changes to HSE legislation, would review the EMS. It consisted

of senior managers plus the Production & Environmental Services Manager from the

Executive Committee.

6.8. SUMMARY

Larger companies, especially those heavily regulated under Integrated Pollution

Control, will be operating many elements of a formal EMS to meet their legal

obligations. An essential first stage for such organisations is a detailed analysis of

existing management practices compared to the requirements of the EMS standards.

Prior to 1994 Solvay Interox had completed an environmental policy, risk assessments,

waste minimisation reviews and was in the process of implementing a substantial

environmental improvement programme. Site effluents and atmospheric emissions

were routinely monitored and performance measured on an annual basis. Several
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procedures had been established for controlling accidental releases, waste

management and handling external communications.

The review of existing management practices identified a number of weaknesses

against the EMS standards. Areas requiring particular attention were the registers of

regulations and effects; objectives and targets; management manual; system

procedures; internal auditing system and management reviews. In reviewing existing

management practices it is important not to overlook the activities of other

departments and systems. Companies certified to a quality standard, as was the case

for Solvay lnterox, will have a documented system in place encompassing a policy,

management manual and a set of procedures including those for training, document

control, auditing and non-conformances. In some cases companies may also operate

formal health and safety systems. This is particularly likely in chemical companies

committed to the Chemical Industries Association's Responsible Care principles.

Solvay Interox's Responsible Care and Loss Prevention (RCLP) system for health and

safety contained a policy statement; a system manual, an incident reporting and

investigation system plus an emergency plan.

EMS implementation within tightly regulated industries raises a key point regarding the

ease of modifying existing environmental management activities to meet the

requirements imposed by the standard. In certain cases it is relatively easy to modify

existing documentation as was the case with the policy and several procedures at

Solvay Interox. Problems arise where in-house techniques are well established, have

a high profile but do not entirely meet the EMS standards. Changing such systems

requires substantial effort and can lead to confusion within the workforce. To avoid

this situation it is often most efficient to develop parallel systems to address those

areas of the standard not currently covered. At Solvay Interox this was the case with

the environmental process hazard reviews, waste minimisation reviews and the IPC

improvement programme.

Prior to BS 7750 substantial resources had been committed to the site-wide

environmental process hazard and waste minimisation reviews. These took over a

year to complete and involved large numbers of staff from across the site. The

process was successful in identifying risks of accidental releases and opportunities for
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waste minimisation. However, in isolation these techniques did not fully comply with

the environmental effects requirement of the EMS standards. In particular effects

arising from normal, past and future operating conditions had not been incorporated.

As was the case with less tangible impacts such as nuisance to local residents,

supplier and customer activities and other indirect effects. The solution was to develop

a parallel methodology to cover those areas not previously considered.

A similar situation, concerning the modification of existing management tools, arose in

the establishment of the environmental management programme. The existing £4

million IPC programme, which was well established within the organisation, had been

agreed with HMIP and the NRA. As its focus was to meet the requirements of the IPC

authorisations it did not address all the significant effects, some of which were

significant due to their potential to cause local residents concern. Many other

initiatives were ongoing, such as the reduction of HGV movements, but had not been

documented. The solution was to formalise parallel programmes addressing these

issues plus the new projects identified from the effects assessment (Chapter 7). This

led to the identification of numerous projects which would require monitoring to ensure

compliance with the EMS standards.

A key decision in EMS implementation, particularly within larger companies, is the

extent to which to integrate it with other disciplines. The lack of a clear strategy from

the start of the project can compromise progress. This was the case at Solvay Interox

where environmental and health and safety systems had developed in parallel with

limited co-ordination. The lack of a company strategy regarding systems integration

hindered EMS progress as a clear implementation plan could not be established. In

many cases documentation established for the EMS later required amending to also

incorporate health and safety. In retrospect it would have been more effective to have

established combined documentation from the start of the project. This illustrates the

need for an early policy decision regarding systems integration. As this can affect the

roles and responsibilities of individuals within the company this decision needs to be

made at senior management or ideally board level.

In integrating systems it is important to define responsibilities for the combined system.

Their absence at Solvay Interox resulted in no clear ownership for the integrated
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health, safety and environmental documentation. The continuation of this situation

would cause problems in terms of system maintenance. A second problem arose due

to the shorter timescales and increased urgency of implementing the EMS compared

to the health and safety system. A two-year full time position was created for EMS

implementation whilst development of the health and safety system formed only a

small part of the role of the Safety Manager. Although it was planned to eventually

combine health, safety and environmental procedures this was not always possible

due to a lack of health and safety resources. To ensure environmental deadlines were

met some of the procedures were implemented initially as environmental with the view

to incorporating health and safety at a later date.
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CHAPTER 7

7.0. CHANGES IN MANAGEMENT PRACTICES & COMPANY CULTURE

7.1w INTRODUCTION

The previous three chapters focused on identifying the requirements of the EMS

standards, the approaches being adopted to their implementation in industry and the

key issues to be addressed. It is inevitable that adopting a recognised EMS will

change management practices and company culture. The extent of change will

depend largely on existing company culture. In some cases companies will be familiar

with the systematic approach whilst for others the concept will be new. This chapter

considers how the publication of the EMS standards and their implementation within

industry is changing the approach and focus of environmental management. It draws

on data from the experience survey of certified companies, the five detailed case

studies and the applied research at Solvay Interox Ltd.

7.2. ENVIRONMENTAL MANAGEMENT BEFORE THE STANDARDS

All organisations operate elements of an EMS although this may not always be

recognised Any company disposing of waste will have a system to ensure its

collection and many will have an informal mechanisms to meet legislation (Morris,

1995). All 22 experience survey respondents reported elements of an EMS to be in

place prior to their adoption of BS 7750 (Table 7.1). Five companies (23%) were

undertaking environmental monitoring, probably because it was required to ensure

legislative compliance (Table 7.2). A larger number (45%) had implemented some

environmental improvements such as waste minimisation, recycling or energy

efficiency initiatives. The environment was only incorporated into documented

procedures by 23%. Lindsey Oil Refinery had a procedure for handling environmental

complaints and Autosmart included environmental criteria in their product design

procedures.
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Table 7. 1; Environmental management practices operated by survey
participants prior to their adoption of a recognised EMS standard

Company Name	 Existing Envfronmental Management

Akzo Nobel Chemicals Ltd 	 ISO 9002; environmental monitoring.

Alcan Smelting & Power UK Preparatory review; environmental policy;
external audit; management programme;
environmental targets.

Anaplast Ltd	 Waste control; energy reduction; recycling

Applied Chemicals	 Testing and monitoring; waste reduction;
_______________________________ legislative compliance.

Arjo Wiggins Fine Papers Ltd 	 Audit; management review.

Auto-Smart Ltd	 Reference in design procedures.

The Beacon Press Ltd	 About 70% of BS 7750.

BICC Cables Ltd	 Small amount of copper recycling.

BOC Gases Europe	 Spill contingency; legislative compliance; waste
management procedures.

Carson Office Furniture Systems

	

	 Environmental policy; product analysis; supplier
probity; legislative compliance; objectives &

________________________________ targets.

Curtis Fine Papers	 Informal systems dealing with legislative
_______________________________ compliance

Dunlop Precision Rubber	 Operational requirements to ensure legislative
and regulatory requirements.

Epson Telford Ltd. 	 Quality management system

Gleaner Oils Ltd	 Informal environmental training

Lindsey Oil Refinery Ltd 	 Gaseous and liquid effluent monitoring;
complaint procedure; local liaison committee

NDM Manufacturing 	 Environmental policy; targets; working groups;
environmental committee; environmental
coordinators.

P P Payne	 Spill containment; waste documentation.

Philips Components	 Legal compliance; regular monitoring
procedures and routines.

Ricoh UK Products Ltd	 Process monitoring; waste recycling; reduction
and reuse policies; environmental advisory
committee; environmental policy, approximately
60% of records required.

Shields Special Metals Ltd 	 Environment procedures under ISO 9002 for
work practices.

Thomas Swan & Co Ltd	 About 70% of BS 7750

Wavin Buildings Products Ltd 	 Recycling activities; legislative compliance.
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Percentage of
Companies

18%

14%

0%

0%

23%

14%

0%

6%

9%

45%

23%

Table 7. 2: Percentages of experience survey participants operating particular
environmental management practices prior to their EMS

Existing Environmental Management

Environmental Policy

Objectives, Targets or Management Programme

Register of Environmental Effects

Register of Environmental Legislation

Environmental Monitoring

Environmental Committee or Management Review

Environmental Management Manual

Environmental Training

Environmental Auditing

Environmental Improvement Initiatives (eg recycling)

Environmental Considerations in Documented Procedures

The comprehensiveness of environmental management practices, prior to the

implementation of an EMS standard, varies substantially. Some companies operate

simple informal systems to address compliance whilst other have established

environmental committees, management programmes and resident liaison groups.

Larger or tightly regulated companies are the most likely to operate advanced systems

(Table 7.3).

Table 7. 3: Companies with well developed systems prior to the adoption of a
recognised EMS standard

Company Name	 No of Employees	 Part A or Part B*
Alcan Smelting & Power	 172	 Part A

Carson Office Furniture 	 160	 Part B

Lindsey Oil Refinery	 500	 Part A

NDM Manufacturing	 650	 Non-Prescribed

Ricoh UK Products	 740	 Part A

The Beacon Press Ltd	 70	 Non-Prescribed	 I
* As defined in the Environmental Protection (Prescribed Processes and Substances) Regulations 1991
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A comprehensive system of documentation was 'consistently lacking within

participating companies. None of the respondents had comprehensive procedures, a

management manual, registers of environmental effects and legislation or internal

auditing systems. This was also the case at Solvay lnterox where extensive resources

had been committed to environmental management prior to BS 7750 (Chapter 6).

7.3. THE SYSTEMS CONCEPT

Traditional approaches to environmental management have typically failed to

appreciate its interconnections and complexities (Margerum, 1995). Environmental

management systems, as specified in the standards, are based on a holistic and

dynamic approach. Systems are defined as a set of connected parts functioning as a

whole (The Concise Oxford Dictionary). The concept is based on the philosophy that

the impact of the system is greater than the sum of individual parts. In comparison to

a linear approach a system consists of a complex network of inter-relationships

(O'Regan, etal., 1997). This is also true of management systems where individual

activities are inter-dependent upon each other (Figure 7.1). A key objective of the

external assessor will be to ensure all EMS elements are consistent and a clear link

has been established between the policy, significant effects and objectives and targets

(Houldin, 1995b) (Peckham, 1995).

In developing an EMS it is important to ensure system elements are consistent and

inter-related. No particular element can be effectively established in isolation to the

others. The environmental policy must be relevant to the significant environmental

effects and provide for the setting of objectives and targets. Responsibilities must be

derived from procedures and be consistent throughout system documentation.

Employee training must be clearly focused on the policy, individual's responsibilities,

significant effects, objectives and targets. Certain members of staff will also need

more detailed training on other system elements such as the manual, specific

procedures and environmental auditing (Chapter 7.6).
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Figure 1 1: The Dynamic Systematic Approach (adapted from Sutton, 1997)

The significant environmental effects require addressing by the environmental policy

statement. Specific commitments to address particular effects must be reflected

during their significance assessment. An example would be a commitment to

purchase from suppliers meeting specified performance levels which would

automatically mean the effects of suppliers must be treated as significant. The effects

assessment must also be consistent with the legal requirements as these will influence

their importance. In addition the register of regulations is inter-related with the policy.

If the policy requires compliance with industry codes of practice these must be

incorporated into the register.

The determination of objectives and targets requires consideration of both legal

requirements and the significant effects (Chapter 4.2.7). If the effects assessment

identifies solid waste as significant a corresponding objective and target would be

expected. The management programme is closely linked to objectives and targets as

it describes the mechanisms for their achievement (Chapter 4.2.8). The manual

describes the management system and therefore interrelates with all the other
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elements (Chapter 4.2.9). The degree of monitoring and control depends on the

policy, the significant effects and the objectives and targets (Chapter 4.2.10). Should

the policy contain a commitment to use recycled paper procedures will be required to

ensure this is translated into the purchasing decisions. Likewise if a particular

atmospheric or liquid release is identified as significant, procedures are required to

assess and control the associated impact.

The systematic approach introduces the need for checking compliance to identify

opportunities for improvement and implementing preventative and corrective action.

This ensures internal consistency and conformity with company policies and

procedures in addition to compliance with external regulations and standards. It can

also identify wasteful or inappropriate use of energy and raw materials, and

shortcomings in the application of technology and the management of wastes (Jones,

1997). The frequency of environmental audits is determined by the environmental

significance of the particular activity or department. Activities with the greatest impact

require more frequent audits, the in-house effluent treatment plant needing more

attention than the warehouse (Powley, 1996) (Chapter 4.2.12). The final activity in the

systems loop is the management review process which ensures the ongoing suitability

and effectiveness of the entire system.

By identifying the inter-relationships between management activities the EMS

standards provide a useful model to assist companies manage their environmental

impacts (Sheldon, 1996). They are particularly valuable for those with limited

environmental expertise. It is often easier for such organisations to adopt a

recognised standard rather than establish their own in-house systems. This is not

necessarily the only route to developing a strong and effective system. Prior to their

publication many major companies, especially those tightly regulated under legislation,

had already established in-house systems meeting their business needs (Morris,

1995). For such organisations the standards provide a valuable bench mark

(Sunderland, 1997). By comparing their existing practices with the standards, missing

elements and inter-relationships can be identified. This can assist companies pull

together their existing environmental management activities into a more organised

system (Burdett, 1994). This was one of the main reasons why BP Chemicals made a

commitment to registering six of their main European sites to EMAS by the end of
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1997. At the Salt End site, near Hull, an in-house EMS was already well established

and the site had previously been praised by HMIP for its quality of environmental

protection. By adopting EMAS they believed they could improve their existing system

and ensure a strong link between policy, plans and activities (Joslin, 1996).

When technologies or organisational structures become complex the tendency is to

focus on incremental improvements in limited parts of the system (Sutton, 1997). This

approach typically fails to identify the often significant benefits which can be achieved

by considering the whole system design (O'Regan, 1997). It is therefore essential that

systems are designed with the broadest possible scope. The development of new

technologies and products, life-cycle assessments and the upgrading of production

processes should all be incorporated (Sutton, 1997) (Chapter 10).

7.4. FORMALISING MANAGEMENT PRACTICES

The EMS standards place a large emphasis on the need for documentation. In

addition to policies, manuals and registers extensive procedures and records are

required (Chapter 4). This often requires a major change in management practices

and is illustrated by the consistent lack of documentation within companies prior to

their adoption of an EMS standard (Chapter 7.1).

The large emphasis for documentation has led to fears of excessive bureaucracy

(Gleckman, 1997) (Sunderland, 1997) (Environment Business, 1 996c) (ENDS 231,

1994). In small and medium sized enterprises (SMEs) this may have originated from

their experience with quality management systems which are frequently seen to be no

more than paper exercises (Bell, 1997) (Hodge, 1995) (Chapter 1). In larger

companies, who are likely to have operated their own informal systems for many

years, the additional cost of formality is frequently perceived to be unjustifiable

(Sunderland, 1997).

These concerns are justified, as it is inevitable that an EMS will result in some

additional documentation. However, this is typically only perceived of as negative by

those without an EMS. Only one (5%) of 22 certified companies involved in the survey

reported documentation to be a disadvantage. Formalising ad hoc activities through
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procedures was frequently reported to be an advantage. It guarantees consistency

and clarifies delegated responsibilities. Employees become clear of how and when to

undertake particular tasks which is important in times of change or absence as new

staff immediately understand their responsibilities (Butterworth, 1995).

A comprehensive and effective recording system for environmental incidents,

complaints, resource usage and environmental releases is essential for measuring

environmental performance and the achievement of objectives and targets.

Documentation is also important for auditing as it provides evidence of compliance.

The management manual provides a useful "route map" and starting point for

employees or auditors requiring a summary of the system. At Solvay Interox it was

beneficial in describing the EMS elements and their inter-relationships. It clarified the

activities required to ensure compliance with legislation and company policy

requirements. By referencing external criteria, such as those incorporated into BS

7750, ISO 14001, EMAS, legislation and Responsible Care, employees' understanding

of the relevance of the system was increased.

The emission inventory procedures documented calculation methods and ensured a

standard approach to performance measurement. This was particularly important as

data were required by the Environment Agency, the Solvay Group and the Chemical

Industries Association. The lack of consistent calculating methods could result in a

misleading impression of performance. The procedures were also beneficial by

allowing the Senior Environmental Advisor to delegate the task of information

collection and performance calculation, which took several months. This allowed his

expertise to be more effectively utilised in implementing the environmental

improvement programme which was essential to achieve legislative compliance.

The external certification process can be beneficial by ensuring the system is

maintained. This was the case at National Power who have successfully certified 13 of

their UK sites to one or more of the standards. They believe a primary benefit of

certification is the efficiency and discipline imposed by being made to maintain high

levels of management which also provides an incentive for keeping the system up to

date (Institute of Environmental Management, 1 996c).
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Whilst there are substantial benefits in establishing EMS documentation it is essential

to avoid becoming over bureaucratic (Bell, 1997). The system must be designed to

suit the organisation and not the external auditors. It is easy to become too introverted

by focusing on the requirements of the standard rather than business needs. Lessons

can be learnt from the larger companies, many of which are aware of these concerns

and are determined to avoid unnecessary bureaucracy. At BP Chemicals the system

must provide real benefit and will not be tolerated if it becomes a bureaucratic exercise

(Joslin, 1996). National Power took particular care to design their system for its ease

of use for employees and not to make it easy for third party auditors (Institute of

Environmental Management, 1996c). The Company is committed to minimising

bureaucracy and reduced the duplication of documents by keeping them only where

they were needed. They also set a target to reduce paper usage so that their system

helped them to reduce bureaucracy rather than adding to it.

7.5. INTEGRATION OF MANAGEMENT DISCIPLINES

Many companies are finding the easiest route to certification is through stand-alone

systems. This has caused concern that the EMS standards may discourage

integration between systems and departments. Industry is worried that they may

eventually need separate systems for quality, safety and environmental conformance

each with distinct procedures (Sunderland, 1997) (Faragher, 1996) (King, 1995).

Despite concerns that the EMS standards may discourage the integration of the

environment with other business processes there is increasing evidence to the

contrary. Many opportunities for systems integration result from the implementation of

an EMS (Fishwick, 1996) (Ringer, 1995) (Shillito, 1995a and 1995b). A survey

undertaken by the Institute of Environmental Management found that 89% of

respondents felt environmental issues were becoming increasingly integrated into

overall management (Institute of Environmental Management, 1995). 10% felt that

environmental considerations were already being fully integrated with only 2%

believing there was no integration at all.

These findings correspond to those obtained from the experience survey of EMS

certified companies. Only one company (5%) in each case stated that there had been
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no integration at all (Table 7.4) (Table 7.5). Integration with quality was reported to be

greater (27% scoring 5) than with health and safety (5% scoring 5). This is explained

by the larger number of companies with quality systems compared to formal health

and safety systems. The quality system standard BS 5750 (now ISO 9000) was first

published in 1979 whilst the health and safety standard BS 8800, is still a new concept

and was not published until 1996.

Table 7. 4: Perceptions of the extent to which the adoption of a formal EMS
increased integration between environmental and quality management

Not at all
	

Significantly

Score
	

0
	

2
	

3	 4	 5

% of Companies
	

5	 5
	

5
	

41	 18	 27

Table 7. 5: Perceptions of the extent to which the adoption of a formal EMS
increased integration between environmental and health & safety management

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 5	 0	 18	 36	 36	 5

Responsibility for implementing an EMS is frequently assigned to an existing Quality or

Health and Safety Manager (Table 7.6). An organisation's choice of champion

influences the degree of integration between management systems. Where EMS

responsibility lies with a Quality Manager or a dedicated Environmental Manager the

extent of integration with quality was perceived to be greater than with health and

safety. In contrast where a Health and Safety Manager is responsible the extent of

integration with health and safety and quality was considered to be approximately

equal (Table 7.7).
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Table 7. 6: The responsibilities of EMS champions within survey participating
cornpanics

Responsibilities	 Percentage of Companies

Environment, Health, Safety & Quality	 5%

Environment, Health and Safety	 18%

Environment & Quality 	 32%

Environment Only	 23%

Others (eg Technical Manager)	 22%

Table 7. 7: Participants perceptions of the extent of integration between
environment and other disciplines versus their individual responsibilities

Responsibilities	 Average score

_________________________________ 	 Quality	 Health & Safety

Environment, Health, Safety & Quality 	 5.0	 5.0

Environment, Health and Safety	 3.8	 3.8

Environment & Quality 	 3.7	 3.1

Environment Only	 2.8	 3.4

Others (eg Technical Manager)	 2.6	 2.6

At Solvay lnterox Ltd the EMS was integrated with health and safety but utilised

existing quality techniques where appropriate (Chapter 6). Procedures adopted for

environmental auditing, training and non-conformances were based on the ISO 9000

system. The decision to develop combined health, safety and environmental

documentation promised efficiency through synergy of approach. The existing health

and safety manual was amended to cover environmental requirements. This provided

a flexible structure which could incorporate new initiatives as they arose. Combined

policy statements, manuals and procedures minimised documentation requirements

and simplified document control. A further benefit resulted from the addition of health,

safety and hazard legislation to the environmental law database. The increased

resource requirements were offset by the benefits of a comprehensive source of
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information and improved understanding of health, safety and hazards and their

interactions with environmental legislation.

An additional benefit of systems integration at Solvay Interox Ltd was improved

communications between departments and increased team working. Decisions were

made by the Responsible Care & Loss Prevention Steering Team consisting of health,

safety, hazard and environmental personnel (Chapter 6). The discussion of potential

conflicts between disciplines promised cost reduction through the adoption of

combined solutions. An additional aim of integration was to prevent efforts being

focused on one discipline at the expense of others. This happened in the early 1990's

when the pressures of the Environmental Protection Act and IPC forced emphasis to

be placed on the environment resulting in decreased health and safety performance.

Implementing organisations have a substantial degree of flexibility regarding the extent

to which management system documentation is integrated. Whilst the development of

integrated systems is often a long-term goal there are a number of issues to be

considered. Firstly, management structure must allow for integration. It is logical for a

Quality Manager to develop an integrated quality and environmental system or for a

Health and Safety Manager to develop a health, safety and environmental system.

Problems arise when an organisation has an independent Environment Manager or

department. This was the case at Solvay Interox Ltd were the responsibilities for

health, safety, environment and quality lay in separate departments (Chapter 6). This

caused problems regarding responsibilities for maintaining combined health, safety

and environmental documentation. As a temporary measure, a contractor was

assigned responsibility. However, to be successful, in the long-term, responsibilities

would need to be clearly defined and re-assigned.

In the development of a combined system, commitment to both disciplines must be

equal. If one system is already fully implemented it will be relatively straightforward to

amend this to incorporate environmental considerations. Problems arise when two

systems are developing in parallel. Progress in one discipline can be compromised by

a lack of commitment, resources or urgency in the second. This was the case at

Solvay Interox Ltd where there was more pressure to implement an EMS than a formal
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health and safety system (Chapter 6). Unless commitment to both systems is equal it

is often most effective to complete one system prior to integration with the second.

Another concern is that integration can lead to the watering down of environmental

considerations (Institute of Environmental Management, 1995c) (Peckham, 1995).

Promoting the environment as an extension of quality or health and safety may lessen

its priority. Amending existing documentation may be less clear and have less impact

than issuing new separate environmental manuals. This illustrates that substantial

training is essential on the amendments to existing documents in addition to the new

system elements (Chapter 7.6).

A further danger is that integration frequently increases the scope of a manager's

responsibilities. A Health and Safety or Quality Manager assigned the responsibility of

implementing an EMS is likely to find conflicting priorities a problem. Increased safety

incidents or new legislation could easily move the focus away from the environment.

In an Institute of Environmental Management survey of members, conflicting priorities

were cited as the main barrier to effective environmental management (Figure 7.2). A

dedicated Environmental Manager responsible for maintaining the EMS is much less

likely to suffer from such problems.

7.6. CHANGING EMPLOYEE CULTURE & AWARENESS

Effective training, communications and employee commitment is essential to EMS

success (Crognale, 1997) (Wells, 1997) (Page, 1995). As a prerequisite to certification

external assessors need to be convinced of high levels of employee environmental

understanding. Improvements in environmental performance are impossible unless all

members of an organisation are clear of their role and the benefits of improved

performance. Recycling schemes will not be effective unless staff are educated in

their use and energy savings will not be achieved without training on good

housekeeping such as turning off lights and machines.
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0	 1	 2	 3	 4	 5	 6

Figure 7. 2: Perceived barriers to effective environmental management (from
Institute of Environmental Management, 1995c)

Conflicting
Priorities

Management
commitment

Financial
Resources

Staff Commitment

Communication

Human Resources

Index of Significance*

In achieving employee commitment, the inevitable resistance to change must be

overcome. An EMS requires firmly held beliefs and practices to be tested and

frequently changed (Sheldon, 1 995a). New methods compete with the evolutionary

system that has evolved within the company over many years. Nobody likes to have

to learn new routines or change working practices. Change is often treated with

suspicion as it has frequently resulted in fewer employment opportunities or a

reduction in company benefits (dough, et al., 1995). Another barrier is the common

apathy and inertia of employees towards the environment. It is often perceived as

peripheral to everyday activities and unimportant compared to production activities.

Without education staff will not see the benefit of sound environmental performance

and will question the value of their individual contributions.

To overcome the cultural barriers within an organisation substantial training and

awareness raising is required. Existing communication channels, such as company

newsletters and notice boards, can assist in this process but formal training sessions

and briefings must play an important role. Wells (1997) recommends the provision of
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general awareness training, procedural training and specialist training as elements of

the EMS (Figure 7.3).

Figure 7 3: Types of environmental training within an EMS (from Wells, 1997)

General	 Awareness of:

• Global, regional and local environmental issues

• Legislation requirements

• The role of the company and individuals

• The benefits of improved performance

• Awareness of the environmental management system

Procedural Specific skills related to procedures and work instructions. These may
be concerned with undertaking a particular operational task or general
management activities. Of particular importance is the need for

___________ emergency training.

Specialist	 Specialist skills such as EMS implementation, legislation, performance
____________ monitoring and internal auditing.

All employees require some general awareness training prior to certification. This can

range from a short briefing, similar to that at J & J Makin, to several days, as at

Contract Chemicals (Chapter 5). At Wavin Building Products all 500 employees

attended a 3 hour session (Pers. comm. Underhill, 1996) (Table 7.8).

Table 7. 8: Training per employee undertaken for BS 7750 by participating
companies

Company Name	 No of Employees	 Training per
Employee

Akzo Nobel Chemicals	 132	 3 hours

Arjo Wiggins Fine Papers	 230	 3 hours

Contract Chemicals	 160	 2 days

J & J Makin Converting	 75	 2 hours

Shields Special Metals	 100	 1 hour

Wavin Building Products	 500	 3 hour
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In addition to formal training, there are a number of other initiatives which can be

effective in improving employee awareness. BlOC Cables, employing 350 staff in

cable manufacture, found waste recycling and other small scale schemes implemented

through "Conservers at Work" made an important contribution to raising awareness

(Pers. comm. Horrocks, 1996). There is an immediate visual impression of the

meaning of environmental savings which is easily appreciated (Reynolds, 1996). As

60% of the work force of BlOC Cables live within a short distance of the factory local

environmental initiatives were effective in gaining commitment. An area of land on the

site was donated to a local scouts group for conversion into a new football pitch.

School pupils, together with a local artist, were invited to paint a mural on site and

better housekeeping and waste management improved the site's appearance. These

initiatives demonstrated the company was investing in the local community and

restored employee pride in their job and the locality (Reynolds, 1995).

Motivation and awareness can also be raised by adopting the principles of Total

Quality Management and empowering employees in decision making (Hamilton, 1997)

(Hodgson, 1995) (Hocking, 1993). Cego Ltd, an Essex architectural hardware, door

and window system and cladding company, made a special effort to involve its 600

employees in established teams. Employees were sufficiently motivated to identify

numerous cost saving from a variety of process and material changes (British

Standards Institution, 1995a). Renlon Ltd involved staff in developing their own annual

departmental targets for fuel consumption, telephone usage and stationery. This was

found to be successful in improving motivation by introducing competitiveness between

departments (Griffiths, 1995).

Wolstenholme International, employing 260 staff in the manufacture of metal powders,

encouraged employee ownership through briefings, specific training for supervisors

and training of selected staff in auditing and emergency response (Table 7.9).

Environmental Task Groups were established to identify potential environmental

improvements in selected areas. Employees were motivated to initiate a voluntary

green group to carry out local projects to enhance the firms image in the community

(ENDS Report 263, 1996).
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Table 7. 9: Staff environmental briefings delivered during EMS implementation at
Woistenholme International (from Garratt, 1998b)

Session 1: December 92	 Session 2: December 93 Session 3: June 94

Global	 and	 local Progress in implementing Departmental
environmental issues 	 the EMS	 environmental aspects

Using an EMS to control Pursuit of certification to Progress to reduce and
significant effects	 BS 7750	 manage these effects

Commitment to continual - 	 Procedures and work
environmental improvement	 instructions

Reward schemes can be beneficial in motivating employees and promoting the

financial benefits of improved environmental performance. Autosmart Ltd re-invested

savings achieved by their EMS into in-house labelling equipment and new filling

equipment including an aerosol facility (Pers. Comm. Munro, 1996). These benefits

are easily visualised and demonstrate to employees the financial significance of

environmental improvements.

At Solvay Interox Ltd employees had a good understanding of environmental issues

prior to the adoption of BS 7750 (Chapter 6). A number of additional initiatives were

adopted to ensure awareness of the EMS. The induction procedure and information

pack for new employees ensured a basic level of environmental awareness from their

first day on site. The policy statement was included in company newsletters and on

notice boards across the site. A brief for senior managers to launch the new RCLP

manual included a slide show, presentation and discussion session. Each manager

was asked to review the document to identify their individual responsibilities and

determine their current position against its requirements. Information was cascaded at

team meetings and a slide show, publicised by posters, was available on the network.

The EMS also required more direct involvement from employees, for example, in the

development of operational control procedures. This improved employee recognition

and understanding of the critical areas of impact on the environment.

It is essential that any awareness raising campaign is sustainable. If all effort is

focused at the beginning of a campaign enthusiasm will soon decrease leading to loss

of morale and commitment. A successful campaign must plan a number of initiatives

spread throughout the year. Newsletters must be repeated, posters regularly changed

and new ideas generated from employees. After certification refresher training will be
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required at regular intervals to ensure ongoing environmental improvement. Regular

evaluations of training success is also of key importance (Wells, 1997). Training

needs to be a constantly evolving and improving process consisting of planning,

delivering and evaluating the results.

Whilst changing employee culture poses a significant challenge, all companies

participating in the survey believed that employee awareness had substantially

increased as a result of their EMS. When asked to score from 0 to 5 the extent of

improvement 86% scored 4 or 5 (Table 7.10). This illustrates that efforts assigned to

awareness raising yield substantial benefits in improving motivation and job

satisfaction. Improved employee motivation was reported to be the single most

significant EMS benefit within companies participating in the survey (Table 7.11)

(Chapter 8).

Table 7. 10: Perceptions of the extent to which employee awareness was
improved by the adoption of an EMS within participating companies

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 0	 0	 5	 9	 45	 41

Table 7. 11: Participants comments regarding the main benefits of implementing
an EMS relating to employee motivation

Company Name	 Comments

Anaplast	 • All employees quickly became aware of the part
they must play to maintain and achieve the standard

BlOC Cables	 • Improved motivation of employees

BOC Gasses	 • Better trained workforce

Lindsey Oil Refinery	 • Staff environmental awareness improved

• Management commitment confirmed

Philips Components	 • Improved environmental awareness across the site

Ricoh UK Products	 • Clear environmental responsibility and accountability

• )mproved employee awareness

Wavin Building Products 	 • Improved overall awareness throughout the
organisation of envonmentaI issues
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77. UNDERSTANDING, PLANNING & DECISION MAKING

The holistic nature of a systematic approach requires the re-examination of activities

and products. This can substantially improve manager's understanding of the

environmental impacts of their company's activities (Page, 1995). P P Payne Ltd, a

Nottingham based manufacturer of packaging products with 252 employees, reported

their EMS led to a significant improvement in understanding of their manufacturing

processes (Pers.comm. Morris, 1996).

When companies were asked to score on a scale of 0 (no improvement) to 5

(substantial improvement) the extent to which their EMS improved understanding of

their manufacturing process 90% scored 4 or 5 (Table 7.12). This was consistently the

case within companies of various sizes, industrial sectors and process complexities.

Even those with well devetoped sVstecns pvior to BS 7Th0 poc \car\

improvements in their understanding of environmental impacts.

Table 7. 12: Perceptions of the extent to which the adoption of a formal EMS
improved participants understanding of environmental impacts

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 0%	 0%	 0%	 9%	 45%	 45%

The more polluting industries, prescribed as Part A under the Environmental Protection

Act 1990, were less likely to score 5 compared with Part B or non-prescribed

companies (Table 7.13). A likely explanation is the substantial environmental

knowledge required to ensure legislative compliance, prior to the implementation of

their formal systems. This was the case at Solvay Interox Ltd where the Environment

Group were aware of the majority of significant issues prior to undertaking the effects

assessment (Chapter 6). In comparison a less tightly regulated company is unlikely to

have such a comprehensive understanding and the adoption of an EMS standard will

be more valuable in raising manager's environmental understanding.
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Table 7. 13: Perceived changes in understanding of environmental impacts
versus process classification under Environmental Protection Act 1990.

Not at all	 Significantly

0	 1	 2	 3	 4	 5

Part A	 0%	 0%	 0%	 0%	 80%	 20%

Part B	 0%	 0%	 0%	 29%	 14%	 57%

Non-Prescribed	 0%	 0%	 0%	 0%	 50%	 50%

The environmental effects assessment provides reassurance that priorities are

identified and decisions based on a full assessment of the situation (Joslin, 1996).

Many companies participating in the survey reported this consistent approach to

managing environmental effects to be advantageous. Perceived improvements

included more rigorous action planning (Pers. comm. Stebbing, 1996) and enhanced

focus on the impacts of activities, some of which may not have been captured by

previous ad hoc practices (Pers. comm. Kirk, 1996). P P Payne found the effects

register to be an invaluable tool for managing their environmental impacts (Pers.

Comm. Morris, 1996).

Prior to the EMS at Solvay Interox, improvement initiatives had been identified on an

informal basis. The all encompassing nature of the effects assessment highlighted a

number of issues outside the scope of the improvement programme (Table 7.14). The

temperature of the sewer effluent from the caprolactone plant was not monitored

although the discharge consent specified a maximum limit. This initiated investigations

into the need for routine temperature checks. Also on the caprolactone plant odours

from the residue storage tank were identified as significant due to their potential to

attract complaints. This led to investigations into the feasibility of high level venting to

disperse odours. The impact of office activities, including the use of paper and plastic

drinks cups, had not previously been considered important. The establishment of

recycling schemes was an easily implemented improvement which would have a

substantial beneficial impact on company culture and environmental awareness.
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Table 7. 14: New environmental projects identified at Solvay Interox Ltd as a
result of the envfronmental effects assessment

Significant Effect	 Proposed Action

Temperature of capa sewer effluent 	 Consider temperature checks

Vapours from capa residue tank	 Consider high level venting

Disposal of brine wash waste	 Consider fixed installations

Boron in persalts effluent to river 	 Include in measures and targets

Mercury in boiler house effluent 	 Include in measures and targets

Cadmium in boiler house effluent 	 Include in measures and targets

Potential leaking effluent pit (AO) 	 Further investigation

Halons in fire extinguishes 	 Review legal requirements

Waste plastic cups	 Include in office recycling group agenda

Electricity usage in offices	 Include in office recycling group agenda

Heating in offices	 Include in office recycling group agenda

Water usage in offices	 Include in office recycling group agenda

Paper usage in offices	 Include in office recycling group agenda

The effects assessment provides a focus for the EMS and helps in decision making.

Meaningful direction can only be achieved after the important issues are properly

identified (Powley, 1996). This allows companies to focus on certain areas, so the

mechanisms to achieve improvements are sought (Pers. comm. Booth, 1996).

Objectives and targets focus effort on the significant issues and help to maintain a high

standard of environmental performance (Barwise, 1996). They provide a means of

measuring success and improving employee motivation by providing a goal.

The management programme requires objectives and targets to be translated into

action by specifying project stages, timescales and responsibilities. This ensures all

employees are aware of their individual responsibilities in their achievement. Ricoh

(UK) Products also found that the EMS ensured the management programme was

traceable to corporate objectives (Pers. comm. Jackson, 1996).
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78. CONTINUAL ENVIRONMENTAL IMPROVEMENT

The UK Government has accepted that to meet international environmental

agreements, including the Montreal Protocol, Agenda 21, the Basle Convention and

the Convention on Climate Change, industry will need to commit itself to a reduction in

environmental impacts (McKenna, et al., 1996). Perhaps the major factor in the

credibility of formal EMSs is how far they succeed in delivering significant

environmental improvement (Klaver, et al., 1998) (Powley, 1995). A worthwhile EMS

should deliver improvement, but its scale is largely at the discretion of the organisation

(Chapter 4).

Companies adopting EMS standards are implementing a broad range of initiatives at

various rates of progress (Chapter 5). The lack of consistent environmental

performance indicators makes comparisons difficult. Although ISO 14031, containing

a framework for environmental performance measurement, is due for publication in

1999 this is unlikely to clarify the situation. The standard is for guidance purposes only

and is not intended for use as a specification. The establishment of comparable

performance indicators requires those working in a particular industrial sector to

research and advocate suitable measures (Welford, 1998a). This would allow

comparisons to be made between companies involved in similar industrial activities.

Brico Engineering, a Coventry based manufacturer employing 300 people, virtually

halted its landfill of waste, reduced noise pollution and almost eliminated smoke after

BS 7750 (British Standards Institution, 1 995a). Wolstenholme International, produces

bronze and copper powders and employs 260 at its Darwen site. They reduced

copper discharges by 60% and emission of VOCs by 75% (Garrett, 1998b) (ENDS

Report 263, 1996).

All companies participating in the survey reported that their EMS had led to

improvements beyond the requirements of legislation (Table 7.15) (Table 7.16). The

most common improvements were reduced waste, increased recycling and reduced

energy usage. The installation of containment, to reduce the risk of accidental

releases, and improved monitoring were also frequently reported. Fewer companies

255



achieved reductions in releases to water, air emissions or traffic movements. This

would be explained by the fact that significant effects in these areas are less common.

Table 7. 15: Reductions in environmental impacts achieved from adopting an
EMS standard within participating companies

Environmental Improvement
	

Percentage of Companies

Reduced atmospheric releases
	

23%

Reduced releases to river
	

18%

Reduced releases to sewer
	

9%

Reduced waste production
	

63%

Increased recycling
	

63%

Improved monitoring
	

72%

Reduced traffic
	

0%

Reduced raw material usage
	

45%

Reduced energy usage
	

63%

Reduced water usage
	

27%

Improved containment
	

68%

BlOC Cables believed that the appearance of the Blackley site had been much

improved by the work carried out by the Waste Management Team who improved

housekeeping and general site maintenance. Waste is now segregated at source and

recycled wherever possible. Pallets are paid for and removed by contractors, the

paper mill pays for and removes packaging and a compactor for polyethylene is being

investigated.
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Table 7. 16: Environmental improvement initiatives at EMS certified companies
participating in the survey

Company Name	 Examples of Improvement

Akzo Nobel Chemicals*	 • Installation of on site treatment for waste water

• Office paper recycling

• Reduction in energy usage by 18% from 1993-1995

Applied Chemicals	 • Waste reduction via production scheduling

• Reduced water usage for tank washing

Autosmart*	 • Energy savings by reduced heating & mixing

• Reduced water use by improved filling machines

• Recycling packaging

BICC Cables	 • Fume extraction

• Waste segregation and recycling

• Improved housekeeping & general maintenance

Dunlop Precision Rubber 	 • Introduction of water based tool degreasant

• Change in fabric priming to non solvent process

• Introduction of energy monitoring process

Epson Telford	 • Elimination of chlorinated solvents

• Elimination of CFCs in aerosols

• Recycling cardboard and paper

• Improved bunding of chemical stores

Gleaner Oils Ltd	 • Use of diesel cars

• Energy savings by reduced temperature of boiler

P P Payne	 • Production of recycled tapes

• Reduction in VOCs from 268 tonnes in 1994 to 229
tonnes in 1995 (despite a 22% increase in output)

Ricoh UK Products	 • Reuse of cooling water

• Toner compactor

• Expansion of photocopier reconditioning capacity

Shields Special Metals* 	 • Decommissioning of laboratory

• Reducing acid and alkali use

• Elimination of landfill of copper nitrate sludge

Thomas Swan & Co* 	 • Reduction in process vents to atmosphere

• Reduced air emissions and odour

• Re-routing trade effluent

Wavin Building Products	 • Reuse of waste material

* EMAS Registered Companies
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Detailed information relating to the environmental performance of EMS certified

companies is only publicly available if they are registered to EMAS. The

environmental statement requires companies to report on all areas of their

performance, including those not subject to improvement. Unfortunately the number of

UK companies certified to EMAS is low and detailed information relating to annual

environmental performance is difficult to obtain. The lack of consistent performance

indicators also adds to the difficulty of comparing individual company's performance.

The review of the three EMAS statements produced by the case study companies

indicated a wide range in the nature and extent of improvements being achieved in

registered companies (Chapter 5). Two other companies involved in the survey,

Shields Special Metals and Akzo Nobel Chemicals, also published environmental

statements for EMAS.

Shields Special Metals Ltd, who dismantle electromechanical materials for recycling,

reported substantial reductions in disposal of special waste and consumption of acids

and alkalis (Table 7.17). Discharges to sewer, emissions to atmosphere and

generation of copper nitrate sludge were eliminated by decommissioning the laboratory

(Shields Special Metals, 1996). As with many environmental improvements it is

difficult, however, to determine whether this was undertaken for environmental or other

business requirements. Improvements were not experienced in areas not subject to

objectives and targets, with electricity, water and fuel consumption increasing between

1994 and 1995.

Akzo Nobel Chemicals in Gillingham reported significant improvements in their

environmental performance within their EMAS statement (Table 7.17). They reduced

their landfill of general waste from 200 to 147 tonnes (27%) between 1994 and 1995

(Akzo Nobel Chemicals, 1996). The installation of on-site waste treatment facilities is

predicted to eliminate 2,000 tonnes per year of special waste. Energy consumption

was reduced by 18% in 1994 compared to 1993 and a further 9% in 1995 compared

with 1994 (Jordan, 1996). However, as was the case with Shields Special Metals they

also reported areas of deteriorating performance. The chemical oxygen demand of

their waste water increased by over 100 tonnes per annum due to the on-site

treatment of liquid waste previously sent to landfill. Levels of suspended solids also

increased between 1994 and 1995 although the 13 tonnes discharged represented

258



only 6% of the maximum consented level. In addition quantities of special waste

increased by approximately 250 tonnes which can be explained by increased

production (Akzo Nobel Chemicals, 1996).

At Solvay Interox Ltd environmental performance has been steadily improving since

1990. This can be attributed to a continuous process of improving control, increasing

employee awareness, changing working practices and improving monitoring. One

method of measuring environmental performance, the site waste index, indicated

dramatic improvements since 1992 (Figure 7.4). The quantity of substances

prescribed for released to air, as identified in the Environmental Protection (Prescribed

Substances and Processes) Regulations 1991, has also decreased since 1992 (Figure

7.2). Although BS 7750 contributed towards these improvements it cannot be

considered to be the main cause as substantial waste minimisation reviews were

undertaken prior to the formal system (Chapter 6).

Solvay Interox invested substantial capital expenditure in improving environmental

performance. This included the installation of effluent treatment, secondary

containment and improved monitoring. An example is the upgrade of the NWW

pumping station, to which the Company is contributing £200,000. Installation of

secondary treatment will substantially reduce the chemical oxygen demand levels in

the company's sewer effluent. Substantial improvements also resulted from the £6

million replacement of the old coal fired boilers, with new high efficiency, low emission

boilers (Table 7.18).
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Table 7. 18: Environmental improvements resulting from converting boilers from
coal to gas at Solvay Interox Ltd

• 93% efficiency versus 80% for old coal fired process

• 4000 less heavy goods vehicle movements per year

• 500 tonnes less sulphur dioxide (SO2) gas emissions per year

• 200 tonnes less oxides of nitrogen (NOx) gas emission per year

• 400 tonnes less dust emissions per year

• Over 10,000 tonnes less carbon dioxide (002) per year

• 15% improvement in site environmental performance index

• Significant reduction in local resident complaints

Continual improvement requires an ongoing process of evaluating effects and

implementing improvements. Individual effect's significance will vary with time as

legislation, stakeholder's opinions and environmental knowledge changes. By

regularly repeating the effects assessment new issues are identified as their

importance increases. At Solvay Interox the second assessment, undertaken a year

after the first, identified some effects having increased in significance (Table 7.19).

This was due to tighter legislation, improved understanding of impacts, increased

complaints or increased environmental incidents. In this way the EMS provided a safe-

guard against the deterioration of environmental performance from the failure to

acknowledge changing circumstances.

Ghobadian (1998) argues that companies do not necessarily, or inevitably, pursue a

linear approach towards environmental excellence. In fact they can jump from position

to position as the various factors determining their behaviour change. This research

has demonstrated that companies are motivated to address the environment by

external factors such as customer pressure and tightening legislation (Chapter 8). It

can be predicted that such factors will also influence the extent to which a company

with an EMS seeks to continually improve their performance. Certified companies

studied as part of this research have demonstrated a wide variety in terms of the

extent to which they seek to continually improve (Chapter 5).
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Table 7. 19: Effects increasing in significance between 1995 and 1996 at Solvay
Interox Ltd

Description of Effect 	 1995	 1996	 Explanation

VOCs from carbon beds	 Med/High	 High	 Tighter legislation

pH of Capa process effluent	 Low	 High	 Increased incidents

Temperature of Capa effluent	 Low	 High	 Changed opinion

Effluent from new distillation plant	 -	 Med/High New development

Disposal of brine wash waste	 Med	 High	 Increased incidents

COD of new Capa plant effluent 	 -	 Med/High New development

Flow rate of persalts effluent 	 Low	 Med/High Tighter legislation

Hg / Cd in boiler house effluent 	 Low	 Med/High Changed opinion

Halons in fire extinguishers 	 Low	 Med/High Tighter legislation

Effects from office activities	 Low	 Med/High Changed opinion

7.9. AN EMS AS A STRATEGIC TOOL

Traditionally the focus of industrial environmental management has been legal

compliance. EMSs were first developed to help high impact industries with a

significant risk of public and legal exposure (Sutton, 1997). This has led to direct

pollution, through air emissions, water pollution and waste, typically being treated as

the highest priority, even in companies certified to an EMS standard (Sheldon, 1995a)

(Table 7.16) (Chapter 5). This largely reflects the current regulatory framework and

fear of environmental prosecution.

Longer term issues such as raw material acquisition, design, research and

development are also important to an organisation's survival. Today's global issues

such as global warming, ozone depletion and natural resource shortages will be the

focus of future policy and legislation (Chapter 10). Organisations who anticipate future

trends and consider the impacts on their businesses will be better prepared for the

future. Those who look to reduce their consumption of solvents, for example, will

position their business to ensure its future survival. In comparison those who install

expensive abatement equipment may find that emission limits become progressively

tighter and abatement equipment increasingly expensive. By treating environmental

problems at source a longer term approach is achieved.
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EMSs are important in helping industry become more strategic. The Swiss Business

Environment Barometer 1997/98 surveyed 250 organisations across Europe and found

those with an EMS considered long-term, pro-active, market-oriented strategies to be

more important (Baumast, 1998). This is further substantiated by the Institute of

Environmental Management's 1996 survey which showed that EMSs are important in

helping an organisation take a strategic approach (Institute of Environmental

Management, 1 996a).

Systems provide regular mechanisms to re-evaluate company strategy and identify

emerging environmental issues. The effects assessment, register of regulations and

management review all require the company to consider future risks and government

policy. The need for continual improvement and the requirement to consider the views

of interested parties also have the potential to move environmental management

towards a sustainability-seeking orientation (Sutton, 1997). The standards also

suggest that life-cycle assessments could be adopted to assist in product design

(British Standards Institution, 1996a) although none of the companies participating in

the survey had adopted such detailed approaches.

By spreading responsibilities throughout the organisation an EMS can also liberate the

environmental manager to spend more time analysing and advising on strategy.

National Power's EMS significantly reduced the time spent by the staff at Head Office

on environmental auditing. Previously a team spent 5 days auditing each of the 13

sites every two years. As they now have their own internal auditing systems, and are

audited every six months by EMS assessors, a simple annual audit lasting one day is

sufficient for each site. This has allowed the Group Environmental Co-ordinator's role

to become more strategic, concentrating on the commercial issues and longer term

legislation rather than short term compliance (Institute of Environmental Management,

1 996c).

Whilst EMS5 can assist companies in developing a strategic approach having a

system in place does not equate to being strategic. Environmental managers need to

ensure strategic environmental issues are incorporated into their systems (Figure 7.6)

(Chapter 10). Critical to the development of a strategic outlook is knowledge of a

constantly shifting agenda so as to anticipate and prepare for change (Institute of
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does the register of effects reflect a
broad and strategic range of issues?

Environmental effects

does it reflect a vision of a sustainable
business ?

Policy

are people engaged in a way that will
deliver innovative approaches?

Organisation

4 do your objectives relate to the
strategic issues you have identified?

Objectives

Environmental Management, 1996c). Bench-marking against other countries and

competitors can assist in identifying weaknesses in existing management systems.

Sweden and Norway, for example, often adopt the toughest environmental criteria. An

understanding of their legislative framework can help to ensure future compliance with

legislation elsewhere. There are also a number of documents which outline current

scientific facts, policies and strategies. The European Environment Agency's state of

the environment report Europe's Environment: The Dobris Assessment: identifies 56

key environmental issues for Europe (European Environment Agency, 1995). In

addition annual reports to This Common Inheritance: Britain's Environmental Strategy

outline future UK policies and commitments (Department of the Environment, 1990)

(Chapter 10).

Figure 7. 6: Developing an EMS as a strategic tool (from the Institute of
Environmental Management, 1996b)

Management programme 	 4

Management audit and	 ________________
4review

is it imaginative and does it contribute
to developing the business while
minimising environmental effects?

are these geared to monitoring
strategic issues and to ensuring that
the management approach develops to
reflect change?
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7.10. SUMMARY

The adoption of an EMS standard requires some key changes to management

practices and company culture. Firstly, it is necessary to embrace a holistic and

dynamic approach where EMS components are closely inter-related and dependent

upon each other. This differs from traditional environmental management, still

operated within the majority of companies without formal systems, where the tendency

is to focus on a limited number of unrelated activities. To ensure EMSs deliver year on

year improvement in performance it is necessary to adopt a broad scope by

considering as many elements as possible in the effects assessment.

By specifying the individual requirements of an EMS the standards can provide a

useful model to assist companies with less comprehensive systems to manage their

environmental impacts. For those with their own formal in-house systems the

standards can strengthen existing systems and improve links between environmental

management elements.

It is inevitable that introducing a formal system, meeting the requirements of a

recognised standard, will involve increasing documentation. However, certified

companies do not perceive this to be a disadvantage. Documented procedures ensure

that staff are aware of their responsibilities and are particularly useful during periods of

staff absence or turnover. They can also allow managers to liberate their time by

facilitating the delegation of tasks throughout the organisation.

Formal systems are beneficial in improving planning and decision making. In

companies with limited previous understanding of their environmental impacts adopting

a standard can assist in identifying the significant issues. Whilst a formal system may

be less valuable in improving understanding for companies with more in-house

expertise, it provides reassurance that decision making is based on a full

environmental assessment. Issues can also be identified which have previously been

overlooked. External certification is beneficial by ensuring the system is updated and

new issues identified as they become significant.
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One of the major barriers in implementing an EMS is employees resistance to change.

Overcoming this requires substantial effort but yields significant benefits. Many of

those organisations responding to the survey cited improvements in employee

awareness and motivation as the most beneficial outcome of having implemented the

system. A variety of mechanisms are being adopted by certified companies to achieve

the desired levels of employee environmental awareness. In particular employee

involvement in local environmental improvement projects, such as landscaping or

conservation, can be particularly beneficial.

A key test of the success of EMSs is the extent to which they are successful in

improving environmental performance. The survey results illustrated a substantial

range in the nature and level of improvement sought. Detailed data on environmental

performance is difficult to obtain but can be found by reviewing environmental

statements produced for EMAS registration. These indicate that whilst certified

companies can frequently demonstrate significant improvements in some areas this

does not typically occur in all areas of activities.

An EMS can assist companies in developing a more strategic approach (Baumast,

1998) (Sutton, 1997). Consideration of issues of future importance can be

incorporated into the effects assessment, register of regulations and the management

review. By tackling these issues earlier companies can avoid future problems and

costs by predicting the focus of UK and EC legislation (Chapter 10).
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CHAPTER 8

8.0. EMS DRIVERS AND BENEFITS

8.1. INTRODUCTION

Companies adopting the EMS standards and seeking external certification are

motivated by various reasons. Their perceptions regarding the extent to which their

organisation may benefit will have played a critical part in their decision to adopt a

systematic approach. Due to the recent nature of the standards there remains a lack

of comprehensive data on which to base these decisions. This is leading to

uncertainty within industry and causing many companies to delay their decision until

more substantial evidence is available (Chapter 2). It is essential that the experiences

of certified companies are evaluated to assist others in making an informed decision

regarding whether a formal EMS is the most appropriate option for their organisation.

This chapter identifies and evaluates the benefits of adopting an EMS standard.

Evidence is drawn from all four phases of the research including the desk study, the

experience survey, the five detailed case-studies, and the applied research at Solvay

Interox Ltd. Improvements in operational efficiency, competitive advantage, public

image, legal compliance, supplier performance and access to capital, investment and

insurance are considered. The extent to which the benefits vary between

organisations is analysed by consideration of the impacts of independent and

moderating variables (Chapter 3). Independent variables requiring consideration

include company size, industrial sector, nature of environmental effects, degree of

regulation, location and the markets in which the company operates. Potentially

moderating variables include the company's starting position; their driver for

implementation; the particular standard adopted; the extent of integration with other

systems and the degree of employee training and involvement.
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8.2. EMS DRIVERS

The survey of certified companies indicated the main drivers for EMS implementation

were legislative compliance (29%) and competitive advantage (24%) (Figure 8.1). The

desire to achieve financial savings or improved public image were considered less

important. Several companies were motivated by pressure from their parent company.

Epson Telford, owned by a Japanese company, implemented their system as a pilot

for group wide implementation of ISO 14001.

These findings are consistent with those of previous research (Ghobadian, et al.,1 998)

(McKenna, et al., 1996). A survey of 84 top UK companies carried out by consultants

Arthur D Little found external factors such as legal compliance (69%) and competitive

advantage (41 %) were considered to be more important than internal improvements in

process efficiency (31%) (ENDS Report 252b, 1996) (McKenna, et al., 1996).

Figure 8. 1: Motivating factors for EMS implementation
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Legislative compliance was particularly important for companies prescribed as Part A,

under the Environmental Protection (Prescribed Processes and Substances)

Regulations 1991. Three of the four Part A companies (75%) reported legislative

compliance as the main driving factor. It was also the main motivating factor for

chemical companies, reflecting their tighter regulation (Table 8.1). In comparison,

small and medium sized enterprises (SMEs), which tend to be less tightly regulated,

were mainly motivated by the desire to achieve a competitive advantage. This is

particularly important as they are often suppliers to larger organisations, who are often

the earliest adopters of the EMS standards (Business and the Environment, 1997).

Table 8 1: Main EMS drivers versus industrial sector within participating
companies

Number of companies vs motivation

Industrial Sector	 Competitive advantage

Public image

______ ______ Legislative compliance

Customer pressure

Financial

Other

Chemicals	 3	 1

Metal products	 1	 1	 1

Paper products and printing	 2	 1

Electricity, gas and water supply	 1

Wood and wood products	 1

Rubber / plastic products 	 ______	 1	 1

Electrical and optical equipment 	 1

Refined petroleum products 	 1

Other machinery and equipment	 2	 1	 1

8.2.1 EMS DRIVERS VERUS BENEFITS

At the time of the survey, approximately a year after certification, participating

companies reported cost savings and improved employee motivation to be the most

significant benefits (Figure 8.2). This conflicts with their reasons for initially adopting

the standard, which were mainly to achieve legislative compliance or competitive
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advantage (Figure 8.1). This illustrates that prior to implementation companies often

underestimate an EMS's potential to reduce costs and improve employee motivation.

Those reporting employee awareness to be one of the most significant benefits had

consistently involved them during implementation and undertaken substantial training

exercises (Chapter 7). In SMEs improvements in competitive advantage were

reported to be equally as important as cost savings (27%), with employee motivation

being less significant (18%). This can be explained by the generally more effective

communication present within smaller companies, which often manifests itself in higher

motivation levels.

Figure 8.2: Main benefits reported by companies participating in the survey
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Similar results were found by SGS Yarsley in their 1996 survey of 500 organisations

across France, Germany and the Netherlands. The main driving factors were external

forces such as regulatory compliance, customer pressure and improved market share

(ENDS Report 261, 1996) (Environment Business, 1 996a) (SGS Yarsely, 1996) (Table

8.2). After certification these were of least importance and the clearest benefit was

improved staff awareness followed by reduced pollution, legislative compliance,
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reduced risks and waste, and finally better working conditions. This clearly suggests

that organisations frequently underestimate the long term impact of an EMS on

motivating employees and improving operational efficiency.

Table 8. 2: Driving factors for EMS implementation (SGS Yarsley, 1996)

Motivating Factor	 Percentage of Companies

Compliance with legislative requirements 	 81 %

Improved market share	 80%

Customer pressure	 78%

Public recognition	 64%

8.3. COST SAVINGS & EFFICIENCY IMPROVEMENTS

It is well established that environmental initiatives can result in financial savings

through waste minimisation, reduced raw material consumption and improved energy

efficiency (Environmental Business, 1996a) (Alleid Colloids, et al., 1995) (Hill, etal.,

1994 and 1995) (Aspects International, et al., 1994) (Gray, et al.,1993). These

initiatives have the potential to substantially affect profitability as waste Costs both to

produce and during disposal. Cost savings represent an on-going annual contribution

to profit (Little, et al., 1992).

Since the publication of the EMS standards a large number of certified companies

have published data on Cost savings. Layezee Beds, Wolstenholme International,

Design for Distribution, Birds Eye Walls and Vauxhall Motors all published savings

from their EMS in excess of £100,000 per annum. Birds Eye Wall's ice cream factory

in Gloucester, employing 1,000 staff on its 84 acre site, saved £250,000 per annum

(ENDS Report 264b, 1997). Vauxhall motors, with over 4,000 employees at their site

in Ellesmere Port, saved £120,000 in electricity in six months in addition to £43,000

through reducing landfill waste (Healy, 1995). National Power turned around its

£200,000 annual bill for general waste disposal into a profit of £26,000. A member of

staff was assigned responsibility for waste minimisation on site. This resulted in

investment in crushers for drums and fluorescent light bulbs, recycling waste oils and
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the purchase of a waste compactor. Used materials are re-sold wherever possible and

contractors have been asked to remove the waste they generate whilst on site (ENDS

Report 247, 1995).

The review of published literature indicates that savings are not limited to larger

organisations. Renlon Ltd is an example of a small company gaining significant

savings from their EMS (Hill, et al., 1995). They have a turnover of £6 million and

employ approximately 60 people in the business of property preservation through pest

control. The initial review and effects analysis achieved savings of £22,000 per

annum. Returning chemical drums for re-use reduced special waste disposal by

£1000 per annum. Replacing their transport fleet with diesel vehicles and the

establishment of an energy efficiency programme gave annual savings of £17,000 a

year. In addition the more effective control of printing and stationery using recycled

paper, saved over £4,000 annually.

In December 1996 the Department of the Environment published case studies from

EMAS registered companies (Table 8.3) (Department of the Environment, 1996b).

Layezee beds, a member of the Silent Night Group, employs 350 staff and

manufacturers 7,000 beds a week, at its West Yorkshire site. The company was one

of the first to gain certification to BS 7750 and EMAS. The introduction of their EMS

resulted in financial savings of more than £250,000 per year in waste reduction, energy

conservation and the recycling of vehicle washings (Hillary, 1995). Design to

Distribution (D2D), a wholly owned subsidiary of ICL, are one of Europe's leading

electronics manufacturing businesses. They design, manufacture and test base and

assembled circuit boards at their plant in Kidsgrove, Staffordshire. Their CFC

eradication programme, completed in 1991, is now saving over £250,000 per annum

and the move to videoconferencing has reduced mileage by 750,000 per annum

(Environmental Excellence, 1995). Since adopting BS 7750 they have achieved

financial savings of £290,000 per annum on process chemicals alone, giving a

payback on the £1 million investment in new capital equipment in 3 years (ENDS

Report 242, 1995).
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Table 8. 3: Financial savings achieved through EMAS (Department of the
Environment, 1996d)

Company Name	 No of	 Business Activity	 Quantification
__________________ Employees	 of Savings

Loudwater	 <250	 Greeting card manufacture	 £20,000

Woodcote Industries	 230	 Engineering and forging	 £250,000

Layezee Beds	 350	 Bed manufacture	 £250,000

Design to Distribution	 > 250	 Electronics	 £3 million

The emprical data collected from the experience survey of 22 certified companies

found that in 77% of cases an EMS results in financial savings. In 45%, companies

were able to estimate the value of these savings (Table 8.4). At the time of the survey

savings ranged from £30,000 (Carson Office Furniture, 160 employees) to £500,000

per annum (BlOC Cables, 350 employees) (Table 8.5). Due to a lack of

comprehensive environmental accounting systems, these may be an underestimation

in some cases as they include only the more significant savings rather than those

resulting from every improvement.

Table 8. 4: Extent to which EMS led to financial savings in participating
companies

Response	 Percentage of	 No of Companies
Companies

Financial Savings Achieved 	 77%	 17

Financial Savings Achieved & Quantified	 45%	 10

No Financial Savings	 23%	 5

The main variable influencing the value of savings achieved is company size. Those

employing over 250 staff averaged annual savings of £170,000, with a maximum of

£500,000. In comparison SMEs achieved an average annual savings of £60,000 with

a maximum of £100,000. These results are consistent with those found by a

programme undertaken by the Rover Group to implement BS 7750 and EMAS with six

of its automotive parts suppliers. They also found that savings in smaller companies
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ranged from £60,000 to £100,000 per annum (Business in the Environment, 1997)

(Rover Group, 1994).

Table 8. 5: Sources & Quantification of Financial Savings from EMSs

Company Name	 Source of Savings	 Savings	 No of

____________________ ____________________________ (1 year) Employees

Akzo Nobel Chemicals • Reduced water usage	 £80,000	 132

• Reduced energy usage

• Office paper recycling

• Process improvements 	 ___________

Applied Chemicals 	 • Waste reduction techniques	 £100,000	 150

• Energy and natural resource
mininiisation

BICC Cables	 • Waste minimisation	 £500,000	 350

Carson Office Furniture • Waste minimisation 	 £30,000	 160

Epson Telford	 • Paper recycling (El 05k/a)	 £130,000	 1,700

• Returning pallets (E24k1a)

NDM Manufacturing	 • Waste reductions	 £50,000	 650

• Energy savings	 __________ ___________

P P Payne	 • Waste reduction (El 3k) 	 £50,000	 252

• Disposal costs (E7k)

• Others (E30k)	 ___________

Philips Components	 • Energy reduction	 £150,000	 400

• Water reduction

• Reduced waste disposal.

Ricoh Products	 • Reduced toner waste (E30k)	 £100-	 740

• Water usage reduction (E45k)	 200,000

• Energy reduction (E40k)

• More reconditioning (El 00k) 	 __________ ___________

Shields Special Metals	 • Decommissioning of labs	 £35,000	 100

• Reduced acid I alkali use

• Landfill of Cu nitrate sludge	 ___________ ____________

Four companies (23%), reported that no savings had been experienced within the first

year. There are three reasons why this may be the case. The first is that limited data

is available on waste and resource costs. In such organisations it is necessary to

establish a monitoring system before it is possible to identify and implement cost
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saving opportunities. The second reason is that comprehesive waste minimisation

surveys have already been undertaken. The adoption of an EMS standard may not

therefore immediately identify further savings. This was reported to be the case at

Anaplast Ltd, who felt all savings had been achieved prior to BS 7750. The third

explanation is that there is minimal scope within the organisation. This would be the

case in a small company, who perhaps only spends £1000 a year on energy and have

their waste collected weekly by the council. A 10% reduction in energy consumption

will only result in savings of £100 per annum. This illustrates that substantial financial

savings are most feasible in companies with high resource consumption and waste

disposal costs (Chapter 10). In addition savings will be particularly apparent in

companies who have not previously considered waste minimisation where there will be

ample opportunities for improvement.

The detailed case study research found substantial variety in the cost savings

achieved. The greatest improvements were achieved at BlOC Cables and Autosmart

Ltd. BICC Cables, employing 350 staff in the manufacture of telecommunication

cables, achieved annual savings of £500,000 through the introduction of waste

minimisation and cable recycling. Autosmart Ltd, employing 55 workers in the

manufacture of water-based cleaning chemicals, reported increased efficiency to be

the most significant benefit of their EMS. Savings were achieved by reviewing existing

procedures with an improved understanding of environmental impacts (Pers. comm.

Munro, 1996). Experiments found that certain products could be manufactured cold as

opposed to hot, yielding savings in energy consumption. Effluent disposal costs were

renegotiated and effluent volumes reduced by the introduction of formal washdown

procedures. Savings were re-invested into the company and contributed towards

preventing a price increase in the last three years (Robinson, 1996).
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Table 8. 6: Re-investment of savings at Autosmart Ltd achieved through their
EMS

Investment	 Added Benefits

Redesign of the manufacturing facilities 	 Reduced effluent and spillages

Purchase of in-house labelling facility	 New export markets

Reduced heating of storage buildings

Purchase of aerosols filling equipment	 Reduced contractor costs

Improved chemical storage	 Reduced liabilities

In 1997 Contract Chemicals was succesful in reducing water consumption by 8%,

equivalent to over £10,000, and anticipated electricity savings of 900MWh, equivalent

to approximately £60,000 (Contract Chemicals, 1997). In 1996 J & J Makin achieved

annual savings of £50,000 by eliminating the use of heating oil and reducing electricity

consumption by 33% and gas by 70% from consolidating all activities in one building.

However, since then no further programmes had been established for waste

minimisation and limited employee training had been provided (Chapter 5). Thomas

Swan felt their system had led to partial savings but could not estimate these in

financial terms. This can be explained by the large influence of tightening legislation

on their decision to adopt an EMS. Their system was largely compliance focused and

substantial emphasis was paid to risk minimisation.

A number of factors contributed towards BICC Cables' and Autosmart's success in

achieving cost savings. Both companies were motivated by the desire to achieve a

competitive advantage rather than to reduce liabilities or improve public image. This

enabled them to focus on areas which would result in cost savings or improved market

position. As environmental management was new to both of them there was

substantial scope to save. Their environmental commitment was illustrated by their

choice of a senior manager, with significant knowledge of the business, as EMS

champions. These individuals demonstrated considerable enthusiasm and ability to

motivate others. Their responsibilities included Total Quality Management and

substantial effort was committed to employee training and involvement (Chapter 6).

Environmental management was integrated with an existing ISO 9000 system and

assumed a high profile within the organisation.
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At Solvay Interox Ltd substantial waste minimisation reviews, prior to the

implementation of the EMS, had identified potential savings in excess of £1 million per

annum, Improvements yielding annual savings of £272,420 were implemented during

1994 and 1995 (Table 8.7). This illustrates that substantial savings can be achieved

without a full EMS (ENDS Report 255a, 1996) (Hill, et al.,1994 and 1995) (ENDS

Report 217, 1993). Alleid Colloids in Bradford worked with HMIP on their high profile

"3Es" project looking at emissions, efficiencies and economics. They demonstrated

annual savings of over £400,000 at little capital cost (ENDS 255a, 1996) (Allied

Colloids, etal., 1995). Many regional waste minimisation projects such as the Aire &

Calder Project, Project Catalyst, Merseyside Waste Demonstration Project achieved

similar results. Project Catalyst, the largest waste minimisation project in the UK,

involved 14 participating companies from a wide range of industries. It was funded by

the Department of Trade and Industry and the BOC Foundation and delivered by

Aspects International, March Consulting and WS Atkins. During the 16 months

potential savings totalling £8.9 million a year were identified across participating

companies. Savings of over £2.3 million were implemented before the end of the

project (Aspects International, et al., 1994).

Table 8. 7: Financial savings achieved at Solvay Interox Ltd through waste
minimisation

Plant	 Source of Savings	 Annual
Savings ()

AO	 Reduction in disposal costs by conversion of AO Tars to 	 £7,000
sewer.

AO	 Reduction in labour and raw material usage by improved 	 £48,240
filter cleaning.

AO	 Reduced hydrogen usage by continuous addition of 	 £22,680
catalyst.

AO	 Increased ratio of well water to mains water usage 	 £15,000

Boilers	 Reduced mains water usage on compressors 	 £81 ,000

Persalts Conversion of scrubber from water to process liquor 	 £20,000

Capa	 Filter cleaning modifications 	 £58,500

Capa	 Improved cooling of stripper / fractionator 	 £20,000

£272,420
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Although financial savings are possible in isolation, waste minimisation forms a critical

part of an EMS. The main benefit of a full system is the ongoing process of identifying

improvements. The effects assessment and objectives and targets provide a formal

process for continuafly identifying cost savings. Certification to an EMS standard will

ensure waste minimisation is not a one-off exercise.

As environmental performance improves it can be predicted that traditional efficiency

gains will become harder to achieve and less spectacular. Companies may reach a

stage whereby the majority of low cost savings have already been achieved. This was

reported to be the case by the Rover Group, based on their experiences of EMS

implementation in six of their suppliers. It was more difficult for companies with good

environmental performance to make additional improvements without considerable

capital investment (Business and the Environment, 1997). Such expenditure must be

linked to cost-benefit analysis and will depend on capital availability within the

organisation. In the future, the feasibility of certain projects may improve as waste

disposal and resources costs increase. An example is the landfill tax introduced in

1996 which greatly increased waste disposal costs and provided an additional

incentive to reduce waste at source (Chapter 10).

The more strategic companies are realising that although traditional efficiency gains

may become harder to achieve the development of a longer-term approach will lead to

future savings. As discussed in the previous chapter an EMS can assist companies in

developing a more strategic outlook. As external costs in terms of detriment to the

environment form the basis of future international and EC policy companies

considering the impacts of such policies on their businesses will become more

competitive in the future. Examples include incorporating environmental life-cycle into

design procedures and redesigning products and processes (ENDS Report 254b,

1996) (Chapter 10).
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8.4. COMPETITIVE ADVANTAGE

Educated customers are increasingly encouraging their suppliers to improve their

environmental performance. This has led to environmental criteria beginning to be

built into procurement requirements. In 1991 B & 0 took the lead by requiring that all

suppliers demonstrate environmental commitment through a documented policy and

only use timber from managed forests (Knight, 1995 and 1996). Each supplier

completes a detailed questionnaire used to grade their performance from A to F. This

depends on the nature of timber and packaging used, the existence of supplier audits,

the import of products from developing countries and the use of hazardous chemicals.

Suppliers Graded F were required to achieve a Grade C by July 1994 and Grades D

and E by November 1994. Failure to meet these deadlines led to 14 suppliers being

removed from B & 0's approved supplier list.

Since 1 991 many other companies, including British Gas, British Telecommunications,

The Rover Group, Jaguar and IBM have begun to make similar demands on their

suppliers. Through the use of a generic purchasing standard British

Telecommunications built environmental considerations into their tendering process for

products and services. Environmental performance, together with product reliability,

quality and functionality, is used to choose suppliers. In 1993 an Environmental

Purchasing Panel, consisting of industrialists, environmentalists and academics from

across Europe, was established to advise on environmental issues relevant to

procurement (British Telecom, 1996). Their focus in 1995-6, due to continued public

concern, was the procurement of paper and print. All suppliers are required to submit

details on forest management practices, energy consumption, de-inking processes and

emissions to air and water. The specifications were reviewed in 1995/6 to require

suppliers to provide more information on potential eco-toxic effects of effluents and to

tighten their limits for emissions to water and air. The next stage for BT is to make

procurement specifications relating to other products and services more stringent.

A certified EMS can provide an easier answer to customers' enquiries regarding

environmental performance. In some cases certification is necessary to meet their

expectations and secure new contacts. Inaction may reduce market share by

excluding companies from approved supplier lists. 	 This will give competitors
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responding more rapidly to customer pressure an advantage. In 1997 the Rover

Group told their suppliers they were expected to achieve ISO 14001 or EMAS by the

end of 1998 (Business and the Environment, 1997). In April 1998, IBM wrote to over

900 suppliers specifying their commitment to purchasing from environmentally.

responsible companies and asking them to achieve certification to the standard (ENDS

Report 280, 1998). These represent two of many companies placing such demands

on their suppliers.

An EMS can improve competitive advantage by encouraging organisations to develop

less environmentally damaging products. This was the case for several companies

responding to the Institute of Environmental Management's 1996 survey of members

(Institute of Environmental Management, 1996c). In light of recent water shortages a

company involved in the manufacture of car cleaning products realised they needed to

look for alternative products and services to increase their market share. They created

new opportunities from negative situations. Another company manufacturing

equipment for the oil and gas industries for over 100 years realised that there were

limitations in the longer term to their existing market place. The environment gave

them the chance to develop a new market by diversifying products whilst still

capitalising on existing skills.

It is difficult to directly attribute increased sales with improved environmental

performance as many other factors are involved. Increases in market share are likely

to be attributable to a wide variety of factors, one of which may be the existence of an

EMS. Loudwater Litho, a Watford-based printer, was the first small company in the UK

to achieve registration under EMAS. They found the ability to prove environmental

credentials resulted in the company securing many new contracts, particularly with

blue-chip companies who would not have previously considered them. In the first 18

months following registration turnover doubled to nearly £5 million (Department of the

Environment, 1996b). Tioxide's Grimsby plant is finding their EMS helps sales of

pigment to its Scandinavian Markets (ETBPP, 1998) (Garrett, 1998a). Thomas Swan

& Co reported that at least two additional contracts for manufacture of speciality

chemicals were won, in part due to their certified EMS (Garrett, 1 998a).
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The emprical data from the survey indicated that 45% of companies believed their

EMS resulted in a competitive advantage during the first year after certification.

Autosmart Ltd, who export to Scandinavia, Australia, Ireland and Europe achieved

significant improvements in market position through training their sales force to

communicate their environmental commitment to customers. When a Swedish

company, Johnny Lance, was looking to the UK for a supplier they won the contract

because of their BS 7750 certification. Their substantial internal efficiency

improvements contributed to preventing a price increase in three years resulting in

domestic sales increasing by 20% and exports by 120% (Robinson, et al.,1998)

(Business and the Environment, 1997). They also realised they could transfer their

improved vehicle washing procedures to customers and achieve a marketing

advantage. By switching to a cold-spray device and reducing application and washing

times by using a higher concentration of chemical they could demonstrate savings of

£19,000 per annum to one customer. None of their competitors provided the same

level of service and this helped secure the customer's account (Robinson, et al.,

1998).

Shields Special Metals considered the main benefit of their EMS was the ability to

secure contracts with major plcs. The company has a long-term contract with BT to

safely dismantle electro-mechanical materials, to ensure the safe disposal of

hazardous materials (eg PCBs) and to recover precious metals and other materials for

recycling. Their commitment to BS 7750 originated from the Managing Director,

Gordon Shields, who recognised the need to differentiate the company from the less

responsible scrap metal merchants (Clark, 1995). Certification led to them being

included in BT's qualified supplier list. They were highly commended in their

Environmental Supplier of the Year Award in their first year of entry and became

winners the following year (Shields Special Metals Ltd, 1996).

The ability to demonstrate a high level of environmental performance, by certification

to an EMS standard, is particularly important for companies exporting to Europe.

European companies are taking the lead in EMAS registration and therefore require

high standards from their suppliers. Epson Telford Ltd, who employ 1,700 staff in the

manufacture of computer printers, reported certification had significantly helped to

meet the requirements of their German customers.
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Customers at Solvay Interox had been enquiring about environmental performance

since 1992. Enquiries relating specifically to the adoption of an EMS standard have

ranged from 1 to 4 a year (Table 8.8). One EMS certified customer, Thomas Swan

Ltd, visited to undertake an environmental audit. A questionnaire was completed

covering a range of issues. Commitment to an EMS standard contributed towards the

achievement of a Grade A in the assessment. Although it is difficult to exactly

measure improvements in competitive position should the existence of an EMS result

in a 1 % increase in turnover, for example, this would increase revenue by £70,000 a

year.

Table 8. 8: Number of environmental enquiries received from customers at
Solvay Interox Ltd

Year	 Environmental Enquiries	 Enquiries Regarding EMS
Certification

1992	 1	 1

1993	 6	 4

1994	 1	 1

1995	 2	 2

1996	 4	 4

The extent to which an EMS improves competitive advantage depends on the markets

in which an organisation operates. At present companies supplying corporate

organisations, who themselves are likely to be the first to gain EMS certification, are

more likely to enhance their market position. This is also true of those supplying

countries with high environmental standards, such as Germany and Scandinavia.

Pressure from customers is also influenced by industrial sector. Those associated with

a negative image, such as the paper, wood or automobile industry, are more likely to

experience supply chain pressure. This is likely to spread to other sectors as the

uptake of ISO 14001 becomes more widespread. Companies responding more rapidly

to the environmental challenge will experience an enhanced competitive advantage in

the future.
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8.5. IMPROVED PUBLIC RELATIONS

EMS certification can help to demonstrate to the general public, as well as customers,

commitment to the environment. It provides an answer to public pressure for

independent evidence on a company's environmental performance. EMAS is

particularly likely to improve public image through the publication of the externally

validated environmental reports. This gives an organisation increased credibility and

allows improvements to be demonstrated in the context of previous mediocre

performance.

The experience survey indicates improved public image to be an important benefit of

EMS implementation. 82% of participating companies scored the improvement to be 3

or above on a scale of 0 (no improvement) to 5 (substantial improvement) (Table 8.9).

Improvements to public image were considered to be particularly important in SMEs

with 92% of participating companies scoring 3 or above. This illustrates that improved

public image is significant for a wide range of industrial sectors and is not limited to

those high impact industries associated with a traditionally negative public perception.

Dunlop Precision Rubber experienced some of the biggest gains from implementing an

EMS in improved public relations. The company became better perceived by its local

communities and employees became increasingly reassured by the national

recognition regarding the company's environmental commitment (King, 1995b).

Shields Special Metals Ltd were invited to present to the Department of the

Environment and Ministry of Defence on integrating the environment into purchasing

after the introduction and certification of their EMS. They also presented to a

workshop on Environmental Issues with British Telecommunications (Shields Special

Metals Ltd, 1996).
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Table 8. 9: Perceptions of the extent to which EMS improved public image

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 0	 9	 9	 32	 32	 18

Improvements in public image can be achieved by a variety of mechanisms. BlOC

Cables, initiated several projects to strengthen links with the local community. These

included the donation of an area of land to the local scouts group for use as a football

pitch and the painting of a mural on site by local schools (Chapter 5). The site's profile

as an environmental exemplar was believed to have escalated amongst the workforce.

This resulted in them hosting the BlOC Cables European Environmental Forum.

Representatives from BlOC plants gathered from across Europe and were openly

impressed by the quality of environmental management at Blackley (Reynolds, 1996).

Applied Chemicals improved their public image by hosting visits from various overseas

delegates including groups from Korea and Japan (Counsell, et al., 1995). The EMS

also led to involvement with the local community through the Coventry Groundwork

Trust and initiatives with local schools.

Tallent Engineering joined a collaborative programme with local further education

colleges and industry. They pooled resources to develop ideas and a starter pack for

cost effective environmental management. A video and sample EMS procedures were

made available to other companies in the area (Environment Business Magazine,

1996).

Solvay lnterox's experiences with EMS implementation featured at a Teaching

Company Directorate Conference on Environmental Issues in Belfast. They also

hosted a visit for the DTI-sponsored initiative, Inside North West Enterprise. Lectures

to the Environmental Resources M.Sc. Course at Salford University and a course for

smaller companies, Environmental Management Matters, helped promote Solvay as

an environmentally responsible company. The policy statement was included in the

environmental report circulated to local residents, customers and in response to

enquiries from interested parties.
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By reassuring local residents and pressure groups an EMS can be beneficical in

increasing the likelihood of successful planning applications (Environment Business,

1996c). At Solvay Interox local residents opposed an application for planning

permission for a new Caprolactone Plant because of fear of increased traffic

movement. To obtain planning permission they agreed to limit HGV movements to

prevailing levels.	 Commitment to an EMS standard demonstrated that full

assessments of the environmental effects, including those expected from the new

Caprolactone Plant, had been completed. It provided reassurance by demonstrating a

programme was in place to continuously improve performance.

The EMS standards ensure complaints are recorded, investigated and actions taken to

prevent reoccurrence. Any environmental effect attracting complaints needs to be

identified as significant and programmes established to minimise its impact. This was

the case at Ciba Clayton, in Manchester, where complaints regarding these issues

significantly reduced in 1995, the year they gained certification to BS 7750 (Table

8.10).

Table 8. 10: Environmental complaints at Ciba Clayton (from Ciba Clayton, 1996)

Complaint Category

Aqueous pollution

Particulate emissions

Gaseous emissions

Land pollution

TOTAL

1991	 1992	 1993	 1994	 1995

1	 2	 3	 4	 1

11	 8	 6	 5	 2

4	 9	 3	 2	 1

6	 1	 0	 1	 0

22	 20	 12	 12	 4

Care is required in using the number of complaints as a performance indicator. Initially

an EMS may increase recorded complaints due to improved recording procedures.

They should therefore only be used to measure performance once effective recording

systems are established. At Akzo Nobel Chemicals, complaints remained

approximately constant after implementation of their EMS. In 1994, 3 complaints were

received regarding noise compared to 4 in 1995, the year after certification. These

were due to the one-off demolition of several buildings to allow for a new road.
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At Solvay Interox the number of complaints recorded increased dramatically between

1993 and 1995 (Figure 8.3). Of the 32 recorded in 1995 over 80% were attributed to

three particular issues, odours associated with effluent released from a local pumping

station, traffic movements and intermittent noise from the dryers on the Persalts Plant

(Table 8.11). Significant effort was focused on rectifying these concerns. An odour

control unit was purchased and installed at the pumping station and £40,000 was

presented to North West Water to assist in upgrading the station. A new silencer was

fitted to one of the dryers on the Persalts Plant and ongoing noise complaints were

investigated.

Figure 8. 3: Number of environmental complaints per year at Solvay Interox Ltd
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Table 8. 11: Environmental complaints received in 1995 by Solvay Interox

Complaint Category

Noise

Odour

Traffic

Miscellaneous

Percentage of Complaints in 1995

22%

37%

28%

13%
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8.6. LEGAL COMPLIANCE & RISK REDUCTION

The main EMS driver in heavily regulated industries, such as chemicals and

pharmaceuticals, is often to comply with legislation (Morris, 1995). In the USA fines

and civil damages can be sufficient to make a company bankrupt. The Exxon Valdez

disaster cost Exxon over $6 billion in clean-up costs, penalties and damages (Hill, et

al., 1996). Whilst UK liability regimes are less onerous, the EC's Polluter Pays

Principle is leading to greater fines and clean-up costs (Table 8.11).

Maximum fines under the Environmental Protection Act 1990 are £20,000 in a Local

Magistrates Courts and unlimited in the Crown Courts. In July 1998 lCl Chemicals and

Polymers were fined £300,000 plus costs of £51 ,000 after pleading guilty to breaching

their IPC authorisation resulting from a spill of 147 tonnes of chloroform (ENDS Report

278, 1998). The fine was the second largest ever imposed for an environmental

offence in the UK. In 1990 Shell UK Ltd were fined £1 million in the Crown Court

following release of oil into the River Mersey. This was exceeded by the fine imposed

on Milford Haven Port Authority in January 1999 of £4million plus costs of £825,000 for

causing 72,000 tonnes of oil to spill from the Sea Empress off the coast of

Pembrokeshire (ENDS Report 288, 1999).

An additional threat is that directors can be held personally liable, under section 157 of

the Environmental Protection Act 1990. Where a company is proved to have

committed an offence with the consent of or by neglect on the part of any director,

manager, secretary or other similar officer that individual is guilty and liable to

appropriate punishment (Little, et al., 1992). Maximum penalties are 2 years

imprisonment for most breaches of the Act and 5 years for unlawful dumping of special

wastes. Since the Environment Agency was launched in April 1996 nine individuals

have been jailed for environment related offences (Lee, 1998). Such severe fines can

be significant motivators for senior mangers. Threat of personal prosecution has

prompted board members to implement an EMS (dough, etaL,1995).
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Table 8. 12: Penalties resulting from breaches of environmental legislation
(ENDS Reports 1996-7)

Company	 Description	 Penalty Clean-	 Total
up	 Cost

Costs

Frank Allen Scrap Asbestos pollution of site and 3 months 	 N/A	 N/A
Metal Merchant	 surrounding areas,	 in prison

Ford	 Motor Release of pollution from an £10,000 £11,400 £21,400
Company	 underground pipeline into

controlled waters.

David	 Distin Burning of building waste by £13,500 	 £1,550	 £15,050
Builders	 the side of the M4 motorway. 	 £90001	£3501	 £g,3501

ICI Chemicals	 18 tonnes of vinylidene £34,000	 £6,500	 £40,500
chloride into Weston Canal.

Holiday Dyes & Explosion of a tank of methyl- £50,000 £63,000 £11 3,00
Chemicals	 nitro-phenol.	 0

Tolent Construction Generation of unacceptable £6,000 	 None	 £6,000
noise	 levels	 during
construction.

Recyclable	 Metal Failure to obtain a waste £50,000	 £1,200	 £51,200
Services	 management licence and

storage	 of	 waste	 on
unlicensed land.

Creighton's	 Breach of Duty of Care £10,000	 None	 £10,000
Toiletries Regulations and Special

Waste Regulations when
disposing of ammonia and
acid drums.

Castle Cement	 Pollution of River Ribble 	 £6,500	 None	 £6,5002

Akzo Nobel	 Discharge of white paint to £2,000	 £600	 £2,600
sewer at levels above
discharge consent.

Rover Group	 Pollution of Elmdon Park £4,000	 £500	 £4,5003
Lakewith trichloroethylene.	 _________ __________ _________

Alexander Drew	 Pollution of River Roch and £5,000	 £488	 £5,488
__________________ Spodden. 	 _________ _________ _________

1	 Personal fine on company director
2 The existence of an EMS and reporting procedures were cited as mitigating circumstances which

resulted in reduction of the fine from £80,000 to £6,500
3 Company certified to BS 7750 / ISO 14001
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An EMS can significantly reduce litigation, fines and legal costs (Morris, 1995). The

requirement for a register of regulations was included as companies frequently do not

know or fully appreciate the legislative framework they should be working within

(Powley, 1996). The process of identifying and documenting legal requirements is

beneficial in improving their understanding. The majority of those participating in the

survey perceived this to have significantly improved, 82% scored 3 or above (Table

8.13).

Table 8. 13: Perceptions of the extent to which understanding of legislation was
improved by the EMS

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 0%	 9%	 9%	 36%	 32%	 14%

The degree of improvement in understanding of legal requirements resulting from an

EMS will depend on a company's starting position. Where a dedicated environmental

specialist has been with the company for some time an EMS may not necessarily

further their understanding. At Solvay Interox, due to the high level of in-house

expertise, improvements in legal understanding were not substantial. The main

advantage was to ensure a consistent mechanism to identify and record future

legislative changes. The database of regulatory, legislative and policy requirements

improved understanding of future legislation by identifying several areas which had

previously been overlooked. The implications of the Montreal Protocol stimulated a

study of the use of refrigerants and fire extinguishes on site. No CFCs were identified

but several other chemicals used were due to be phased out as a result of the

protocol's requirements. This prompted consideration of alternatives and ensured the

company was prepared for future developments. Brico Engineering, a Coventry based

manufacturer with 300 employees, reported that through BS 7750 they felt confident

they would be able to respond to future legislation (Mike Head, Quality Director)

(British Standards Institution, 1995a).

The effects assessment identifies problems which may cause a breach of legislation.

Formal procedures are required to control activities which could have a detrimental
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impact, thereby reducing human error. A key measure of EMS success is the extent to

which control is improved and the likelihood of accidents reduced. The disciplines

required help anticipate threats and risks in a proactive way.

An internal audit at a company involved in the handling of chemicals identified an

incomplete drainage plan. Ground sealed for chemical storage, drained to a disused

mine shaft rather than the site effluent treatment plant. Corrective action was taken to

prevent a major chemical spill which would have caused severe groundwater pollution

(Hill, et al.,1996).

At Birds Eye Wall's ice cream factory in Gloucester the use of ammonia, used in

industrial refrigeration units, was identified to be a risk. One of the first actions

resulting from the EMS was to paint red all site drains which discharged to surface

water courses and thereby reduce the risk of chemicals being discharged to a wrong

drain (ENDS Report 264b, 1997).

Improvements to legal compliance were considered to be significant by 45% of

companies participating in the survey (Table 8.14). This was particularly relevant for

those prescribed as Part A for regulation under Integrated Pollution Control, with 80%

scoring 3 or above compared to 35% of non-prescribed or Part B processes.

Table 8. 14: Perceptions of the extent to which regulatory compliance was
improved by the EMS

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 14%	 18%	 23%	 18%	 23%	 4%

In the majority of cases, environmental incidents significantly reduced as a result of the

EMS (Table 8.15). 68% improved their containment facilities, hence reducing the risk

of chemical spills. Shields Special Metals Ltd improved their drainage map to detail

surface and foul drains. They differentiated between drains by colour coding. Drain

interceptors were regularly inspected, cleaned and serviced. In addition mats and
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seals were purchased to protect drains and contain spills (Shields Special Metals Ltd,

1996).

Table 8. 15: Extent to which EMSs reduce environmental incidents

Percentage of Companies

Reduced incidents	 54%

No reduction in incidents 	 23%

Not sure	 23%

As the risk of prosecution is an area of concern for larger more tightly regulated

industries those with limited inherent environmental risks, such as those who store

small volumes of chemicals without significant environmental releases, are unlikely to

benefit substantially from reduced liabilities.

The increase in recorded environmental incidents at Solvay Interox in 1994 and 1995

cannot be assumed to be a reflection of worsening environmental performance (Figure

8.4). The introduction of the Accidental Releases Procedure (1994) provided a formal

mechanism for recording accidents and implementing mitigating actions.

Improvements in the recording system may explain the increase in incidents.

Prosecution had been avoided since the early 1990's when the Company was fined

twice within the space of two years for accidental releases to the Manchester Ship

Canal and the River Mersey. The last prosecution, occurring in 1992, resulted in

accidental release of chemicals from the AO Plant into the Ship Canal. Total costs

were calculated to be £70,000, including a £12,000 fine, clean-up costs and

management time in dealing with the emergency response. Should the EMS, through

improved procedures, prevent one major incident a year, in 10 years it would save

over £500,000.
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Figure 8. 4: Number of environmental incidents at Solvay Interox Ltd
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Should an incident occur, the existence of an EMS can help convince prosecutors it

was unforeseeable, not caused by neglect and that procedures are in place to prevent

incidents re-occuring. In New Zealand a High Court decision in 1993 ruled that one

factor relevant to sentencing was the extent to which the defendent had an internal

compliance programme in place (Morris, 1995). Under the UK's Water Resources Act

1991 fines can be reduced if an organisation can demonstrate they did not knowingly

permit pollution to occur. In the future it may be impossible to mount a successful

defence in a liability case without being able to demonstrate the existence of effective

systems (Hill, etaL, 1996). In October 1997 Castle Cement, an ISO 14001 certified

company, were fined £6,500 after pleading guilty to breaches of the Environmental

Protection Act 1990 and the Water Resources Act 1991. Mitigating circumstances

were taken into account by the court, who noted that the company had taken steps to

prevent breaches by introducing a new reporting system, and that a gas cleaning

system was being implemented. The judge stated the fine could have been £80,000 if

such strong mitigating factors had not been installed (Environment Business, 1997).

By demonstrating that self-regulation is effective, the widespread adoption of the EMS

standards would give industry a stronger argument against the enactment of future

legislation (Sheldon, 1996 and 1995a). All companies participating in the survey

293



reported their EMS to have led to improvements beyond the requirements of

legislation, in particular reduced waste, increased recycling and energy efficiency.

Such voluntary improvement may help convince regulators that legislation in these

areas is unnecessary. The desire for less regulatory oversight has been a major

driving factor for EMS implementation in the chemical industry (ENDS Report 254a,

1996). The standards represent an opportunity for moving the regulatory approach

away from command, control and punish to self-responsibility and co-operation with

regulatory bodies (ENDS Report 254a, 1996). The majority of companies participating

in the survey indicated their relationships with regulators to have significantly

improved, with 73% scoring 3 or above (Table 8.16). By increasing their confidence

the frequency of inspections and associated charges can be reduced, as was the case

for Carson Office Furniture and Shields Special Metals.

Table 8. 16: Perceptions of the extent to which relationships with regulators
were improved by the EMS

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 9	 9	 9	 9	 55	 9

National legal frameworks vary in their ability to recognise industrial self regulation

initiatives and therefore it will remain with individual countries as to how closely legal

enforcement will be influenced by EMS certification (Sheldon, 1996). In Victoria and

Queensland, Australia, the existence of an EMS is one of the requirements for an

accredited licence that can ultimately lead to reduced inspection fees (Ridgeway,

1997). The UK's Environment Agency is investigating methodologies for determining

inspection frequency and charges for companies regulated under Integrated Pollution

Control. The Operator Performance Risk Appraisal (OPRA) was launched on a pilot

basis in 1995. It requires inspectors to assess a company's performance against

seven key indicators, one of which is the existence of an auditable EMS (Table 8.17).

Performance in each area is scored from 1 - 5 (1 worst, 5 best) and multiplied by a

weighting factor reflecting its importance. A certified EMS should substantially

increase the score in each category.
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In February 1997 the Government asked the Environment Agency to prepare

guidelines for reducing IPC regulation for ISO 14001 or EMAS companies. They

agreed that there is considerable overlap between IPC and formal environmental

management systems (ENDS Report 265a, 1997). The Government hopes more

companies will be encouraged to seek certification if they are required to provide data

to regulators less frequently and receive fewer inspection visits. The Agency is

currently consulting with the Confederation of British Industry (CBI) and the Chemical

Industries Association (CIA) to investigate how OPRA could be used to reduce the

regulation of EMS certified companies.

Table 8. 17: Operator Performance Risk Appraisal (OPRA) system developed by
HMIP (from HMIP, 1996)

CRITERIA
	

FACTOR

Compliance with limits and adequacy of records
	

5

Knowledge of authorisation requirements and implementation	 I	 3

Plant maintenance and operation
	

3

Management and training
	

2

Procedures and instructions
	

1

Frequency of incidents and justified complaints
	

3

Auditable environmental management systems
	

3

The decision regarding whether to reduce regulatory oversight for certified companies

will depend on the extent to which EMSs ensure continued compliance. If breaches of

legislation are identified during routine surveillance visits, certification bodies are

required to notify senior management and ensure that they inform their regulators,

when required by an authorisation (European Accreditation of Certification, 1996).

Regulators are required to notify the Competent Body of breaches at EMAS registered

sites. They can be suspended until mechanisms have been implemented to prevent

reoccurrence. The decision regarding suspension raises difficulties for both the

Environment Agency and the Competent Body. Neither organisation will want to

discourage companies from seeking certification by threatening loss of registration.

295



The Environment Agency have stated that they will not normally notify the Competent

Body about trivial, short-lived, quickly rectified, non recurring breaches (Duncan,

1996). They will only be informed where it was necessary to issue an enforcement

notice or to prosecute in connection with a significant breach of an authorisation.

Whilst EMAS requires legal compliance and ISO 14001 requires a commitment to

comply, breaches of legislation have not resulted in the removal of EMAS or ISO

14001 certificates. An environmental statement from Shields Special Metals Ltd,

certified to both standards, reported zinc and nickel in their sewer effluent to be greater

than consented levels. Because of the relatively small volumes discharged no

penalties were imposed (Shields Special Metals, 1996). Ciba Clayton, who are also

certified to BS 7750 and EMAS, reported more serious breaches during 1 995 (Ciba

Clayton, 1996). The most serious incident occurred when 7.5 tonnes of black liquid

dyestuff was lost to drain due to operator error. North West Water and the National

Rivers Authority were immediately informed and the liquid was diverted into storm

tanks to be released later under controlled conditions. A further incident involved dust

from a cleaning operation resulting in spots of colour on a nearby car. On another

occasion lime dust escaped from a poor connection on a discharging tanker.

Particulates and ammonia were released from drains near the perimeter wall.

In February 1997 the Rover Group became the first BS 7750 holder to be fined for a

pollution incident. The release of 500 litres of chlorinated solvent killed at least 200

fish and resulted in the closure of an emenity lake in Solihull (ENDS Report 265b,

1996). The company spent £700,000 cleaning up the spill and on measures to prevent

a reoccurrence. They were also fined £4,000 with £500 costs. Akzo Nobel Chemicals,

who hold ISO 14001 and EMAS, stated in their 1996 Environmental Report that

discharge levels had exceeded their consent four times during the year (Akzo Nobel,

1996). On two occasions their sewer outlet was out of consent due to high flow. On

the other two, their outlet to river exceeded consent on chemical oxygen demand

(COD). As the levels were only marginally over consent, no further action was taken

by the regulatory bodies. A more serious incident in April 1997 resulted in a fine for

illegal discharge of paint waste from its Darwen works in Lancashire. They were

prosecuted £2,000 with £1,700 under the Water Resources Act 1991 and another

£2,000 with £600 costs under the Water Industry Act 1991 (ENDS Report 267b, 1997).
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If companies are not deregistered following such prosecutions and the Environment

Agency is not sufficiently confident to introduce lighter regulation for certified

companies others may be discouraged from gaining certification (Lange, 1996).

&7. IMPROVED SUPPLIER ENVIRONMENTAL PERFORMANCE

The EMS standards require an evaluation of indirect environmental effects, including

supply-chain activities (Chapter 4). This has led to the common misconception that an

in-depth evaluation of each supplier's environmental performance is required. Unlike

the quality standard, ISO 9000, there is no such explicit requirement in the EMS

standards (Powley, 1996). Supplier assessments are only needed if the environmental

impacts of their activities assume a high significance in comparison to other effects.

However, the more forward thinking companies are realising benefits from improved

supplier performance. In many organisations purchasing represents in excess of 50%

of expenditure and may exceed 90% in assembly orientated manufacturing firms

(Green, et al., 1996). Corporate organisations, including B & 0, the Body Shop, the

Rover Group and British Telecom, are recogrlising that poor supplier environmental

performance could pose a threat to their public image and the long term viability of

their suppliers. B & 0 believe the use of suppliers with sound environmental

performance will improve their public image and competitive advantage (Knight, 1996).

Suppliers who are responsive to customer demands and comply with legislation are

more likely to be competitive and secure in the market place.

An EMS frequently results in companies addressing their suppliers' performance. At

Design for Distribution (D2D) material costs comprised 80-90% of total manufacturing

costs (ENDS Report 242, 1995). They believed minimising problems in the supply

chain would help hold down the cost of the finished product. Environmental criteria

were incorporated into their vendor accreditation process and suppliers with an EMS

have their performance checked annually. Those judged to have no environmental

awareness had their supplier position with D2D reviewed as a matter of urgency. Their

philosophy is to work with suppliers and only if they constantly fail to improve are they

eliminated from vendor lists (Hamilton, 1995). This approach was successful in
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increasing the proportion with an environmental policy from 50% in 1993 to over 90%

in 1994. Over half now intend to apply for certification.

Data from the survey of certified companies found 95% to have assessed their

supplier's performance. 59% indicated this had influenced choice of suppliers and

23% intended to ask their suppliers to become certified to an EMS standard. The

extent to which relationships with suppliers had improved varied between

organisations (Table 8.18). This will depend on the approach adopted to the

assessments and the degree of personal contact.

Table 8. 18: Perceptions of the extent to which relationships with suppliers were
improved by the EMS

Not at all	 Significantly

Score	 0	 1	 2	 3	 4	 5

% of Companies	 9	 23	 23	 36	 9	 0

Solvay Interox opted for a philosophy of encouraging suppliers to improve, rather than

demanding specific standards. Their performance would be evaluated regularly and

feedback provided on areas requiring improvement. This approach had the potential

to improve competitive advantage as some suppliers were also potential customers.

Encouraging them would help to improve the public image of the chemical industry and

so benefit this negatively perceived industrial sector.

The supplier assessments provided an opportunity to bench-mark against other

chemical companies. In their own assessment Solvay Interox would have achieved a

Grade B, placing them in the top 40% of those assessed. The questionnaire provided

valuable information regarding the extent to which other companies, including

competitors, were adopting systems (Figure 8.5). Of the 37 assessed 63% either had

established or were developing a formal EMS. 3% were already certified and 61%

intended to gain certification within 5 years. 8% did not intend to seek certification and

26% were still undecided (Figure 8.6). The majority of those not seeking certification

were smaller companies involved in activities with low environmental impacts, such as

storage and distribution.
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Figure 8. 5: Status of Solvay Interox suppliers regarding EMS certification
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It is essential that purchasers are sensitive to the needs of their suppliers. SM Es, in

particular, could lose business due to a lack of resources to meet stringent

requirements imposed by customers (Smith, 1994). Demanding suppliers to achieve

EMS certification may not be the best approach in facilitating environmental

improvement. Companies forced to implement an EMS are unlikely to focus on their

business needs. Parallels can be made with the adoption of quality standards in the

1980s. The publication of BS 5750, and later ISO 9000, led to the perception that a

certificate to ISO 9000 was synonymous with a quality company. As customers

wanted to buy quality products, ISO 9000 became a requirement to supply. In many

cases certification did not improve product quality and companies implementing the

standard to meet customers' requirements experienced minimal long-term benefit

(Davies, 1993). B & 0, one of the most active organisations in greening its supply

chain, has moved away from requiring suppliers to achieve certification. They do not

consider it to be evidence of good environmental performance (Green, eta]., 1996).

Instead they have developed their own supplier rating system and have been auditing

suppliers since 1991.

Supply chain pressure is a powerful mechanism for encouraging the adoption of

environmental best practice.	 In 1991 on'y 8% of B&Q's suppliers had an
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environmental policy whereas by 1995, after significant pressure had been exerted,

this had risen to around 90% (Vogt, 1996). Research undertaken by CROMTEC at

UMIST identified critical success factors for achieving improved supplier performance

(Table 8.19). Environmental criteria need to be effectively communicated to front line

buyers and fully integrated with other purchasing standards (pers. comm. Morton,

1998). A consistent approach is required for communicating with suppliers. The

establishment of long-term relationships rather than the threat of substitution is often

most effective (Green, et at., 1996) (Business in the Environment, 1993).

Collaborative approaches allow both customers and suppliers to benefit and can lead

to the close integration of operational systems.

Table 8. 19: Principles of buying into the environment (from Green, et a!., 1996)

1 Understand the business Examine the implications of legislation, market opportunities
reasons	 and pressures, supply chain risk, community needs.

2 Know your environment	 Understand: environmental responsibilities, policies and issues,
improvement targets and programmes.

3 Understanding your supply Rank key suppliers based on environmental issues and risks.
chain	 Develop environmental purchasing policy and processes.

4 Adopt a partnership style	 Communicate openly and clearly. Explore areas of co-
operation for mutual benefits.

5 Collect only information Identify key questions and define information needs. Select
needed.	 suitable collection methods.

6 Validate	 supplier's Select, where necessary, a suitable method to validate
performance.	 information and management systems.

7 Set a suitable timetable for Discuss and agree improvement targets with environmental
improvement, 	 managers and suppliers.

8.8. REDUCED INSURANCE PREMIUMS

The Environmental Protection Act 1990 is based on the principle that the polluter pays

the cost of reducing the risk of environmental contamination or remediating

environmental damage. In practice it is usually the insurers who pay the cost of

damages through public liability insurance, which covers financial claims by third

parties sometimes by the process of law. Claims are settled on the basis of resulting

environmental harm (Kirk, 1996). Public liability policies cover sudden and accidental

occurrences but in 1991, as a result of tightening legislation, the Association of British
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Insurers made it impossible to gain cover for gradual pollution (Kirk, 1996). The

Cambridge Water Company sued Eastern Counties Leather plc, a tanning company,

for unknowingly polluting aquifers with solvents. The water company lost the use of an

borehole and were awarded £1.6 million in damages. This decision was subsequently

reversed in favour of Eastern Counties Leather by the House of Lords in December

1993 as the pollution was unforeseen. If not, it would have set an important precedent

for Counties Leather's insurance company which may have been liable to pay the cost

of damages (Crosbie, et al., 1995).

Since 1991, public liability policies cover for damages resulting from incidents

occurring any time during the policy period, regardless of the time of the claim. This

allows retrospective claims and the growing number of claims from old policies for

compensation for industrial related disease, such as asbestosis, and long-term

pollution are causing the insurance industry to limit claims and levels of cover (Kirk,

1996).

In the European Union and the USA a limited number of plans, known as

environmental impairment policies, will cover damages resulting from gradual pollution

but they are costly and the excess payable is substantial. By September 1995 no

more than 100 policies had been issued on this basis in the UK (Crosbie, et al., 1995).

European reinsurers are currently moving to exclude any type of pollution cover from

public liability policies (Rickman, 1996). Should this become the case, pollution cover

would only be available separately, resulting in the rapid development of environmental

impairment liability policies.

Environmental management systems have the potential to assist insurers in assessing

their client's environmental risks. A certified system indicates an organisation is in

touch with business developments; aims to keep ahead of competition; has tight

environmental control and reduced pollution incidents. Certification should therefore

represent a lower risk for insurers and lower the cost of premiums.

However, few insurers conduct comprehensive assessments of environmental risk to

assist in deciding to underwrite liability costs (Hodge, 1995). Major hazard sites may

receive some attention but SMEs are often neglected. This is largely due to the
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traditional use of consultants to undertake environmental risk assessments. This

incurs high costs for the insurers. In the future, as companies are forced to seek

environmental impairment policies, they are likely to face rigorous investigations to

determine the limit of indemnity and the cost of premiums (Little, et al., 1992).

1995 the United Nations Environment Programme Statement of Environmental

Commitment by the Insurance Industry was signed by 70 insurance companies from

25 countries. It commits signatories to incorporate environmental considerations into

their internal and external business activities. In July 1 997, the Insurance Industry

Initiative for the Environment, consisting of 35 senior officials from leading firms, was

launched (Business in the Environment, 1997b). It established two working groups,

one on climate change and one on asset management.

The Loss Prevention Council (LPC) advises UK insurers and their clients on a wide

range of issues affecting their industry. Their objective is to improve risk management

by addressing risk related scientific, technical and environmental factors. They are

currently developing an environmental risk assessment tool for use by insurers in their

underwriting process. This includes a research project, with Imperial College, studying

the interactions of EMS and insurance. The proposed methodology is based on

questionnaires and checklists for five hierarichal levels which relate to the polluting

nature of a site (Table 8.20). Most companies would be assessed at Levels 1, 2 or 3

with higher levels being reserved for those with particular environmental problems or

those especially tightly regulated. Companies with certified EMSs generally get a good

rating in the overall assessment, which should guarantee approval for insurance

(Hodge, 1995).
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Table 8. 20: Proposed risk assessment model for assessing insurance risks
developed by the Loss Prevention Council (from Hodge, 1995)

Level 1	 Simple questionnaire sent by post to identify class of industry on site.

Sites in a potentially polluting class go to Level 2.

Level 2	 Simple site questionnaire sent by post investigating more aspects of

the company's activities. More problematic sites go to Level 3.

Level 3	 A more complex questionnaire followed by a visit by an insurer with

further checklists. Sites with particular problems go to Level 4.

Level 4	 An insurance surveyor or environmental risk consultant would visit

the site and perform a specialist survey. This stage is likely to

incorporate some element of measurement or sampling if

contaminated land is involved.

Level 5	 This stage would only apply to those sites subject to special scrutiny,

for example CIMAH sites. External consultants are likely to have

already been involved in developing the sites safety case and much

further work may not be necessary.

Some individual insurers, including ECS Underwriting and the Willis Corroon Group,

have indicated an EMS would result in lower premiums (McKenna, et al., 1996). A

proposed risk assessment methodology, developed by the Willis Corroon Group,

involves establishing environmental control factors and environmental threat factors

(Rickman, 1997). Guidance is provided for scoring each factor, which is broken down

into individual elements. These include consideration of the policy statement,

definition of environmental responsibilities and the existence of EMAS or ISO 14001

certification. An overall environmental control score (EC) and an environmental threat

score (ET) are calculated from the sum of the individual components (Table 8.21).
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Table 8. 21: Control and threat factors used for assessing environmental risk for
insurance purposes by the Willis Corron Group (from Rickman, 1996)

Control Factors

An environmental quality rating (EQR) is then obtained by subtracting the

environmental threat score from the environmental control score.

Environmental Quality Rating (EQR) = EC - ET

To obtain an environmental liability rating, used to determine insurance premiums, the

environmental quality rating is subtracted from 100. Should this approach be

implemented by the Willis Corroon Group the existence of an EMS would increase the

environmental control score by 20 points, leading to reduced insurance premiums.

Environmental Liability Rating (ELR) = 100- EQR

The important issue for insurers is whether an EMS ensures risks are managed

responsibly (Kirk, 1996). The recent prosecution of two certified companies, Rover

and Akzo Nobel, is likely to raise some concern. The consensus is that an EMS itself

cannot guarantee sound environmental performance. Other factors such as site

history, location, geology, ground water vulnerability and the risk of gradual pollution

also need to be considered.

Environmental risk assessment for insurance purposes is at an early stage and few

certified companies can demonstrate reduced premiums. A large construction

company convinced their insurers to accept a single external audit rather than to

demand audits of all twelve sites (Hill, et al.,1995). This substantially reduced the
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costs of reassuring insurers and obtaining environmental insurance. Dunlop Ltd was

the only company participating in the survey to report reduced premiums. This

resulted from preventative procedural actions which were put in place as part of the

EMS.

The risk assessment methodologies being developed by the insurance industry will

mean that certified companies will benefit from reduced premiums. The Loss

Prevention Council (LPC) has expressed some concern regarding the likely

implications on SMEs as they are less likely to have an EMS, due to a lack of

resources and in-house expertise. The LPC is currently collaborating with Business in

the Environment on a research project to investigate this problem and suggest a

solution (Business in the Environment, 1997b).

&9. ACCESS TO CAPITAL & INVESTMENT

A company's position on the environment is increasingly influencing access to capital

and investment. Banks are becoming concerned over security of loans and potential

lender liability. Awareness among investors of the importance of ethical and

environmental matters is growing. Certification to a recognised standard, may help

convince banks and investment institutions that the environment should be taken

seriously and that the risk of liability can be reduced.

Pressure on industry from banks arises largely from their commercial concerns over

their own exposures. Should the business to which they lend have serious

environmental problems, resulting in high fines or clean-up costs, loan repayment may

become difficult. If a company goes into liquidation the bank may become the owner

of the property and risk becoming liable for clean-up costs. This scenario first arose in

the United States over the remediation of contaminated land. Banks whose loans

were secured on land which turned out to be contaminated, found themselves owners

of significant liabilities (Gray, et al., 1993). This encouraged them to review their

lending policies to take account of the environmental risks associated with potential

borrowers. A survey of US banks undertaken in 1991 showed that 63% had rejected

loan applications and 46% had discontinued loans because of fear of environmental

liability (Financial Times, 1991). These issues have since moved to Europe as a result
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of contaminated land legislation, civil liability from waste and the polluter pays

principle. It is still unclear how EC law will act in these areas but there is no doubt that

banks are becoming increasingly aware of potential environmental liabilities.

In the UK the National Westminster Bank have taken the lead in incorporating

environmental criteria into banking policy. In 1991 they established an environmental

management unit and were invited to form the United Nations Environment

Programme Advisory Committee on Banking and the Environment. Natwest, along

with the Deutsche Bank, Royal Bank of Canada, Hong Kong & Shanghai Banking

Corporation and Westpak Banking Corporation, were instrumental in producing the

Statement by Banks on Environment and Sustainable Development (UNEP, 1992). It

contains 20 commitments covering sustainable development, environmental

management and public awareness. Customers are required to comply with all

applicable local, national and international environmental regulations. Environmental

risks must form part of a normal credit risk assessment and environmental impact

assessments should be applied where appropriate. Sound environmental practices

are to be considered one of the key factors demonstrating effective corporate

management. The statement has since been signed by 63 banks worldwide including

the UK's Co-operative Bank, Lloyd's TSB and The Royal Bank of Scotland.

UK bank's commitment to integrating the environment with mainstream business was

stated at the British Bankers Association conference in July 1997. This coincided with

a leaflet on best environmental practice, to be promoted by banks to their customers

(Business in the Environment, 1997a). National Westminster and the Co-operative

Bank have published high profile reports relating to their ethical and environmental

policies. This includes the Co-operative Bank's 1998 Partnership Report and

Natwest's annual report on Environmental Sense makes Business Sense. Other

banks including Lloyd's TSB, Barclays, Royal Bank of Scotland and Midland provide

environmental policies and information packs upon request (Coulson, etaL,1998).

It is extremely rare for UK companies to be refused access to loans purely as a result

of poor environmental performance or high liabilities. Lloyd's TSB have never refused

access to funding on these grounds alone (Pers. comm. Monks, 1998). Companies

seeking finance are being questioned on their environmental policy and management
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practices as part of the lending evaluation. Those engaged in environmental activities

are likely to benefit from quick and easy loan provision, reduced costs of loan

negotiation and more favourable loan conditions (Coulson, etal.,1 998). As legislation

becomes tighter and fines increase, companies seeking loans will be increasingly

subject to stringent environmental requirements. In the future the existence of a

certified EMS may become a prerequisite for securing loans.

The motivation of banks and insurers to encourage sound environmental management

is easily understood but this is less clear for investment institutions. Ethical investment

funds were first launched in the USA in the early 1970s. In the UK such funds became

prominent with the launch of the Friends Provident Stewardship Trust in 1984.

Environmental investment originated with the formation of the Merlin Ecology Fund in

1988, following the upsurge in environmental awareness of the 1980s. By the mid

1990s over £50 billion was invested in UK funds taking account of environmental

factors (ACBE, 1993). By the early 1 990s many ethical funds were active in the UK

(Figure 8.6).

Figure 8. 6: UK ethical and environmental in vestment funds in order of emphasis
on the environment (from Gray, etal., 1993)

• Merlin Jupiter Ecology Fund
• Clerical Medical Evergreen
• HFS Green Chip Fund
• TBS Environmental Investor Fund
• CIS Environmental Trust
• Eagle Star Environmental Opportunities
• Abbey (Life) Ethical
• All Churches Amity Fund
• NM Schroder Conscience Fund
• Acorn Ethical Fund
• Friends Provident Stewardship Income Trust
• Friends Provident Stewardship Unit Trust
• Friends Provident Stewardship North American Trust
• Scottish Equitable Ethical Unit Trust
• Target Global Opportunities
• Sovereign Ethical Fund
• Buckmaster Fellowship Trust
• Fidelity Famous Names
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Pressure groups have been instrumental in the rapid growth of green investment

funds. Numerous campaigns have been launched to encourage financial institutions to

invest in companies with higher environmental standards. Friends of the Earth

focused a campaign on shareholders in RTZ, the UK based mining company,

proposing a mine in Madagascar. In 1993, a coalition of pressure groups sent a

briefing document to 275 UK fund managers advising against buying shares in the

floatation of Barito Pacific, one of the world's biggest makers of plywood. A year later

Greenpeace issued a similar document during the flotation in Amersdam of EVC, a

Belgian based PVC manufacturer (Financial Times, 1995).

Green investment portfolios represent a significant, and growing, proportion of the

market. Their performance is often good but evidence is largely inconclusive due to

their relatively recent nature. A major problem regarding green investment is the lack

of reliable data on which investment managers can base decisions. The most

frequently used source of information is annual reports which contain limited detailed

information (Gray, et aL, 1993). This has led to investment managers seeking

alternative sources of information. Public registers, introduced by the Environmental

Protection Act 1990, are proving useful in detailing previous problems with legal

compliance. In 1992 Norwich Union issued a environmental assessment questionnaire

to companies in which they invested.

Few trusts exert direct influence on the companies in which they invest. The inclusion

of environmental criteria in decision making is still largely limited to a few dedicated

funds. As investor's awareness increases and more environmental information

becomes publicly available this is likely to change and there is little doubt that

companies will find themselves under increasingly close scrutiny.

Companies able to demonstrate high environmental performance (Figure 8.7) are likely

to be included in ethical investment portfolios. Investment managers are likely to

welcome the EMS standards for providing external certification of good environmental

management. This will provide additional information for fund mahagers when

deciding about investment.
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A speciality chemicals manufacturer based in the South of England, exports a

significant proportion of its production. When it came to securing investment for a

management buy out and subsequent flotation, their certified EMS was used to

demonstrate that environmental risks were well managed. This gave confidence to

investors and access to Green Investment Funds (Garrett, 1998a).

Evidence of increased access to capital or investment resulting from an EMS is difficult

to obtain as environmental considerations in banking policy are embryonic. None of

the 22 certified companies involved in the experience survey reported improved

access to funding within the first year of certification. However, Solvay lnterox felt the

existence of an EMS would enhance the site's future likelihood of obtaining capital

investment from the Solvay Group (pers. comm. MacDonagh, 1996).

Figure 8. 7: The most popular "green" UK companies for investment trusts and
reasons for selection (from Gray,et a!., 1993)

British Gas
Halma
Body Shop
Powerscreen
Tesco
Argyll Group
Simon Engineering
Ocean Group
Sutcliffe Speakman
Allied Colloids
Attwoods
Bespack
Freeman Group
Marks and Spencer
Sal nsbu ry
Shanks & McEwan
Whatman Reeve

Greenhouse effect
Pollution control
Animal and habitat welfare
Recycling
Recycling, ozone layer, transport, healthy eating
Healthy eating, recycling
Pollution control, recycling
Energy conservation, pollution control, sensitive land use
Pollution control, recycling
Pollution control
Pollution control
Ozone layer, pollution
Energy conservation
Healthy eating, energy conservation, recycling
Healthy eating, energy conservation, recycling
Pollution control, recycling
Recycling
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8.10. SUMMARY

The most important drivers for EMS implementation are legislation and the desire to

achieve a competitive advantage. Legal compliance is particularly important for

industries tightly regulated under Integrated Pollution Control. In comparison, SMEs

who are typically less tightly regulated, are mainly motivated by competitive advantage.

Although these issues are effective in driving EMS implementation, following

certification they are rarely considered to be the most important benefit of having

adopted the system. In contrast, certified companies find cost savings and improved

employee motivation to be more significant. These benefits are frequently overlooked

by organisations during their decision regarding whether to adopt an EMS.

The results of the survey found participants were experiencing substantial cost savings

from their systems. The value of savings depends on company size and waste

disposal and resource costs but average £170,000 per annum within larger

organisations and £60,000 in SMEs. Comprehensive data relating to savings is often

difficult to obtain due to the lack of recording systems of the financial benefits of

improved environmental performance. The majority of companies can only estimate

savings based on examples of major projects. To enable EMS value to be determined

it is essential that companies establish systems for monitoring the financial implications

of their environmental activities.

Larger organisations are increasingly demanding high environmental standards from

their suppliers. EMS certification can ensure their requirements are met and enhance

competitive advantage and market position. Several certified companies have

demonstrated how new contracts can be won purely through the possession of an

EMS (Garrett, 1998a) (Robinson, 1998) (Department of the Environment, 1996d)

(Shields Special Metals, 1996). It can also help in encouraging the development of

new and modified products to improve competitive position. The ability to demonstrate

a high level of environmental performance is particularly important for those companies

supplying leaders in the environmental field or exporting to countries with high EMS

uptake. This was the case for Autosmart Ltd who exported to countries within

Scandinavia.

310



The findings of the survey indicated that the majority of certified companies are

experiencing significant improvements in their public image. They are frequently

invited to present at key events thereby promoting their company as environmentally

responsible. Many companies have become involved in local community initiatives

including scout groups, schools, colleges and environmental organisations such as the

Groundwork Trust. Involvement in such activities can have a dramatic indirect benefit

by improving employee pride and motivation.

Companies breaching the law are being punished through increasing fines, clean-up

costs and in some cases personal imprisonment (Table 8.12). In the majority of cases

an EMS improves understanding of legislation, and is most significant in improving

compliance in the more tightly regulated companies. Smaller companies generally

consider themselves to be complying with the law prior to their adoption of the

standard. Although the survey found a significant number of certified companies to be

benefitting from reduced environmental incidents an EMS does not ensure legal

compliance. In several cases ISO 14001 and EMAS companies have been

prosecuted for environmental incidents (ENDS Report 265b, 1996 and 267b, 1997).

Whilst certification does not necessarily prevent prosecution if the existence of an EMS

is cited as a mitigating factor in court it can substantially reduce fines.

The EMS standards are effective in encouraging voluntary environmental improvement

beyond the requirements of legislation. Their widespread adoption would give industry

a stronger position to oppose tighter regulation. The Environment Agency is currently

investigating methodologies for reducing regulation of IPC companies certified to an

EMS standard (HMIP, 1996). This would give those considering an EMS an added

incentive for seeking external certification.

Supply chain pressure for environmental improvement is set to grow with increased

uptake of the standards. The survey indicated that the majority of certified companies

assess their supplier's environmental performance and in many cases this has

influenced their supplier choice. A smaller but significant number intend to ask their

suppliers to become EMS certified themselves. Collaborative approaches to

encouraging suppliers to improve are most effective as they enable environmental
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initiatives to be focussed on the individual company's needs (Green, etal., 1996). This

is essential to ensure SMEs are able to meet their larger customer's requirements.

The existence of an EMS has the potential to alleviate the concerns of insurers, banks

and investment companies and result in easier access to insurance and finance. A

number of insurers are developing risk assessment techniques for use in determining

premiums (Hodge, 1995) (Rickman, 1997). Banks and financial insitutions are also

becoming increasingly concerned over environmental liabilities (Coulson, etal., 1998)

(Pers. comm. Monks, 1998). The operation of an effective EMS will reassure

stakeholders and demonstrate control of environmental risks.
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CHAPTER 9

9.0. RESOURCE IMPLICATIONS ASSOCIATED WITH A FORMAL EMS

9.1. INTRODUCTION

The resource implications of a formal EMS are both human and financial. Human

resources are required to implement and maintain the system, whilst financial

resources may be required for consultancy, capital expenditure and certification

charges. Industrial perceptions of high costs associated with an EMS pose a major

barrier to the adoption of the standards (Chapter 2). This has arisen in part from the

experiences of the BS 7750 pilot trial, where some companies found that 1,000 staff

days were required for the initial environment review (Hill, et al., 1995). Actual costs

are often unknown, illustrating the need for greater clarity regarding the likely

resources required to implement a system and achieve external certification.

9.2. STAFF-COSTS OF IMPLEMENTING AN EMS

Companies participating in the survey took from 5 months to 3 years to achieve

certification to BS 7750, with an average of 18 months (Table 9.1). These findings are

consistent with a slightly later survey undertaken in October 1996 by the BS 7750 I

EMAS Users Group. They found the commitment required for certification ranged from

8 months to 4 years, with an average of 2 years (Baxter, 1997). As a large proportion

of companies involved in both surveys, 41 % in the case of the author's, were amongst

the first in the UK to be awarded certificates these long timescales may have been

expanded due to the lack of accredited certification bodies. Some companies may

have operated fully implemented systems prior to this but were unable to seek external

certification. Involvement in the BS 7750 pilot trial may also have increased the time

spent implementing the standard. This ran for a period of 24 months between 1992

and 1994 and participating companies would not have been able to seek certification

until April 1995.
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The time taken to achieve certification will be influenced by the degree of pressure on

the company. As limited pressure was exerted by customers on their suppliers during

the standard's early operation this will explain the sometimes long timescales involved.

The resource availability within the company will also influence the speed of

implementation. This will vary greatly depending on the manager's other

commitments. In some cases, a manager will be exclusively working on the EMS

whilst in others it will only be a part of their responsibilities. Where a manager is given

flexibility in implementing the system and not pressured to achieve certification the

longer it is likely to take.

The lack of established accounting systems for recording the financial implications of

environmental initiatives meant that only 63% of surveyed companies were able to

estimate the human resources required to implement their EMS. A wide range of

resource requirements were reported, ranging from 107 to 681 days, with an average

of 333 days (Table 9.1). A period of 12 staff months, 264 days, was sufficient for 65%

of participants. In 73% of cases company personnel worked on the EMS during their

normal work programme and no additional human resource costs were incurred. The

others recruited an additional member of staff, often through a graduate placement

scheme.

These results are consistent with the later survey of 30 registered companies

undertaken by the BS 7750 / EMAS users group. These ranged from 40 days, where

an existing EMS was in place, to 1500 days, with an average of 306 days (Baxter,

1997). The first experiences with ISO 14001 in Germany reported similar human

resource requirements. In June 1997 a survey of 73 companies found that in 70% of

cases 12 person months were required (Kuhner, 1998).

To convert human resource time into a financial value both salaries and overheads

must be considered. Environment Business (1997) surveyed salary levels and found

the average for an industrial Manager or Director responsible for the environment was

£23,100 per annum. This is equivalent to £100 per day assuming an average of 226

working days a year. According to the Department of Trade & industry the full cost of

employing a member of staff, including overhead costs, is approximately 2 x salary

levels. The true cost of staff-time can therefore be reasonably estimated at £200 per
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day. The human costs of implementing an EMS to the standard of BS 7750, therefore

ranged from £21,400 to £136,200, with an average of £66,586 (Table 9.1).

Table 9.. 1: Staff time and associated cost of implementing an EMS within
participating companies

Company Name	 No of Employees Staff Time 1 Staff Cost2 ()
______________________________ ________________ (Days)	 ____________

Auto-Smart Ltd	 55	 113	 £22,600

BOO Gases Europe	 60	 227	 £45,400

BlOC Cables	 350	 200	 £40,000

Akzo Nobel Chemicals Ltd	 132	 681	 £136,200

Applied Chemicals 	 150	 400	 £80,000

Carson Office Furniture	 160	 400	 £80,000

Alcan Smelting & Power UK	 172	 266	 £53,200

Arjo Wiggins Fine Papers Ltd	 230	 681	 £136,200

PPPayne	 252	 107	 £21,400

Curtis Fine Papers	 350	 333	 £66,600

Philips Components	 400	 200	 £40,000

Lindsey Oil Refinery Ltd 	 500	 454	 £90,800

Wavin Buildings Products Ltd	 500	 120	 £24,000

Ricoh (UK) Products Ltd 	 740	 306	 £61 ,200

Epson Telford Ltd	 1,700	 373	 £74,600

1 Assuming 226 working days a year
2 Assuming £200 a day for management time costs

Relationships between company size and personnel costs are not linear (Figure 9.1).

Resource requirements vary greatly, even between companies of a similar size. Arjo

Wiggins Fine Papers and P P Payne are both of similar size but required 681 days and

107 days respectively to achieve BS 7750 certification. The large variability in the

times required to achieve certification results from many factors in addition to company

size. These include the starting position of the company; the complexity of the

manufacturing process; the severity of environmenta' impacts; the experience and

seniority of the champion and degree of regulation (Chapter 3). An analysis of the

results shows no particular trends or identifies conclusive causal relationships.

Companies requiring a high resource commitment, over 400 days, included those from

several industrial sectors and different company size (Table 9.2). All five companies
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had elements of an EMS already in place and assigned a senior manager to be

responsible for implementation.

Figure 9. 1: Staff- time required to implement an EMS versus company size

700

600

500

400
>'

300

200

100

0

55	 132	 160	 230	 350	 500	 740

No of Employees

Table 9. 2: Companies spending 400 person days or more on EMS
implementation within participating companies

Company	 Sector	 Size	 Part A I B	 Champion	 Starting Point
Responsibility

Akzo Nobel	 Chemical	 130	 None	 Technical	 Monitoring

Arjo Papers	 Paper	 230	 None	 Environmental	 Audit & Review

Lindsey Oil Refinery Oil Refinery 500 Part A HSE Advisor Monitoring I Complaint
Procedures I Resident
Liaison Committee.

Applied Chemicals 	 Chemical	 150	 None	 HSE Advisor	 Monitoring / Legal
Compliance

Carson Furniture	 Furniture	 160	 Part B	 Quality	 Policy! Legal
Compliance I
Objectives and Targets
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SMEs often required more commitment than larger companies (Table 9.3). Wavin

Building Products with 500 employees, took significantly less human resource

commitment than Akzo Nobel Chemicals, Applied Chemicals and Carson Office

Furniture, all with approximately 150 employees. This may reflect the better developed

systems and greater expertise already present within larger companies.

Table 9. 3: Staff time of implementing an EMS versus company size within
participating companies

No of employees	 Implementation Time	 Implementation Time
Range (staff-days)	 Average (staff-days)

<250 employees	 114-681	 424

>250 employees	 107-454	 265

The more polluting IPC regulated companies, prescribed as Part A wider the

Environmental Protection (Prescribed Processes and Substances) Regulations 1991,

on average required less commitment than non-prescribed companies (Table 9.4).

This may be explained by their advanced starting position. Such companies will have

acquired certain elements of an EMS such as release monitoring, operational control

and improvement programmes to meet their legal obligations.

Table 9. 4: Staff-time of implementing an EMS versus process classification
under Environmental Protection Act 1990 within participating companies.

Process Classification	 Implementation Time	 Implementation Time
Range (staff-days)	 Average (staff-days)

PartA	 227-454	 313

PartB	 107-400	 260

Non-prescribed	 114 - 681	 394

The environmental effects assessment was found to be the most time consuming

element by 50% of participating companies. The development of documented

procedures was also reported to be resource intensive. Similar findings were reported

by the Rover Group based on their survey of six automotive parts suppliers. They

found the initial environmental review, including the identification of environmental
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effects and legislative requirements, was the most resource intensive. This took 20 to

50 days for a manufacturing site with up to 200 employees (Business in the

Environment, 1997).

Wolstenholme International, employing 260 staff in the manufacture of metal powders,

is one of the few companies to have developed accounting systems to monitor the

value of their EMS (Chapter 10). They analysed the human costs associated with

implementing their EMS and found the effects assessment, objectives, targets and

programmes to be the most time consuming (Figure 9.2).

Figure 9. 2: Breakdown of internal staff costs for EMS implementation at
Woistenholme International Ltd (from ETBPP, 19964)
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At Solvay Interox Ltd it took 530 staff days (2.5 staff years) to implement the EMS

(Table 9.5). Salary costs were reduced through the DTI funded Teaching Company

Scheme which provides 50% of the costs of a graduate for two years. The company

contribution towards the cost of the project, which included graduate salaries, training

and supervision from the university, was approximately £15,000 per year or £67 per

day. Overhead costs have not been included as the project was a fixed term contract

Organisation
• ------- id

H
ry

..ital
Review

318



and graduates were employed through Salford University. The total cost of employing

the graduate was therefore equivalent to £29,145. In addition senior management

input of approximately 60 days was required, equivalent to £1 2,000 allowing £200 a

day for salary and overheads. The total human resource costs were therefore in the

region of £41 ,1 45, equivalent to 0.06% of the annual turnover and 0.03% of the annual

spending on environmental protection. This does not include the costs of EMS

elements established prior to September 1994 or activities which cannot be directly

attributed to BS 7750. The salaries of the five members of the Environment Group

have not been included as they were employed prior to the start of the EMS project

(Chapter 6).

Solvay Interox found the most resource intensive EMS elements to be operational

control procedures (85 days), the environmental effects assessment (45 days), the

development of the integrated HSE manual (30 days) and the supplier assessments

(25 days). The 85 days spent on operational control do not include any associated

activities required by the individual process areas developing their standard operating

procedures. This is an ongoing process requiring modification as operating conditions

and plant equipment changes. The development of a strategy for integration of

business management systems took 25 days and the integrated RCLP manual 30

days. This commitment also contributed to the improvement of the health and safety

system and was not directly required for the EMS. Integration was resource intensive

but would ultimately reduce the time required to maintain the systems.

The survey results demonstrated its possible to complete implementation in 6 to 12

months, with a minimum resource input of approximately 100 days, or an average of

300 days. Greater timescales are likely to reflect a manager's lack of environmental

knowledge and poor understanding of the standard's requirements. Companies are

frequently overly concerned about the detail required in registers and fail to focus on

the key issues. The five case studies indicated that systems are frequently simplified

after certification to focus on fewer issues (Chapter 5). Contract Chemicals found

implementation at their Knowsley site to be more resource intensive than predicted.

Originally they estimated 9 months but actually spent 27 months, 3 times longer than

expected. The development of complex unwieldy registers, which were later

simplified, contributed to the delay in achieving certification. Human resources can be
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minimised by keeping documentation simple and focusing on the 10-15 most

significant issues, prioritising measures with the potential to result in cost savings (Hill,

etal., 1995). Time invested at the beginning of the project to build awareness will

facilitate the implementation process. Staff to be involved in operating the system

should be involved at an early stage and contribute to its development.

Table 9. 5: Staff costs of implementing an EMS at Solvay Interox Ltd

Element of EMS	 Staff Days	 Costs ()

BS 7750 & EMAS Requirements Review	 10	 670

Strategy for Integration with ISRS I ISO 9000	 25	 1675

Determination of EMS Project Stages	 5	 335

Management Manual 	 30	 2010

Environmental Policy 	 20	 1340

Environmental Effects Assessment 	 45+101	 3015

Register of Regulations 	 10	 670

Procedure for New Legislation 	 15	 1005

Training Procedures	 20	 1340

Supplier Environmental Assessments	 10+1 51	 670

Review of Software for EMSs	 20	 1340

Environmental Auditing Procedures	 20	 1340

Review Contractor Procedures	 10	 670

Objectives, Targets & Programmes Procedure 	 20	 1340

Environmental Programme	 iO3	 670

Issue of Procedures	 10	 670

Operational Control 	 85	 5695

Awareness Raising Activities	 50	 3350

External Public Relations 	 20	 1340

Senior Management Input 5 	60	 12,000

TOTAL	 520	 £41,145

KEY

M.Sc student placement (at no cost to Solvay Interox Ltd)
2 Assuming graduate costs of £67 a day through Teaching Company Scheme

Not including time spent implementing the capital improvement programme
Not including procedures which would have been developed regardless of EMS
Assuming £200 a day to cover senior management salary and overhead costs
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Multi-site companies can reduce costs by developing documentation centrally. At

British Coal Opencast (BCO) the total internal human resource requirements to

introduce a national EMS covering over 50 operating sites were approximately 333

days. In addition 13-20 days were required by each site for the effects assessment,

targets and programme plus 400 staff-days for employee training (Hill, et al., 1995).

This totals 6 staff years for 50 sites, or 34 staff-days per site which is cost effective

when compared to the survey results of an average of 333 days.

9.3. CONSULTANCY FEES

External consultants were employed to assist with EMS implementation by 50% of

participating companies. SMEs were more likely to use consultants with 73% seeking

external assistance, compared to 27% of larger companies. The three willing to

disclose fees paid from £600 to £1,500, with an average of £1,000 per company. The

survey undertaken by the BS 7750 I EMAS Users Group reported higher consultancy

costs. Over 50% used consultants charging from £207 to £500 per day (Baxter, 1997).

Consultants were employed for 1 to 100 days, averaging 23 days, over the

implementation period. Total costs ranged from £400 to £29,000, with an average of

£6,800. SMEs paid more modest fees, ranging from £2,800 to £3,500.

Grants towards consultancy fees were available to SMEs between April 1995 and

September 1 998 through the Government's Small Company Environmental and

Energy Management Assistance Scheme (SCEEMAS) (Figure 9.3). Subsidy was

provided in three stages allowing companies flexibility in the timescale of

implementation. Stages 1 and 2 allowed companies wishing to meet BS 7750 I ISO

14001 to claim back 40% of consultants charges. The third stage provided 50% of

consultants costs for developing the verified statement required for EMAS. In addition

companies progressing to this stage would benefit from a 10% refund from the first two

stages. To be eligible companies had to be involved in manufacturing; employ fewer

than 250 people; be less than 25% owned by another business and have an annual

turnover of less than £32 million or an annual balance sheet of less than £21 million.

The scheme was withdrawn in September 1998 due to lack of uptake. In its three

years of operation it received only 270 applications, and resulted in 13 SMEs

becoming EMAS registered (DETR, 1998a).
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Figure 9. 3: Grant Assistance Available through SCEEMAS for SMEs

STAGE 1	 Environmental Review	 40% Grant

Establishing a register of environmental effects,
drawing up a policy with objectives and targets to
ensure legal compliance and continual improvement
in performance.

STAGE 2 Management System	 40% Grant

Documentation of procedures, monitoring and internal
audit of the site which meets the requirements of
EMAS and / or BS 7750

STAGE 3	 Environmental Statement	 50% Grant +

A report on the site's environmental performance, 10%	 from

which has been independently validated by an stages 1 &
accredited verifier.

9.4. CAPITAL EXPENDITURE

Capital expenditure to fulfil identified provision for environmental protection was

required by 81% of survey respondents. It was most commonly needed to improve

storage facilities and spillage response (Table 9.6). P P Payne installed drain

inspection and pressure testing and Ricoh (UK) Products installed chiller units, energy

saving devices and a toner compactor. At Akzo Nobel expenditure ranged from

£333,000 for a waste water treatment plant, which would reduce effluent charges paid

to North West Water plc, to low cost improvements to storage facilities and emergency

planning.

The majority of capital expenditure was required to reduce liabilities or meet conditions

imposed by IPC or LAAPC authorisations. It cannot therefore be directly attributed to

the EMS. Beyond legal compliance the EMS standards do not require any capital

expenditure. British Coal Opencast spent only £2,000 per site which covered the costs

of printing manuals, external training and consultancy (Hill, etal., 1 995). Organisations

voluntarily introducing new environmental technologies usually apply rigorous cost

benefit analysis to determine their financial feasibility (Chapter 10).
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Table 9. 6: Capital expenditure required for EMS certification at participating
companies

Company Name	 No of	 Cost Explanation
______________________ Employees _________ _______________________

Arjo Wiggins Fine Papers 	 230	 Not	 Re-routing pipework to reduce
available risk of spills

Auto-Smart	 55	 £20,000 Concrete, bunding and a shut-
off drain valve

BlOC Cables	 350	 Not	 Extraction units and noise
available reduction booths

Carson Office Furniture 	 160	 £10,000 Environmental protection

Curtis Fine Papers	 350	 £250,000/a Environmental protection

Epson Telford	 1,700	 £50,000 /a Environmental protection

Gleaner Oils	 130	 Not	 Bunding tanks, spill kits for
available vehicles etc

NDM Manufacturing 	 650	 Not	 Bunding	 and	 spillage
available equipment

P P Payne	 252	 £6,000 Containment, bunding, drain
inspection, pressure testing

Ricoh (UK) Products	 740	 Not	 Chiller units, energy saving
available devices, toner compactor.

The EMS at Solvay Interox Ltd did not require any additional expenditure. Substantial

resources had been committed to ensuring legal compliance. In 1994, £1.5 million

was spent on environmental protection and a further £4 million was budgeted for the

period 1995 to 1997 (Figure 9.4). The replacement of coal-fired boilers with new high

efficiency, low emission boilers required an additional £6 million. This would ultimately

result in cost savings and ensure future environmental emission standards were

achieved.
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Figure 9. 4: Spending on environmental protection at Solvay Interox
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9.5. EMS CERTIFICATION FEES

Charges to third party registration bodies will be required for those organisations

seeking external certification to ISO 14001. To minimise these costs the NACCB

introduced criteria allowing greater reliance on the internal auditing system (NACCB

1 994a). Certification charges are still high with one of the major certification bodies,

the British Standards Institution, charging £1000 for registration, covering the initial

visit and questionnaire. The final cost is likely to be in the order of £2000-5000 per

company (Hill, et al., 1995).

The survey undertaken by the BS 7750 I EMAS User's Group found certification fees

substantially varied. Daily rates ranged from £400 to £1240, averaging £585. Full

assessments took between 2 and 21 working days, with an average of 7.2 days. Total

costs ranged from £1,100 to £8,757, with an average of £3,745. SMEs paid from

£1,100 to £3,500, with an average of £2,200. Following certification, companies had

two surveillance visits a year from their certification body. These visits ranged from 1-
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3 working days and cost from £775 - £1550, with an average cost of £950 per

company.

Although certification fees are significantly less than the internal personnel costs of

implementation they still represent a significant cost, especially for SMEs. As 95% of

companies in the UK employ fewer than 20 people these high charges will discourage

a large proportion of companies from adopting the standards. In a similar way to BS

5750 such companies will only seek external certification if demanded by their

customers (Hall, 1995). To encourage EMS implementation in SMEs certification

bodies must be prepared to offer affordable rates.

9.6. STAFF COSTS OF MAINTAINING AN EMS

Following certification, the resources required to maintain an EMS should not be

underestimated. Ongoing requirements include the implementation of management

programmes, record keeping, auditing, management reviews and document revision

and control. Business in the Environment predicted this would take small companies

10 days and IPC regulated firms 70 days a year, with costs ranging from £2,000 to

£7,000, depending on the size and nature of the company (McKenna, etal.,1996).

These are underestimated compared to the actual time spent by those involved in the

survey of 22 certified companies. 50% were able to quantify annual maintenance

costs and 82% found 150 days per annum to be adequate. Commitment required

ranged from 27 to 553 staff days, with an average of 138 days (Table 9.8). This is less

than half the resources required during the implementation period and equates to

£5,400 to £110,000 per annum, averaging £27,600. These results are comparable

with those found by the BS 7750 / EMAS User's Group where annual days, including

internal audit and review meetings, averaged 154 days (Baxter, 1997).
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Table 9. 7: Staff- time and associated costs of maintaining an EMS

Company Name	 No of	 Management	 Cost" / year
________________________ Employees 	 Time (Days) *

Auto-Smart Ltd 3	55	 33	 £6,600

Applied Chemicals 3	150	 40	 £8,000

Anaplast Ltd2	170	 113	 £22,600

Alcan Smelting & Power UK 1	172	 27	 £5,400

Arjo Wiggins Fine Papers Ltd3	230	 66	 £13,200

PP Payne2	252	 156	 £31,200

BICC Cables Ltd 2	350	 48	 £9,600

Curtis Fine Papers 2	350	 53	 £10,600

Lindsey Oil Refinery Ltd 1	500	 56	 £1 1,200

Ricoh (UK) Products Ltd 1	740	 533	 £106,600

Epson Telford Ltd3	1,700	 400	 £80,000

KEY:

* Assuming 226 days a year at 7.5 hours a day
# Assuming a daily costs of £200 to cover salary and overheads
1 Process regulated by Integrated Pollution Control
2 Process regulated by LAAPC
3 Non-prescribed process

The time required to maintain an EMS generally increases with company size (Figure

9.5). SMEs required an average of 60 staff days per annum compared with 208 for

larger companies (Table 9.8). The time required to maintain the EMS dramatically

increased for companies employing over 500 staff, with Ricoh (UK) Products and

Epson Telford both requiring over 500 days per annum. This can be explained by the

fact that the company's size warranted full time environmental staff who also called on

the others for their input.

In a similar way to implementation time a great variety was seen between similar sized

companies. Alcan Smelting and Power and Anaplast, both with 172 employees,

estimated maintenance requirements of 27 and 113 days per annum respectively

(Table 9.7). This reflects the many factors influencing resource requirements such as

complexity of operations, severity of environmental effects, requirements of legislation

and environmental risk associated with the company's operations.
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Figure 9. 5: Staff-time to maintain an EMS versus company size
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Table 9. 8: Staff-time of maintaining an EMS versus company size

No of employees	 Maintenance Time Range Maintenance Time Average
(staff-days)	 (staff-days)

<250 employees	 27- 133	 60

>250 employees	 48-533	 208

Companies prescribed as Part A for regulation under IPC required substantially more

time to maintain their systems compared with non-prescribed or Part B processes

(Table 9.9). This is the reverse of implementation time which on average was less for

these companies, probably because of their advanced starting position. This will have

no impact on maintenance time which appears to increase in proportion to the size and

complexity of environmental effects. In addition IPC regulated companies are more

likely to employ dedicated environmental managers.
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Table 9. 9: Staff-time of maintaining an EMS versus process classification

Process Classification	 Average Management Time

(EPA 1990)
	 (staff-days)

Part A	 205

Part B	 93

Non-prescribed	 134

At Solvay Interox, the time required to maintain those EMS elements not in place prior

to the project was estimated to be 107 days per annum, equating to approximat&y

£21,400. This amounted to only 21 % of the costs of implementation. The majority of

environmental concern was not directly attributable to the decision to adopt an EMS

standard. Environmental training costs were absorbed as part of the ongoing training

provided to employees. Any additional training requirements were incorporated within

these sessions. Had there not been such well developed systems in place prior to BS

7750 implementation of the standard would have further increased annual

maintenance requirements.

9.7. COSTS OF IMPLEMENTING EMAS

It is difficult to isolate the costs of implementing EMAS as the majority of registered

companies seek BS 7750 / ISO 14001 certification first then upgrade to EMAS. This is

a relatively straightforward process requiring the production and validation of the

publicly available environmental statement. For those companies without an existing

EMS the survey of nineteen small companies undertaken by Business in the

Environment in November 1995, predicted the time required to achieve registration to

EMAS to be anything from 40 and 260 staff days (Business in the Environment, 1996).
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Table 9. 10: Staff-time of maintaining new EMS elements at Solvay Interox Ltd

Element of EMS	 Man Days	 Cost*

________________________________________________ _____________	 ()

Update Effects Assessment 	 1	 200

Monitor Progress towards Performance Targets	 2	 400

Update Annual Performance Targets 	 2	 400

Monitor Progress towards Programme 	 5	 1000

Update Objectives & Programme	 2	 400

Update Register of Regulations	 1	 200

Developing Audit Schedule 	 1	 200

Auditing	 50	 10000

Management Review Meetings 	 8	 1600

Review Manual & EMS Procedures 	 10	 2000

Review S.O.Ps	 20	 4000

Supplier Assessments	 5	 1000

TOTAL	 107	 21,400

* Assuming a cost of £200 day of management time.

More comprehensive data is available from Germany where the number of registered

EMAS sites is significantly greater than in the UK. Herbert Klemisch, of the Klaus

Novy Institut in Cologne, evaluated the experiences of three small wood-working shops

gaining registration in 1996 (Table 9.11). Human resources required ranged from 22

to 54 days (Business in the Environment, 1997). This appears modest when

compared to the average of 333 days required in the UK for ISO 14001 I BS 7750

implementation. It can be explained by their extremely small size and simple

operations. Their heavy use of consultants will have also substantially reduced

internal costs. The financial costs of producing the environmental statement ranged

from £1,300 to £3,400. Fees paid to verification bodies for the registration process

varied from £1,700 to £3,400.
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Table 9. 11: EMAS costs in three wood-working shops in Germany (Business in
the Environment, 1997)

Company	 A	 B	 C

Number of Employees	 30	 14	 Unknown

Turnover	 £1.4 mill	 £0.8 mill	 £0.6 mill

Manager Resources (staff-days)	 27	 27	 19

Employee Resources (staff-days) 	 27	 9	 3

Consultants Costs	 £26,700	 £4,600	 £2,300

Environmental Statement Costs	 £3,400	 £1,300	 £1,300

Verification Costs 	 £3,400	 £1,700	 n.a.

Overall Costs	 £45,800	 £16,000	 £11,400

1 Assuming an exchange rate of $1.6 to £1

The UK survey by the BS 7750 / EMAS User's Group found resource requirements for

EMAS to range from 2 - 100 working days, with an average of 36 days. The company

requiring 100 days was not certified to BS 7750 and had progressed directly to EMAS.

As the majority of the remainder had implemented BS 7750 prior to EMAS the reported

costs relate primarily to the production of the environmental statement. The

verification process lasted from 2-8 days, with an average of 4 working days.

Verification bodies charged on average £545 a day and the total fees paid for

verification ranged from £1000 to £4408, with an average of £1,900 (Baxter, 1997).

Information provided by four of the first companies in the UK to become registered to

EMAS illustrates that the staff time required to prepare the environmental statement

can range from 2-3 days, for a simple statement of a small company, to 2 people full

time for 2 months where substantial data collection and analysis is required (Table

9.12).
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Table 9. 12: Staff-time required to prepare an environmental statement for EMAS
(from Institute of Environmental Management, 1995a)

Company Name	 No Employees	 Statement Preparation Time

Akzo Nobel	 135	 2-3 staff days

Ciba Clayton	 500	 2 people on and off for 6-8 weeks

National Power (Drax) 	 620	 5 staff days

Design to Distribution	 188	 2 people full time for 2 months

9.8. SUMMARY

The most significant resource implication of achieving EMS certification is the staff time

required during the implementation period. Companies amongst the first to achieve

certification to BS 7750 reported substantial variations in the human resources

required. These ranged from 107 to 681 days, with an average of 333 days, equating

to approximately £67,000 per company. These high costs are likely to reflect the steep

learning curve during the initial years of the standards' operation. In addition

timescales are likely to have been extended by participation in the BS 7750 pilot trial

which ran for two years before it was finalised.

Although the resources required to implement a recognised EMS are significant the

majority of companies are able to achieve certification through the utilisation of existing

employees. A significant number also employ external consultants, particularly during

the initial stages of implementation. Additional costs associated directly with

certification are the third party registration fees, which average £4,000 per company.

Capital expenditure is frequently indirectly required to ensure legal compliance. This

cannot be directly attributable to the EMS as it is usually required to minimise liabilities

and would have been needed to meet legal requirements. Typical requirements are

for improved storage facilities and emergency response equipment.

Companies seeking registration to EMAS are usually already registered to BS 7750 or

ISO 14001. The additional costs relate principally to the management time required to

develop the public environmental statement and the validation fees paid to external
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verifiers. Preparation of the statement can take up to 100 working days, depending on

the complexity of the company and availability of environmental performance data.

Fees paid to verifiers for validation of the report cost on average £2,000.

The experiences of certified companies illustrate that EMS implementation is feasible

within 6 to 12 months, a resource input of 100 to 300 days, and certification fees of

£2,000 to £4,000. The exact resources required depend on many factors including the

base-line position, nature of activities, complexity of operations and choice of project

champion. Companies taking substantially longer than 300 days are likely to be overly

concerned about the detail required to meet the assessor's requirements. The

exception is those with complex processes with significant problems concerning legal

compliance which need to be addressed prior to certification.

Following certification, the resources required to operate an EMS are dramatically

reduced compared to the implementation period. They relate mainly to human

resource costs and average 138 days or £27,600 per annum. To maintain certification

annual surveillance fees of approximately £2000 must be paid to certification bodies.
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CHAPTER 10

10.0. MEASURING THE VALUE OF AN EMS

10.1. INTRODUCTION

To demonstrate to stakeholders, especially shareholders, the value of environmental

management it is important that companies regularly publish reports detailing their

progress. Environmental accounting systems allow environmental objectives and

targets to be linked with specific financial outcomes. This will ensure resources are

made available where they provide the most benefit in both financial and

environmental terms (British Standards Institution, 1996d). Whilst business is subject

to mandatory financial auditing and reporting the position is much less developed for

environmental accounting (DETR, 1998b) (ACBE, 1997). Businesses reporting on the

value of their environmental management activities usually do so by quantifying

physical impacts or outputs, such as the quantity of waste produced or resources

consumed. Comparisons made on an annual basis measure changing environmental

performance. Financial savings can be calculated by converting any reductions in

waste or resource consumption into monetary terms. A common weakness of this

approach is that the costs incurred during the achievement of environmental

improvements are not included. To measure the true value of environmental activity

accounting systems are needed which compare environmental expenditure with the

resulting income, Ideally this would quantify the financial implications of the reported

physical performance measures and give details of matters such as fines and

prosecutions (ACBE, 1997). The collection of such data is beneficial in supporting the

business case for environmental improvement, demonstrating the true cost of

environmental legislation and helping in environmental decision making. There are,

however, a number of problems in applying traditional cost benefit analysis to

environmental initiatives. The costs are often unknown and many of the benefits are

difficult, if not impossible, to accurately monetise (Baxter, 1997) (Holland, 1997).

There is ongoing debate between academic institutions, accountants and city analysts

about how environmental issues should be treated for accounting purposes.
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This chapter reviews current best practice in environmental accounting and

investigates mechanisms for measuring EMS value. Lessons are learnt from

techniques previously adopted for measuring the performance of quality management

systems. Finally the factors influencing EMS value are identified to assist

organisations in determining whether a certified system is the most appropriate option.

10.2. LESSONS FROM QUALITY MANAGEMENT SYSTEMS

In considering mechanisms for measuring EMS value it is useful to examine previous

research in the field of quality systems. Research on the impact of quality

management programmes on business performance is based on the concept of quality

costing (Dale, et aL,1995). These include money spent in attempting to achieve 100%

customer satisfaction and the money wasted through failures (Musgrove, et al., 1991).

Surveys in Western companies over the past 40 years have found that quality costs

account for between 5% and 40% of turnover or between 3% to 50% of profit,

expressed as a percentage of turnover. They are often at least as large as, and in

most cases at least twice as large as, gross profits on turnover (Parker, 1995).

The most widely accepted model for categorising and analysing quality costs is the

prevention, appraisal and failure model. It has been in use for 20 years and was first

formulated by the American Society for Quality Control and later adopted by the British

Standards Institution (Musgrove, et al., 1991). Quality costs are categorised into the

cost of conformance and the cost of non-conformance. Conformance costs are the

voluntary costs of achieving the desired quality level. They include those incurred in

prevention and appraisal. Costs of non-conformance are the involuntary costs of

failing to achieve the desired quality level and include internal and external failures

(Table 10.1).

Taguchi's "Loss to Society Model" introduced the concept of incorporating the total loss

to society generated by the shortcomings of a product (Musgrove, etaL, 1991). This

could be the loss of failing to improve a product or that caused by harmful side effects.

Taguchi provides examples of savings imparted to society through the manufacture of

a shirt requiring half the washing of a traditional shirt. This saves society half the cost
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of laundry bills and also produces environmental benefits in terms of savings in energy,

reduced release of detergents and less noise.

Table 10. 1: Examples of Quality Costs (from Parker, 1995)

Prevention:	 Appraisal:
• training	 • design reviews
• quality management system	 • field trials

• test equipment design	 • inspection

• quality cost reduction programme	 • review of publicity material

• vendor appraisal	 • checking cost bookings
• staff appraisal• business improvement teams

Internal failures:	 External failures:
• scrap	 4 warranty credits
• downgrading	 4 complaint investigations
• redrafting test routines 	 4 replacement costs
• retyping invoices	 4 product liability claims
• debugging tested software 	 4 discounts on poor installations
• correcting manual proofs 	 • redesign because of incompatibility
• stock-outs

The concepts introduced by quality costing can be applied to environmental

improvement programmes and EMS implementation. The first stage is to identify

types of environmental costs. As in quality they can be classified into conformance

costs including training, staff time, investments, plus non-conformance costs including

the costs of inaction, such as waste, fines and clean-up costs (Table 10.2).
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Table 10. 2: Examples of Environmental Costs

Prevention:	 Appraisal:
• training	 • monitoring costs

• environmental management system	 • performance measurement

• environmental protection equipment 	 • inspection

• environmental programme	 • Environment Agency fees
• Water Company fees• supplier assessments

• environmental teams

Internal failures	 External failures
• waste product	 • complaint investigations
+ waste raw materials 	 • incident I accident investigations
• waste energy	 • clean-up costs
• waste water	 + prosecutions
• waste disposal costs	 • cost of missed business opportunity

In 1994 a review of the Financial Aspects of Environmental Reporting by the

Association of Chartered Certified Accountants (ACCA) found few companies had

attempted to produce comprehensive environmental accounts (Bennett, 1996). By

1997 it was estimated there were 300-400 companies world wide producing

environmental reports (Brown, 1997). Compared to other areas of accounting

research, environmental accounting issues have received little attention in academic

journals (Stanwick, et al.,1998). By 1998 the UK top 100 companies all reported on

environmental matters with one fifth producing separate environmental reports (DETR,

1998) (DETR, 1998b). This practice, however, is largely limited to major corporate

organisations with only half of the next 250 companies publishing information about

their environmental performance. Although guidelines for environmental reporting

have been established by the Advisory Committee on Business and the Environment

(ACBE), the United Nations Environment Programme (UNEP) and the Association of

Chartered Certified Accountants (ACCA) only 11% of companies used them in

developing their reporting structures (DETR, 1998b). This means the quantity, quality

and detail of information provided by companies varies substantially which makes

comparisons between organisations difficult. Their quality consistently fails to meet the

expectations of stakeholders especially in terms of quantification and benchmarking

(Brown, 1997). In 1994, a study undertaken by UNEP and Sustainability reviewed the

environmental reports of 100 pioneers in the field, marking them against a 5-stage

model (Brown, 1997). Of those studied 39% were classed as Stage 1 or 2, producing
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newsletters, videos or short statements in annual reports or one-off environmental

reports. Stage 5, requiring comprehensive reporting on a range of sustainability issues

with multi-way stakeholder engagement, was not attained by any companies and only

5% reached Stage 4.

The concept of environmental reporting and accounting is better developed in the

United States. The US Environmental Protection Agency has developed a framework

for internal total cost accounting (TCA) involving tiers ascending in degrees of

comprehensiveness (Table 10.3).

Table 10. 3: Tiers of environmental costs in US Environment Protection Agency
Model

Tier 0	 Direct costs only

Tier 1	 Direct costs and indirect costs

Tier 2	 Tiers 0 and 1, plus legal liability costs

Tier 3	 Tiers 0 to 2, plus intangible costs and benefits

Tier 0 - direct costs

These are the visible costs of environmental activity or inactivity which even a simple

costing system will report. They are immediately identifiable with the product or

process.

Tier 1 - indirect costs

Tier 1 costs are those which are indirectly allocated to a particular product or

processes. Those included in this group depend on the sophistication of the

accounting system. They may include costs such as energy, waste management and

disposal cost which are not tracked to specific products or processes.

Tier 2 - legal liability costs

Tier 2 incorporates costs which may arise in the future. These may be fines and

penalties for non-compliance imposed under criminal law or claims on the company

from third parties under civil law. They are harder to quantify than direct and indirect

costs as they depend on probabilities.
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Tier 3 - intangible costs

Intangible costs are those which result from improved environmental performance but

which are not easily quantified, such as improved public image with customers and

stakeholders and increased staff morale. They may also include externalities such as

the true cost to society of environmental damage, for example in deterioration of

health.

A North American study, commissioned by British Telecom, interviewed larger

companies and found awareness of the TCA framework but few who had sought to

quantify even tier 1 or 2 costs and benefits (Bennett, 1996). None of those interviewed

had attempted to include tier 3 costs. A common problem is the lack of an agreed

systematic framework for defining, evaluating and reporting information. A major

difficulty arises in classifying expenditures which are carried out for business as well as

environmental reasons. British Telecom, which received international recognition for

their approach to environmental reporting, devised a framework for identifying which

costs to account for. Activities or issues related to their environmental policy;

compliance with environmental legislation; a recognised external environmental issue

or accepted good environmental practice were included (Figure 10.1).

The weakness with this approach was its inclusion of most of BT's commercial

activities. A significant percentage of the costs or savings included were associated

with purely commercial decisions or activities which had not resulted from

environmental considerations. A second set of tests identified those issues or

activities relevant to environmental performance (Table 10.4). This framework was

applied to all issues including fuel and energy, wastes, procurement, emissions to air,

product stewardship, local impacts and environmental management.
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Is the issue current or future
compliance?

Current	 Future compliance
compliance	 (up to 2 years

ahead)

Figure 10. 1: BT's framework for identifying issues to be incorporated in
environmental accounts (from Lane, 1996)

Does the activity/issue contribute to
BT's environmental performance?

Is the activity primarily driven through:

• compliance with environmental legislation?

• commercial requirements?

• voluntary initiative?

Exclude from environmental
reporting

Legal compliance
	

Commercial requirements
	

Voluntary action

Is it possible to quantify increased/reduced
environmental impacts associated with

commercial requirements?

Environmental	 Commercial 1	 Exclude from
impacts	 benefits	 environmental

(direct/indirect) 	 reporting

In North America, Baxter Healthcare and Monsanto are recognised leaders in the field

of environmental reporting and cost accounting (Gray, 1997) (Barwise, 1996) (Bennett,

1996) (Deloite Touche Tohmatsu, 1994). Monsanto, a large US chemical company,

reported externally on environmental costs for a number of years. They quantify

operating costs, capital investment, staff costs, land remediation, environmental

research and development and recoveries (Table 10.5). Operating costs include those

of running pollution control equipment, including depreciation, disposing of wastes and

obtaining licences and permits. Capital expenditure is included where the project has

environmental benefits but which are not justified by conventional commercial criteria.

This excludes investment in cost effective pollution control equipment. Staff costs are

included, if at least half their total time is spent on environmental issues. Recoveries

include any financial savings resulting from improved environmental performance such

as avoided waste disposal costs. The 1994 accounts revealed that environmental

costs significantly outweigh the recoveries although the savings were believed to be an

underestimation as not all Monsanto units record this information.
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Table 10.. 5: Environmental costing at Monsanto Ltd (from Bennett, 1996)

Expenditure

Operating costs
	

$ 150 million

Capital costs
	

$ 90 million

Staff costs
	

$ 60 million

Land remediation
	

$ 20 million

Environmental R&D

	

	
$ 20 million

$ 360 million

Income

Recoveries
	

$ 30 million

Baxter International, a leading producer, developer and distributor of health care

products and services, have one of the most advanced environmental accounting

systems. Income and savings are compared with the costs of the proactive

environmental programme on an annual basis (Table 10.6). Ongoing savings from

previous years initiatives are also included. Although their accounting system is one of

the most advanced no attempts are made to quantify legal liability and intangible costs

although undetermined costs are referenced in the report (Table 10.7).

10.2.1 Accounting for Legal Liability Costs

Legal liability costs are those associated with inactivity resulting in criminal fines or civil

liabilities. Without effective control systems, there is no guarantee for how long a

company will avoid such litigation. Calculations of legal liability costs are complex

involving probabilities of prosecution and potential fines. They can be useful, however,

in justifying expenditure on initiatives designed to improve legislative compliance.
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Table 10. 6: Estimated costs and savings world-wide at Baxter International
($m!Ilion)(from Baxter International, 1996)

Environmental costs:

Costs of proactive programme:

Corporate environmental affairs

Auditor's and attorney's fees

Corporate environmental engineering I facilities engineering

Division/facility environmental professionals and programmes

Packaging professionals and programs for packaging reduction

Pollution controls, operations and maintenance

Pollution controls, depreciation

Total costs of proactive programme

Remediation and waste disposal costs

Attorney's fees for clean-up claims, NOVs

Waste disposal

Remediation / clean-up on site

Remediation / clean-up off site

Total remediation and waste disposal costs

Total Environmental Costs

1994 1993 1992

27.6	 26.2	 28.0

Environmental income, savings and cost avoidance
associated with environmental initiatives in report year

Ozone-depleting substances cost reductions

Hazardous waste - disposal cost reductions

Hazardous waste - material cost reductions

Non-hazardous waste - disposal cost reductions

Non-hazardous waste - material cost reductions

Recycling income

Green lights energy conservation - cost savings

Packaging cost reductions

Total income, savings and cost avoidance for report year's
initiatives

- As a percentage of the costs of proactive programme

Total income, savings and cost avoidance from report year's
initiatives

Cost avoidance in report year from efforts initiated in prior
years back to 1989

Total income, savings and cost avoidance
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Table 10. 7: Examples of undetermined costs and savings included in Baxter's
environmental report (from Baxter International, 1996)

Examples of undetermined costs:

• environmentally driven materials research and other R&D

• capital costs of modifying processes other than adding pollution controls

• costs of substitutes for ozone-depleting substances and other hazardous

materials

• lost sales from environmental issues

• extra capital cost for environmentally superior lighting and other equipment that is

more expensive than alternatives

Examples of undetermined savings:

• reduction in liability exposure resulting from tank removals, waste site evaluations

and other risk management programs

• record-keeping and administrative costs

• increased goodwill, sales and employee morale

• capital cost savings for environmentally superior lighting and other equipment

that is less expensive than alternatives

10.2.2 Accounting for Externalities & Intangible Costs

The accounting mechanisms described so far have been concerned with quantifying

internal costs and savings. There is increasing interest in assessing and monitoring

external environmental costs and savings (Holland, 1997). Companies are realising

that through tightening legislation, increasing public opinion and the introduction of

greater fiscal measures, today's external environmental costs are likely to become the

internal costs of the future . An example is the use of private road transport which

results in substantial costs to both businesses and the environment. Companies which

provide services to reduce transport commitments will be able to generate both

environmental and economic benefits to themselves and their customers. Few

companies have experience in quantifying externalities. Those who have have done
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so mainly to compare alternatives or to highlight significant externalities as an impetus

for organisational or governmental action (Bennett, 1996).

Ontario Hydro, an Canadian electricity producer, is a leader in the area of externality

costing (Gray, 1997) (Bennett, 1996). They aim to calculate a monetary value for all

significant environmental impacts to add to the internal cost of producing electricity.

They believe a revised cost, reflecting the full life cycle of their projects, will result in

decisions creating the least cost to society. To date they have developed estimates for

some aspects of the impact of fossil fuel generation and nuclear generation, including

effects of emissions to air on the mortality and morbidity of the local population and on

agriculture. Those covered include sulphur dioxides, total suspended particulates and

some nitrogen trioxides. They have developed a four stage approach for calculating a

single monetary amount to reflect these environmental impacts. The first stage is to

identify all emissions and their potential impacts. This is relatively straightforward and

easily achieved using up to date monitoring equipment. The second stage ieqthres

emission dispersion modelling, a process they have found difficult but reliable. The

final two stages rely largely on measurements and calculations provided by the

government and other bodies. The third involves quantifying, in physical terms, the

impacts on society such as the mortality and morbidity of the local population, and

impacts on agriculture. This has some inherent uncertainties as impacts are based on

probabilities. The final stage, monetising these impacts, is perhaps the most complex.

In the case of impacts on local agriculture the actual market prices of the crops

affected can be determined. Monetising impacts on health is more difficult and

involves estimating the cost of the average length of stay in hospital, which is 11 days

for respiratory diseases, plus typical personal insurance claims and loss of earnings.

For mortality costs an average of $4 million per life was assumed based on the current

literature available on the subject (Bennett, 1996).

The process of monetising externalities is subjective and time consuming. Ontario

Hydro believe the costs are justified since it will support better decision making. Whilst

monetisation may be desirable in principle it is not feasible for all environmental

impacts due to a lack of available information. In terms of monitoring the ongoing

value of environmental management systems it is recommended that companies start

by establishing annual accounts of tier 1 and 2 costs, allowing costs and revenues to
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be compared. Calculations of legal liability costs and externalities can be beneficial in

decision making but even those companies leading the field have not included such

costs in their annual accounts.

10.3. MEASURING THE VALUE OF AN EMS

The first stage in measuring the value of an EMS is to establish accounting systems

similar to those adopted by Monsanto and Baxter International. This allows annual

comparisons of the costs incurred and savings generated from implementing and

operating the EMS. The establishment of recording systems from the start of

implementation allows financial appraisal techniques to be used retrospectively to

appraise the outcome of the project. This typically involves an assessment of the

amount of revenue accruing from the project against its costs. Financial data included

in such investment appraisals can be conveniently divided into six categories (Table

10.8). The decision to adopt an EMS standard will increase variable costs through

additional labour requirements whilst savings may result from reduced resource

consumption or waste disposal costs. Capital costs may need to be considered if any

new equipment is purchased (Chapter 9).

Table 10. 8: Types of costs and savings typically included in investment
appraisal

Capital Costs

Capital Income

Variable Cost Savings

Variable Cost Increase

Fixed Cost Savings

Fixed Cost Increase

One-off costs usually incurred in the purchase of plant and
materials

One-off income usually incurred in the sale of plant or
materials

Variable costs reduced by the installation of the new
system (eg use of less resources)

Variable costs increased by the installation of the new
system (eg extra maintenance)

Fixed costs reduced by the installation of the new system
(eg the removal of building and thereby reducing rates)

Fixed costs increased by the installation of the new system
(eg by renting more space for the production increase)
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By comparing implementation costs with financial savings a clearer picture of the value

of the system can be gained. At Birds Eye Wall's Ice Cream, the cost of achieving

certification was estimated at £100,000 of which £65,000 paid for a consultant and a

graduate who helped the company prepare its documentation (ENDS Report 264b,

1997). The remainder represented the cost of management time. In addition £15,000

was spent on improving containment of hazardous substances. In 1996 as a direct

result of the investment the site saved £250,000. Annual savings were therefore over

twice the implementation costs. Further evidence is provided by Renlon who identified

savings of over £22,000 which were sufficient to cover the annual costs of operating

the system (Hill, et al., 1996).

The most commonly used investment appraisal technique is the calculation of payback

periods. This involves comparing an initial outlay with annual savings resulting from

the investment. At its most simple level it provides a time period in which the capital

investment is recouped. This occurs at the time by which the aggregate of costs and

savings resulting from a project equals zero (Energy Efficiency Office Best Practice

Programme, 1993). The shorter the payback period the better the investment.

Payback periods can be calculated for EMS implementation where data are available

on the costs of implementing and maintaining the system and the resulting income,

savings and cost avoidance.

The results of the 1996 SGS Yarsely pan-European survey found that companies with

a certified EMS perceived them to be highly cost effective. ISO 14001 was considered

to be cost effective by 85%, EMAS by 80% and BS 7750 by 82%. In addition 60%

expected a payback after one year and 75% would recommend the standard to others

(SGS Yarsley, 1996). Similar results were reported in the Institute of Environmental

Manager's 1996 Members Survey (Institute of Environmental Management, 1996a).

All members felt their EMS had been worth the effort of implementation and many

were surprised at how rapidly the system was proving itself to be effective.

Wolstenholme International is one of the few certified companies to have established

an accounting system to measure EMS performance (Garrett, 1998b and 1997)

(ETBPP, 1996b) (ENDS Report 263). The first stage was to calculate the costs of

improvement initiatives, one-off savings and annual savings (Table 10.9). The costs of
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maintaining the system, which were calculated to be £7,500, were deducted from the

annual savings to give a net annual saving of £96,000 (Table 10.10). Costs of EMS

implementation were calculated at £71, 300 including new equipment and personnel

costs. This was compared with the savings to calculate a payback of 4.5 months

(Table 10.11).

Table 10. 9: Cost of environmental initiatives versus savings at Woistenholme
International (from ENDS 263, 1996)

Cost (eE)	 One-off	 Annual
savings ()	 Savings (f)

Waste reduction	 5,800	 -	 39,000

Raw material and consumables 	 8,000	 25,000	 32,000

Energy efficiency	 24,000	 6,000	 31,800

Liquid effluent	 4,100	 -	 -

Avoided equipment	 -	 4,000	 -

TOTAL	 41,900	 35,000	 103,600

Table 10. 10: Net annual savings from EMS at Woistenholme International (from
ENDS Report 263, 1996)

Cost/Saving ()

Annual savings	 103,600

Annual labour costs (waste reduction)	 2,000

Annual maintenance costs (EMS)*	 5,500

Net annual saving	 96,100

* 75 man days plus the certifiers annual surveillance fee for BS 7750 of £1,100
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Table 10. 11: Payback period for EMS implementation at Woistenholme
International (from ENDS 263, 1996)

Cost/Saving ()

Implementation costs (equipment & EMS)	 71,300

One-off savings	 35,000

Net total implementation cost 	 36,300

Annual savings	 103,600

Annual labour costs (waste reduction) 	 2,000

Annual maintenance costs (EMS)*	 5,500

Net annual saving	 96,100

Payback	 4.5 months

* 75 man days plus the certifiers annual surveillance fee for BS 7750 of £1,100

Similar calculations can be undertaken for Vauxhall Motors in Ellesmere Port. The

estimated cost for preparation and certification of BS 7750 over twelve months was

£327,000 including £200,000 capital expenditure for plant modifications (pers. comm.

Woodward, 1995). Electricity savings amounted to £120,000 in six months and

reduction of waste to landfill secured savings of £1,600 per week (Healy, 1995). In

total these amounted to over £323,000 per annum giving less than a one year payback

on the costs of implementation (Table 10.12).

Table 10. 12: Payback period for EMS implementation estimated for Vauxhall
Motors

Cost/Saving ()

Implementation Costs (including capital expenditure) 	 £327,000

Annual savings (electricity usage)	 £240,000

Annual savings (waste reduction) 	 £83,200

Net Annual saving	 £323,000

Payback	 12 months
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Of the companies participating in the survey, few were able to provide sufficient

financial data to develop accounts as detailed as those at Woistenholme International.

Of the 77% who achieved financial savings only five companies (45%) could estimate

these in financial terms and provide an estimation of EMS implementation and

maintenance costs. Net annual savings, ranging from £18,700 to £490,000, were

calculated by deducting the annual EMS maintenance costs from the annual savings

(Table 10.13). By comparing the implementation costs with these annual savings a

payback period could be calculated (Table 10.14). In all five company's the costs of

implementing the system were recouped within 18 months of certification. Capital

expenditure has been excluded as for the majority of companies it was required to

meet legislation rather than to achieve financial savings (Chapter 9). The inclusion of

certification fees paid to third party registration bodies increased implementation costs

on average by £4,000 and annual maintenance costs by £1,000 (Chapter 9). This has

the impact of reducing payback by approximately 1 month per company (Table 10.15).

Table 10. 13: Net annual savings or costs resulting from EMS implementation
(excluding capital costs & certification fees)

Company Name	 Noof	 Annual	 Annual	 Net Savings
_________________ Employees	 Costs*	 Savingd' __________

Applied Chemicals	 150	 £8,000	 £100,000	 £92,000

PPPayne	 252	 £31,200	 £50,000	 £18,800

BICC Cables	 350	 £9,600	 £500,000	 £490,400

Ricoh (UK) Products	 740	 £106,600	 £150,000**	 £43,400

Epson Telford	 1,700	 £80,000	 £130,000	 £50,000

* assuming a cost of £200/day to cover salary and overheads
# savings achieved within first year after certification

savings quoted as £100,000 - £200,000 therefore averaged as £150,000
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Table 10 14: Payback periods for EMS implementation excluding certification
fees

Company Name	 No of	 Implementation	 Net	 Payback
_________________ Employees	 Costs*	 Sa vings# (months)

Applied Chemicals	 150	 £80,000	 £92,000	 10

PP Payne	 252	 £21,400	 £18,700	 14

BICC Cables	 350	 £40,000	 £490,400	 1

Ricoh (UK) Products	 740	 £61,200	 £43,400	 17

Epson Telford	 1,700	 £74,600	 £50,000	 18

* based on £200 per day to cover salaries and overhead costs
# savings achieved within first year after certification

Table 10. 15: Payback periods for EMS implementation including certification
fees but excluding capital equipment costs

Company Name	 No of	 Implementation	 Net	 Payback
__________________ Employees	 Costs*	 Sav!ngs# (months)

Applied Chemicals	 150	 £84,000	 £91,000	 11

P P Payne	 252	 £25,400	 £17,700	 17

BICC Cables	 350	 £44,000	 £489,400	 2

Ricoh (UK) Products	 740	 £65,200	 £42,400	 18

Epson Telford Ltd	 1,700	 £78,600	 £49,000	 19

* based on £200 per day to cover salaries and overhead costs
# savings achieved within first year after certification

Although five (23%) companies experienced favourable payback periods an additional

five (23%) reported their systems had not generated any financial savings in the first

year of operation (Chapter 8). Should this situation continue, they would therefore not

recoup the costs of implementation through direct savings on operational efficiency. A

further twelve companies (55%) did achieve financial savings but were unable to

quantify these.
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Table 10. 16: Summary of payback periods on EMS implementation for
participating companies

No of companies	 Percentage of
companies

Payback less than 1 year	 2	 9%

Payback between 1-2 years 	 3	 14%

Savings achieved but unsufficient	 12	 55%
datato calculate payback	 ______________________ ______________________

No payback	 5	 23%

Whilst the calculation of payback periods provides a useful estimation of EMS value it

has a number of basic weaknesses. Of particular relevance is the fact that further cost

savings may be identified after the first year following certification. It can not be

assumed that no further savings will be achieved in subsequent years. In the second

year, for example, environmental initiatives may be implemented which substantially

increase annual savings and therefore reduce payback periods. In addition, this

technique ignores the fact that financial values vary with time due to interest and

inflation.

There are a number of complex investment appraisal techniques overcoming some of

these problems. Return on investment considers the full life-time of the project. Total

savings are divided by the costs to give an average rate of return per year. For

example, if a project results in annual savings of £170 and the full project life is 5 years

the total savings will be £850. If the initial capital cost was £300 then the total return

would be 283%, or a rate of return of 57% per annum (BRECSU, 1995). Other

techniques are available to compensate for the time value of money. Standard

discounted cash flow can be used to calculate the true value of costs in the future. By

applying a discount factor the effects of interest and inflation can be incorporated into

investment appraisal calculations.

These techniques can only be applied to projects with a known life time where savings

and costs occurring over this period can be easily estimated. In the case of the

implementation of an EMS the project lifetime is unknown and the savings likely to

occur in the future difficult to predict. However, where an EMS is already in place its

performance can be measured through the establishment of annual environmental

accounts which detail the cash flow for that period.
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A second weakness of traditional investment appraisal is its limitation to income

resulting from direct improvements in process efficiency. In determining the overall

value of an EMS it is also necessary to consider income resulting from enhanced legal

compliance, improved competitive advantage, reduced insurance costs as well as

avoided future costs. Such benefits are difficult to monetise but essential to consider.

10.4. PREDICTING THE VALUE OF AN EMS

It is essential that companies considering adopting an EMS standard appraise the

commercial costs and benefits of participation before taking action. It is recommended

that such companies undertake a four stage decision making process (Figure 10.2).

Figure 10. 2: Four stages in determining whether to adopt a recognised EMS
standard

Review Situation

Identify Options:

• In-house System

• ISO 14001

• EMAS

Evaluate Resource
Requirements

Assess Potential Benefits

Decision
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10.4.1 Reviewing the Situation

The first stage in the decision making process is a review of the current situation

including identifying relevant standards and their uptake within industry. At present

there are two EMS standards, EMAS and ISO 14001, although in the UK uptake of

ISO 14001 is substantially greater than EMAS. ISO 14001 and EMAS are both due for

revision in 2000 (ENDS Report 289, 1999) (Environmental Information Bulletin,

1998e). This is expected to incorporate ISO 14001 as the environmental management

system for EMAS and to introduce a requirement for annual reporting into both

standards. In the future there is the possibility that these will be unified and an

integrated quality and environmental standard published (Chapter 2). As the situation

is continually developing, knowledge of the current situation is essential for those

considering EMS implementation.

10.4.2 Identifying the Options

The next stage is to identify the options available to the organisation. At present,

manufacturing companies in the EC have the choice of two recognised standards,

EMAS or ISO 14001. For those outside of the EC or involved in non-manufacturing

this is currently limited to ISO 14001. This situation is expected to change with the

review of EMAS in 2000 which is likely to be opened up to non-manufacturing sites

and potentially those outside the EU (Environmental Information Bulletin, 1998e).

A further option, for all organisations despite their location or industrial sector, is the

adoption of an in-house system. These vary in complexity from simple compliance

based activities to those encompassing detailed waste minimisation or life-cycle

analysis techniques. The extent to which these systems are formalised varies from

minimal documentation to fully developed systems consisting of a policy, procedures,

manuals and records.
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10.4.3 Evaluating Resource Requirements

An evaluation of the likely resource implications of each option is recommended as the

next stage in the decision making process. Research from companies certified to ISO

14001 and EMAS assists in this process (Table 10.17) (Chapter 9). During the first

years following their publication companies were typically taking over 300 days to

implement the standards which amounted to £70,000 including consultancy fees and

certification charges. However, certified companies have demonstrated that

implementation is possible within 6 to 12 months and a resource input of approximately

1 00 days. It is likely this could be reduced further with the use of external consultants

with substantial experience of EMS implementation. Additional costs may be incurred

for companies requiring capital expenditure to ensure legal compliance. Registration

to EMAS is likely to cost another £10,000 for the preparation of the environmental

statement and the verification process.

Table 10. 17: Typical Resource Requirements of adopting a certified EMS (from
Chapter 10)

Task	 Costs (Range)	 Costs (Average)

Staff-time (Implementation) 1	£21,000 - £1 36,000	 £66,000

Consultancy Fees	 £600 - £1 ,500	 £1,000

Capital Costs	 £0 - £250,000	 £67,000

Certification Fees	 £700 - £10,000	 £4,000

EMAS Implementation 2	£400 - £20,000	 £7,2002

EMAS Verification 2	£1,000 - £4,408	 £1,900

Annual Staff-time (Maintenance)	 £5,000 - £1 06,000	 £27,000

1 Assuming daily costs of £200 to cover management's salary and overheads

2 From Baxter, 1997

2 The majority of companies responding already had BS 7750/ ISO 14001
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10.4.4 Assessing Potential Benefits

Assessing potential benefits of EMS approaches is less straightforward due to the

large number of variables to be considered (Figure 10.3). Each variable influences the

extent to which the organisation is likely to benefit from an EMS and can therefore

assist a company determine their environmental strategy.

Figure 10. 3: Factors to be considered in assessing the benefits of adopting an
EMS

EXTENT OF REGULATION
	

RESOURCE & WASTE DISPOSAL
COSTS

PRESSURE FROM FINANCIAL
INSITUTIONS

Decision Making Criteria 1: Potential Financial Savings

An EMS has the potential to result in significant cost savings from waste minimisation

(Chapter 8). The potential for savings depends on the organisation's environmental

costs, in terms of resources and waste disposal. The greater the expenditure the more

substantial the likely savings. Scope to save in individual companies can be predicted

by considering evidence from demonstration projects such as the Aire & Calder
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Project, Project Catalyst, Leicestershire, West Midlands, Humberside and Merseyside

(Environment Agency, 1996) (Table 10.18). An estimate of the scope to save can be

calculated from these guidelines. A predicted payback period can be estimated by

comparing the likely resource requirements with potential savings. As the costs of

implementation do not substantially alter with company size these will be most

favourable in organisations with high raw material, utility and waste disposal costs.

Table 10. 18: Calculating scope to save from waste minimisation (from
Environment Agency, 1997)

Raw Materials:

• First most used	 1 - 5%

• Second most used	 1 - 5%

• Third most used	 1 - 5%

• All other materials	 1 - 5%

Packaging	 10-90%

Ancillary Materials	 5 - 20%

Consumables	 10 - 30%

Energy:

• Electricity	 5 - 20%

• Heat for process and space heating (gas and fuel oil) 	 10 - 30%

• Vehicle fuel	 10 - 30%

Water	 20 - 80%

Trade Effluent	 20 - 80%

Solid & Liquid Waste 	 10 - 50%

The long-term feasibility of environmental improvement projects will depend on future

raw material, utility and waste disposal costs. It is widely accepted by economists that

environmental damage needs to be reflected in terms of its true costs to society

(Evans, 1998) (Lewis, 1995) (Gray, et al., 1993) (Pearce, 1992). A Worldwatch

Institute report estimated that during 1994-1996 consumption of fossil fuels were

subsidised by $230 million each year with one estimate as high as $800 million in the

early 1990s (Haavisto, 1996). One mechanism to prevent this is the use of eco-taxes

such as the UK's 1996 landfill tax, which introduced a £7 tax on each tonne of waste

sent to landfill which has since increased to £13 per tonne (Environment Business,
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1999). It aimed at ensuring landfill waste disposal was properly priced and promoting

greater efficiency in the waste management market and economy as a whole (Lewis,

1995).

As the Commission's White Paper on Growth, Competitiveness and Employment

recommends a shift towards green taxes industry is likely to be faced with higher

future resource costs (Auken, 1996). This has manifested itself in the 1999 budget

which introduced an levy on the business use of energy of up to 40% (Environment

Business, 1999). To predict likely eco-tax trends in the UK a review of fiscal measures

adopted in countries with more stringent environmental policies is useful (Table 10.19).

This highlighted substantial support for eco-taxes within the EC.

Decision Making Criteria 2: Markets

Improvements in competitive advantage resulting from EMS certification depends on

the markets in which the company operates. As a first stage, companies considering

an EMS should review their customer's environmental policies to determine their

existing and future requirements. An EMS will be particularly beneficial to those

supplying customers certified themselves or those with stringent requirements,

typically the larger corporate organisations (Figure 10.4). A survey of 500 leading UK

businesses undertaken by BSI in November 1998 found that two thirds had an EMS

and one third employed external auditors to verify its effectiveness (Environment

Information Bulletin, 1998d)

357



Table 10. 19: Status on Eco-taxes within the EC (from Burke, 1996)

Denmark Adoption of a tax reform in 1993 introduced green taxes consisting of an energy
package and tax initiatives concerning pesticides, nickel-cadmium batteries and
chlorinated solvents. These were fully implemented in 1996 and revenues are
expected to amount to 5% of GDP or 10% of overall tax burden. Denmark calls
for global taxes especially in energy, agriculture and transport.

Finland Calls for the introduction of EC wide green taxes and has conducted research
which found that if these replaced some employment tax the result would be to
create employment intensive growth.

Belguim	 Levies have been introduced for waste including waste water, water abstraction
and animal manure.

Netherlands Their second national Environmental Policy, issued in 1993, concluded a tax was
required to reduce carbon dioxide emissions by 3-5% by 2000. This was
introduced in 1996 and is focused on smaller users including households, small
commercial establishments, hospitals and schools. Revenues are recycled back
to tax payers through reductions in direct taxes.

Germany	 Calls for internalisation of environmental costs to enable full implementation of
the Polluter Pays Principle. Europe needs a long-term, ongoing environmental
policy which deliberately affects market forces. The German Federal
Government will do its upmost to ensure a high level of environmental protection
within the EC and calls also for intensive international efforts.

Ireland States that market based instruments, including fiscal and economic instruments
and voluntary agreements are particularly important in achieving sustainable
development. Calls for a better understanding of the environmental costs of
economic activities and realisation that progressive environmental policies,
including greener taxation measures, can benefit competitiveness and
employment creation.

Norway Established the Norweigen Green Tax Commission to evaluate the role of tax
policies in achieving both increased employment and long-term environmental
improvements. The relevant tax reform proposals will be considered within the
ordinary annual budget process. Norway is one of the pioneering countries in
the field of natural resource accounting with established accounts for energy and
air pollution.

Sweden In 1990-91 became the first country to embark on a green tax by introducing a
value added tax (VAT) on energy and transport which mostly affected
households. A carbon tax as well as a sulphur tax was introduced. The tax was
increased in 1993 and differentiated according to categories of consumers. In
1995 the tax rate for industry was doubled. Further green taxes are currently
being investigated by the Swedish Tax Change Committee.

Switzerland In 1995 approved the introduction of incentive taxes on VOCs, and on extra-light
heating oils with a sulphur content more than 0.1 %. The revenues are returned
to the population. Legislation aimed at curbing CO2 emissions provides for a
carbon tax if others methods do not prove effective. Also approved a mileage
related tax on HGVs in 1994 which is expected 2001.

UK Introduced a tax on all categories of waste going to landfill in 1996 as a transition
from taxing jobs to taxing pollution. In 1993 announced it would increase the
overall exise duty on road fuel by an average of at least 3% per annum above
inflation which has since been raised to 5%.
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Figure 10. 4: Companies requiring stringent environmental standards of their
suppliers

• Body Shop

• British Telecommunications

• British Gas

• B&Q

• Sharp

IBM

• Rover Group1

• Jaguar1

• Volvo Group

1 Companies requiring suppliers to become certified to Iso 14001 or EMAS

The second stage in predicting the likely benefits in terms of competitive advantage is

to review uptake of the standards within customers. This will vary both with their

location and industrial sector. Companies exporting to countries with large numbers of

certified companies, such as Japan and Germany, would be well advised to achieve

EMS certification (Chaper 2). This is also true where they export to countries with a

high uptake per head of population, such as Switzerland, Sweden, Ireland, Finland and

the Netherlands. In addition to the number of certificates, consideration of the trends

in EMS uptake in respective countries can be useful in predicting the future situation.

Since Spring 1995 uptake of the standards has been most rapid in Germany, where

EMAS predominates, followed by Japan (Garrett, 1998b).

Potential improvements in competitive advantage will also depend on customer's

activities. The greatest benefit is likely in those supplying an industrial sector with high

EMS uptake. This includes the electronics industry; chemical manufacture; power

generation; paper and printing and automotive industries (Chapter 2). It is also

necessary to consider the degree to which competitors are adopting the EMS

standards. Where a company operates within an industrial sector with high uptake,

certification may be necessary to remain competitive and maintain market share.

Decision Making Criteria 3: Extent of Regulation

Improvements in legal compliance and cost avoidance, in terms of fines and clean-up

fees, will depend on the extent to which a company is regulated (Chapter 8). These

benefits will be greatest in those tightly regulated under Integrated Pollution Control. In

considering whether to adopt a recognised standard it is necessary to consider not
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only current legislation but also trends and developments in UK, European and

International policy. Each year the Environment Agency publishes a ten point list of

priorities targeted for more stringent inspection. In 1998 this included increased

enforcement relating to water pollution and waste management licences and reduced

carbon dioxide emissions (Table 10.20). Pollution related prosecutions have recently

increased by 16% and since the Environment Agency was launched over 1,000

incidents have been taken to court (Lee, 1998).

Table 10. 20: The Environment Agency's ten-point action plan for 1998 (from
Environment Information Bulletin, 1998c)

1. Enforcement - reduce confirmed water pollution incidents by 5%.
2. Waste management - increase waste management licence inspections by 25%

and ensure that every site is inspected at least once during the year.
3. Partnerships - tackle environmental problems at 500 sites by working in

partnership with farmers, industry, local authorities, green groups and others.
4. Consultation - develop over 80 local Environment Agency Plans with local

communities.
5. Climate change - work towards reducing carbon dioxide emissions from regulated

industries by 3 million tonnes.
6. Water resources - reduce over-abstraction at sites of special scientific interest,

alleviate low flows on 30km of river and review abstraction licences at 10 sites.
7. Water quality - improve the quality of 200km of river and 26 bathing waters, and

restore fish to 100km of river.
8. Flood defence - increase the proportion of properties receiving flood warnings by

40%.
9. Contaminated land - encourage and support the clean-up of 50 seriously

contaminated sites.
10. Information - improve the quality and access of information to the public, and

establish 26 new local customer service centres.

EC legislation has doubled in the last ten years and continues to rapidly increase

(Chapter 1). In 1997 a number of key developments likely to have a significant impact

on industry were introduced (Table 10.21). On 15 July the Department of

Environment, Transport and the Regions launched a consultation document on the

implementation of EC Directive 96/61 on Integrated Pollution Prevention and Control

(IPPC). The Directive is similar to the UK's Integrated Pollution Control (IPC) but more

stringent requiring organisations to look at their inputs as well as outputs. This holistic

requirement will encourage a systematic approach to environmental management.

The new regime will also increase the number (PC sites from around 2,200 to 8,000
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(Environment Information Bulletin, 1998a). 	 Draft regulations implementing the

Directive are expected during 1999 (Fuller, 1998).

A key event of 1997 was the third meeting of the parties to the Convention on Climate

Change in Kyoto, Japan on 1-10 December. This Iedto agreement for developed

countries to cut emissions of six main greenhouse gases by 5.2% between 2008 and

2012. The EU agreed their position in March 1997, aiming for reductions of 15% for

developed countries and at least 7.5 for developing countries by 2010. Prior to the

meeting the UK Government committed itself to a cut of 20% in CO 2 emissions by

2010 compared with 1990 levels (Environment Information Bulletin, 1998a).

Future changes to legislation can be predicted by reviewing areas targeted within

national and EC policy. The Dobris Assessment: The European Environment

Agency's State of the Environment Report identifies 56 key environmental issues for

Europe. Britain's environmental policy is documented in the Sustainable Development:

The UK Strategy, published in response to the Rio Earth Summit (Department of the

Environment, 1994). Future environmental policies and commitments are determined

through annual reports to This Common Inheritance: Britain's Environmental Strategy

(Department of the Environment, 1990). Recent UK developments include the

publication of Indicators for Sustainable Development for the UK which identify

mechanisms for measuring progress towards sustainable development (Department of

the Environment, 1996a). In 1998 the Government published Opportunities for

Change, Consultation Paper on a Revised UK Strategy for Sustainable Development

(DETR, 1998) and a number of associated documents, one of which is specifically

related to opportunities and challenges for business (DETR, 1998b). This details a

number of areas where the Government will be seeking to encourage improvements in

industry's environmental performance and summarises their preferred route to ensure

this is achieved (Table 10.22).
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Table 10. 21: Key legislative and other developments in 1997 (Environment
In formation Bulletin, 19981.,)

Acidification	 • EC Adoption of a strategy on acidification

Air Pollution	 • UK strategy on SO2 reductions

• EC agreement on Directives to reduce vehicle pollution

• EC proposals to introduce tighter air quality standards

Climate Change	 • UK commitment to cut CO2 emissions by 20% by 2010
compared with 1990 levels

• International agreement requiring cuts in greenhouse gases
of 5.2% between 2008 and 2012 in developed countries

• EC strategy aiming at reduction of methane emissions 30%
in 2005 and 40%

Chemicals	 • UK action plan for phasing-out and destroying
polychlorinated biphenyls

• Ongoing Greenpeace anti-PVC campaign

Contaminated Land	 • Contaminated land regime delayed until 1998

Domestic Legislation	 • New regulations to clarify legislation on water discharge
consents

• New regulations on recycling and recovering packaging

• New regulations introducing statutory quality standards for 13
substances in water

• Update of waste management legislation to take account of
the landfill tax.

Enforcement	 • 500 prosecutions by the Environment Agency

• 6 jail sentences of 1-18 months for environmental offences

Environmental	 • Amended EC Directive requiring 14 new categories of
Assessments	 projects requiring environmental impact assessment

IPC	 • Consultation document on the implementation of EC
Directive on Integrated Pollution Prevention Control

Landf iii	 • EC Commission adopts a proposal for a Directive to control
waste to landfill

•	 Landfill tax raises £343 million in first year

Major Accident Hazards 	 • Seveso II Directive adopted by the EU at the end of 1996,
regulations to implement the directive are expected in 1998

Noise	 • EC Green paper focuses on reducing noise from traffic

Ozone Depletion	 • Agreement to phase-out methyl bromide by 2015

Renewable Energy	 • EC White Paper aims to increase renewables' share of EU
energy market from 6% to 12% by 2010

• EC strategy aims to double market penetration of combined
heat and power to 18% by 2010

Transport	 • Draft UK strategy on an integrated transport system

• Road Traffic Reduction Act 1997 requires local authorities to
set targets for reducing traffic

Waste Management 	 • EC waste strategy adopted based on the concept of producer
___________________________ 	 responsibility

Water	 • Labour Government water summit in London
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Table 10. 22: Areas targeted by the Government in their consultation paper on
sustainable development and business in the UK (DETR, 1998b)

• Increased voluntary agreements between industry and government. This is
expected for energy efficiency by the end of 1999.

• Increased design, manufacture and marketing of products which have lower
environmental effects.

• Market transformation by removing poor performing products from the market
place, possibly through the use of legislation.

• Increased eco-efficiency to achieve more from less resources.

• Increased status of the "Green Claims Code" and review of the legal framework for
dealing with false environmental claims.

• Focus on producer responsibility initiatives for waste streams with the potential for
increased recycling and recovery including electrical and electronic equipment,
lead-acid batteries, end-of-life vehicles, newspapers and tyres.

• Increased business involvement in local regeneration and the elimination of
poverty. Empowerment of employees to create a better working environment.

• Increased communication between business and stakeholders, including local
communities, to ensure business becomes better at spotting key contentious
issues.

• To encourage all large businesses to have a publicly declared environmental policy
and report to stakeholders on their performance including the environmental
impacts of products and services.

• Promotion of existing guidelines for environmental reporting including those
published by the ACBE, UNEP's Engaging Stakeholders Programme and the
ACCA.

• Increased use of performance indicators, targets and benchmarking against
different comparitors including company's own year-on-year performance, legal
standards and other companies' performance.

• Innovation in cleaner technology to allow UK businesses to change their products
and processes to minimise their burdens on the environment through the
promotion of life-cycle analysis and other related techniques.

• Maximise the potential of existing awareness programmes including the
Environmental and Energy Efficiency Best Practice Programme.

• Expand the Making a Corporate Commitment Campaign beyond energy efficiency
to embrace sustainable development and EMS principles.

• Encouragement of business to develop green commuter plans and to set voluntary
targets for reducing single car commuting.

• Encouragement of business to adopt systematic approaches to environmental
management including ISO 14001 and EMAS.
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Decision Making Criteria 4: Local Community Relationships

A company's location and relationships with local residents need to be considered

when determining an environmental strategy. Those having attracted concern from

local residents in the past, perhaps even complaints, are more likely to benefit from the

improved image associated with EMS certification than those interacting less with the

public. The adoption of EMAS, in particular, will assist in alleviating their concerns

through the publication of the externally verified environmental statement.

Decision Making Criteria 5: Pressure from Financial Institutions

The degree of pressure on a company to adopt an EMS from financial institutions will

influence the extent to which they will benefit from certification. Larger organisations,

especially those associated with adverse environmental effects, are likely to find it

increasingly difficult to obtain insurance or access to investment unless they can

demonstrate they are environmentally responsible (Chapter 8). The existence of a

certified system, especially EMAS, demonstrates the existence of strong

environmental systems and helps to alleviate their concerns. Insurance companies, in

particular, will be far more rigourous about checking the environmental credentials of

their customers following the publication in September 1998 of recommendations on

the underwriting of sudden and accidental pollution by the Joint Pollution Working

Group (Environment Information Bulletin, 1998f).

Decision Making Criteria 6: Public Opinion

The nature of public opinion concerning the industrial sector in which an organisation

operates needs to be considered in the decision making process. Those operating

activities associated with a negative public image are more likely to see the value of an

external endorsement of their environmental management. This includes those

involved in chemical manufacture; the nuclear industry or those manufacturing timber

related products such as paper or furniture. Market surveys assist in gauging public

and consumer environmental awareness. The survey reported by the Harris Research

Centre in March 1995 found 80% of respondents to be concerned about the

environment of which 23% were very concerned (Blaza, et al., 1997). Trends in

consumer practices were investigated by the MORI Business and the Environment

survey conducted in August 1 995. 	 They found environmental considerations
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substantially impacted on consumer's purchasing practices. 49% of respondents

bought products in recycled packaging and 53% bought products made from recycled

materials (Blaza, et al.,1 997).

10.4.5 The Decision

The final decision regarding whether to adopt an EMS and seek external certification

requires consideration of all six decision making criteria. Decisions should not be

based purely on the estimated payback period which does not include the additional

benefits of improved competitive advantage, legal compliance, public relations and

employee motivation.

A simple scoring system can assist companies in their decision making process (Table

10.23). Those with a high score in several categories are likely to significantly benefit

from EMAS or ISO 14001 (Table 10.24). EMAS is particularly beneficial for those

organisations seeking to improve their image with stakeholders. Companies with high

scores in one criteria, who do not consider the costs of adopting a full EMS can be

justified, have the option to adopt a staged implementation approach focusing initially

on their specific needs (Table 10.25). Once their immediate problems or opportunities

have been addressed it may become feasible to implement full systems at a later date.

Careful consideration of these criteria is as useful during the identification of significant

environmental aspects and in determining the focus of an EMS (Chapter 4).

A high score in criteria 1 indicates substantial scope for cost savings through waste

minimisation and improved efficiency. In many instances these can be realised without

adopting a full certified EMS. Waste minimisation programmes can either be

established in-house or through participation in local or national schemes. Success in

achieving savings can be invaluable in demonstrating the benefits of environmental

management and encouraging adoption of full certified systems.

A high score in criteria 2 indicates an urgent need to ensure customers' requirements

are met. This may not necessarily require certification as in some cases

demonstration of a policy and legal compliance is sufficient. However, companies

within this category would be well advised to consider adopting a recognised EMS as it

365



provides an easy answer to customers' enquiries and ensures a continued place on

approved supplier lists.

Table 10. 23: Deciding whether to adopt a recognised EMS standard

Decision Making Criteria 	 Score

1 Financial Savings

a) payback less than 18 months predicted 	 5

b) payback between 18 and 30 months predicted 	 3

c)payback over 30 months predicted	 1

2 Markets

a) customers include "environmental leaders" 	 5

b) customers located in countries or sectors with high EMS uptake 	 3

- c)neithera)orb)	 1

3 Extent of Regulation

a) activities tightly regulated and likely to increase 	 5

b) some legislation applies but likely to increase	 3

- c) minimal existing legislation and not likely to significantly increase 	 1

4 Local Community Relationships

a) activities having previously attracted complaints 	 5

b) site adjacent to local residents but no previous complaints 	 3

- c)site not located adjacent to local residents 	 1

5 Pressure from Financial Institutions

a) high impact activity I currently seeking investment funding	 5

b) medium impact activity / may need to seek investment funding 	 3

- c) neither a) or b)	 1

6 Public Opinion

a) activities associated with negative public opinion	 5

b) activities may result in future negative public opinion 	 3

c) activities unlikely to result in negative public opinion	 1

TOTAL SCORE

Table 10. 24: Determining an environmental strategy

Score	 Recommended Approach

Scores of "5" in the several categories 	 EMAS / ISO 14001

Scores of "5" in one category 	 In-house system / ISO 14001

Scores of "1"in the majority of categories	 In-house systems for compliance
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Table 10. 25: Bespoke systems addressing company's needs

Score	 Recommended Approach

High score in criteria 1 	 Waste minimisation programmes

High score in criteria 2	 Systems to address customers' requirements

High score in criteria 3	 Risk assessment and improved legal compliance

High score in criteria 4	 Local community initiatives

High score in criteria 5 	 Risk assessment and improved legal compliance

High score in criteria 6	 Publication of environmental reports

A high score in criteria 3 or 5 indicates the need to ensure adequate systems and

controls are in place to guarantee legal compliance. The initial focus should be on the

use of risk assessment to identify areas of non-compliance and the implementation of

improvements where necessary. Improvements may also be required to ensure the

continual review and identification of new or amended legislation and its

implementation. Only when full compliance is achieved is it feasible to progress to a

further developed system.

A high score in criteria 4 indicates that significant improvements in public image are

feasible through addressing the needs of local residents. This requires the

establishment of reliable procedures for recording and responding to environmental

complaints and enquiries. Such companies would also be well advised to establish

resident liaison groups and become involved in local community improvement

programmes. The publication of regular newsletters or reports may also be beneficial

in improving public image.

A high score in criteria 6 calls for initiatives to improve the general public's opinions

regarding the company's activities. In this case, addressing the area of the business

causing concern would be most beneficial. It could include the publication of regular

reports on progress and involvement in local and national awareness programmes

through organisations such as trade associations.
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10.5. BEYOND CERTIFICATION

In predicting the ongoing inter-relationships between the costs of EMS maintenance

and the anticipated income it is advantageous to consider previous research in the

field of quality management. The Economic Balance Model or Quality Cost Model, a

general model for predicting how quality costs interrelate, was developed by Juran

(Parker, 1995) (Figure 10.6). It predicts that initially it will be feasible to obtain

dramatic reductions in non-conformance costs through relatively little effort. With time

it will become increasingly harder to reduce costs further and eventually a balance

position results where the costs of improving further will outweigh the potential

benefits.

Curve 1 represents the costs of poor performance, or non-conformance costs, and

Curve 2 the costs of improving quality levels. The model predicts that as quality levels

are improved by greater investment in prevention and appraisal the costs of failure

reduce dramatically thereby reducing total costs. As this continues significant further

investment will produce only modest reductions in failure costs. At the balance point

the cost of securing higher quality would exceed the benefits of improvement.

This model can also be applied to environmental costs. Curve 1 would represent the

cost of poor environmental performance in terms of both internal costs, such as waste

disposal and resource consumption, and external costs, such as fines, complaint

investigations and clean-up costs. Curve 2 would represent the costs of operating the

management system to achieve improved performance (Table 10.1). According to this

model it is possible to dramatically decrease environmental costs during the early

phases of EMS operation. However, with time it will require greater resources to

reduce costs further and beyond a certain point it would no longer be advantageous to

attempt to further improve the company's environmental performance.
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Figure 10. 5: The Quality Cost Mode! (from Musgrove, et a!., 1991)
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Juran's model is still widely accepted but has now been discredited due to the fact that

improvements in quality usually have longer term benefits not included in the

calculations. A modification to the model assumes that prevention and appraisal costs

can be "traded off" as increased investment in prevention calls for less appraisal

(Parker, 1995) (Figure 10.6). Increased investment in prevention will not increase total

costs as appraisal costs will drop. As a result total costs will continue to decrease with

time due to improved quality levels.

According to the revised Quality Cost Model an EMS will continue to be cost effective

as the costs of its operation will be offset by the generation of further savings. This will

require new methods or solutions to lower the static cost curve. This requires a

fundamental shift away from compliance based systems, with their focus on direct

impacts, towards sustainability. Sutton (1997) believes to achieve ecological

sustainability society will have to achieve six goals (Figure 10.7). He suggests the use

of inspirational stretch goals to inspire both a steady stream of incremental

improvement and break though innovations (Figure 10.8).
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Figure 10. 6: Modified Quality Cost Model (from Parker, 1995)
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Figure 10. 7: Actions required to achieve ecological sustainabiity (from Sutton,
1997)

• Reduce CO2 emissions globally by at least 60% of the 1998 levels

• Prevent the accumulation of toxic and artificial substances in the natural
environment

• Ensure that the chemical and physical composition of the atmosphere and of
water stays within natural levels

• Ensure that there is virtually no further destruction of natural environments
globally

• Restore natural habitats to the extent needed to safeguard threatened
species

Adopt a closed-cycle economy in which virtually all wastes are recycled
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Figure 10. 8: Inspirational stretch goals for sustainability seeking firms (Sutton,
1997)

• A zero-extinction economy and society

• A zero-climate-damage economy and society

• A zero-soil-degradation economy and society

• A zero-damage-to-natural-ecocycles economy and society

• A closed-cycle economy and society (based on 100% recycling)

• A dematerialised economy and society (reducing resource consumption)

• A renewed-resource economy and society

• A sustainable-population society and economy

• A win-win economic and society that can achieve the above objectives with a
major trade-off with income, employment and social justice objectives.

This approach has been adopted by Du Pont, who have a 190 year history of pursuing

a zero accidents policy. Their accident rate is now less than one thirtieth of the

average for the US industry and one tenth the average for comparable industries

globally. They are now extending these concepts to the environment and in 1994

established goals of zero waste and emissions (Figure 10.9).

Figure 10. 9: The Dupont Commitment to Safety, Health and the Environment

• Highest Standards of Performance; Business Excellence

• Goal of Zero Injuries, Illness and Incidents

• Goal of Zero Waste and Emissions

• Conservation of Energy and Natural Resources; Habitat Enhancement

• Management and Employee Commitment; Accountability

• Open and Public Discussion; Influence on Public Policy
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The move towards a sustainable enterprise requires focusing on meeting the needs of

all its stakeholders, including customers; shareholders; banks; insurers; employees;

suppliers; regulators; media; environmental groups and local communities (Welford, et

aL, 1998a). One of the keys to success will lie in establishing their confidence in the

management to address the environment in a positive, strategic way, seeking to

minimise or preferably eliminate negative impacts. Forward thinking corporates, such

as Shell UK and IBM, are embracing these concepts by undertaking extensive

consultation exercises with their stakeholders.

A key difference between ISO 14001 and sustainable development is that the first is

typically short-term, tactical and problem solving whereas the latter is long-term,

strategic and holistic (Sheldon, 1996). Callens, et al., (1998) suggest the move

towards sustainable development should focus on the elimination of factors of

unsustainability, including short-termism and non-systematic views which give priority

to one component instead of considering the full environmental situation. This requires

a change in culture from a company's private interest towards sustainability thinking

and value to society. The sustainable seeking company is motivated by both private

interest and society's needs and focus on the creation of new products and

programmes as a means of improving society's environmental performance. A

sustainable direction is required to all activities, including purchasing, and the

organisation's sustainability performance must be measured against their

stakeholder's expectations (Welford, et al., 1998a). Critical to this process is the move

towards eco-efficiency which the World Business Council for Sustainable Development

describes as the delivery of competitively priced goods and services that satisfy human

needs and bring quality of life while progressively reducing ecological impacts and

resource intensity (Institute of Environmental Management, 1 998).

Spencer-Cooke (1997) introduces the idea of sustainability management and audit

systems (SMAS) to address those aspects of corporate performance not covered by

the current EMS standards. Such systems are lifecycle-based, sustainability-driven

and focused on environmental and social impacts rather than systems. In addition to

addressing eco-efficiency, which is partially addressed in the EMS standards, SMAS

will look to address eco-justice. Their aim will be to achieve a more equitable system

of access to the world's resources and the wealth they produce through trade and
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industry, for all the world's people (Evans, 1998). The extension of EMSs to

incorporate such broader issues is, at present, limited to a few often specialised

companies including B & 0, The Body Shop and Traidcraft.

In the mid 1990's the Swedish oncologist, Karl-Henrik Robert, made a substantial

contribution to the concept of sustainable development. His concept, the Natural Step,

is based on thermodynamics and cell biology. The framework defines sustainable

development in terms of four system conditions (Figure 10.10). Eco-efficiency and

eco-justice are both incorporated in the fourth condition which aims to meet everyone's

needs through the equitable distribution of resources.

Figure 10. 10: The Natural Step (from Brady, et a!., 1998)

1. Substances from the earth's crust must not systematically increase in nature

2. Substances produced by society must not systematically increase in nature

3. The productivity and diversity of nature must not be systematically
deteriorated

4. We must be efficient enough to meet basic human needs everywhere

Welford, et al., (1 998a) advocates a model for achieving sustainable consumption and

production based on six key areas (Figure 10.11). This encompasses the work and

frameworks developed by many different people and brings together issues and tools

commonly associated with sustainable development. His approach places substantial

emphasis on social and ethical issues which are considered to be essential to achieve

true sustainabitity. The business is expected to have a policy in each of the six areas,

to operationalise that policy using the tools suggested and to regularly report externally

on their progress. Environmental management systems play an important role in this

framework by assisting in the achievement of ecological sustainability. They can not

themselves be expected to transform the business into a sustainable company but

must form part of a much broader integrated strategy encompassing ecological,

economic and social sustainability.
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Table 10. 26: Policy areas and tools for sustainable development (Welford, et al.,
1998a)

Policy area	 Indicative tools

Environment	 life cycle assessment

environmental management system and audits

functionality assessment

Empowerment

Economics

Ethics

resource management

team building

participation

equal opportunities

declaration of rights

profits I surplus

employment

quality

long-term financial stability and investment

transparency of objectives

openness to concerns

honesty

values statement

Equity	 fair trade policy and activity

end-price auditing

development aid

sponsorship

Education	 training

customer information

community involvement

campaigning

The Brundtland Report acknowledges that to achieve sustainability environmental

considerations need to be integrated into policy and plan formulation. Companies

work within a framework set by corporate wide policies, national government policy

and local authority policies and plans. They can not be expected to deliver sustainable

development, which must be an overall goal of society, Individual companies

attempting to achieve sustainability will be limited by economic considerations unless

they work within an adequate infrastructure where environmental costs have been fully
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considered in pricing policies (Evans, 1998). Ecological dimensions of policy need to

be considered at the same time as the economic, trade, energy, agricultural, industrial

and other dimensions (World Commission on Environment and Development, 1987).

This calls for the more widespread use of strategic environmental assessment (SEA) in

the development of environmental policies and plans. This is a systematic process for

evaluating environmental consequences of proposed initiatives to ensure they are fully

included and appropriately addressed at the earliest stage of decision making along

with economic and social considerations (Sadler, 1998).

10.6. SUMMARY

It is essential that organisations operating EMSs establish effective accounting

systems to measure the ongoing value of their system. Few companies routinely

develop environmental accounts although there are simple mechanisms for comparing

the costs of environmental improvements with the resulting benefits. In developing

such accounts it is important that those costs and savings not easily quantified,

including competitive advantage, reduced liabilities and improved public image are also

reported. The quantification of such issues in financial terms is extremely rare and

limited to a few leading companies in the USA.

Companies considering adopting an EMS standard should carefully consider their

position and apply a formal decision making process. This requires an estimation of

the likely costs and benefits through the consideration of a number of criteria. These

include the feasibility and scale of potential cost savings; the degree of relevant

legislation; the markets in which the company operates; their relationships with local

residents; the extent of pressure from financial institutions and the general public's

opinion. During the process it is also necessary to predict future circumstances in

terms of resource costs and the likely impacts of developments in the legal framework.

Many benefits can be achieved without implementing a full system certified to the

requirements of an EMS standard. It is recommended that the individual needs are

carefully considered and initial eftorts focused on addressing the major risks and

opportunities. Adopting a recognised standard, however, provides a ready made
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framework and certification provides externaJ credibility, assurance that the system

works and additional motivation.
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CHAPTER 11

11.0. CONCLUSIONS & RECOMMENDATIONS

11.1. INTRODUCTION

During the early years following the publication of the first internationally recognised

EMS standard in 1994, industrial awareness and uptake of formal environmental

management systems was limited. Few small and medium sized enterprises (SMEs),

adopted the standard due to their perception of high costs and a lack of appreciation of

the potential benefits. Since then both uptake and awareness has continued to

steadily grow, particularly since the publication of the international version, ISO 14001,

in autumn 1996 which catalysed significant interest in the industrial community. By

the end of 1998 over 7,000 certificates had been issued world-wide and uptake was

increasing at a rate of over 300% per annum (ENDS Report 287, 1998). This is set to

continue in parallel with the increasing industrial environmental awareness seen

throughout the 1 990s (ETBPP, 1999).

11.2. SUMMARY OF FINDINGS

Uptake of the EMS standards is being driven by industry's desire to achieve a

competitive advantage and legislative compliance. Legislation is a particularly

effective driver for industrial sectors tightly regulated under Integrated Pollution Control

(IPC). These organisations are also more likely to seek registration to the more

stringent EC Eco-management and Audit Scheme (EMAS). In comparison, SMEs who

are typically less tightly regulated, are mainly motivated by the desire to achieve a

competitive advantage. Their motivation arises from pressure exerted by customers

and the desire to achieve an advantage over their competitors. Such organisations

seldom see any additional benefit from becoming registered to EMAS unless this is

specifically required by their customers.

A key development of the 1990s is the dramatic increase in supply chain pressure for

environmental improvement. This has arisen largely from corporate organisations,

often the first to become certified to an EMS standard, using environmental probity in
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determining their choice of supplier. An increasing number are asking their suppliers

to become EMS certified and many provide practical assistance to them by hosting

seminars or undertaking individual site visits and audits. Supply chain pressure is

particularly significant within the electronics and car manufacturing sectors but is

expected to grow throughout industry with increased international uptake of the

standards. In the future it is likely that EMS certification will become a prerequisite to

supply the larger corporate organisations.

11.2.1 Implications for Industrial Environmental Management Practices

The EMS standards are based on similar management principles and share many of

the requirements of the ISO 9000 quality standards. Each requires an environmental

policy and a documented system of procedures, manuals and records (Chapter 4).

Significant environmental impacts must be identified and managed by the EMS either

through operational controls or the adoption of objectives and targets for improvement.

Compliance with the system is checked through record keeping, audits and

management reviews. EMAS is more stringent, also requiring an externally verified

environmental statement reporting on performance against pre-determined objectives

and targets.

Adopting an EMS standard has the most significant impact within those organisations

with limited existing environmental management. Larger companies, especially those

regulated under Integrated Pollution Control, already operate many EMS elements

(Chapter 6). These frequently include an environmental policy, employee training,

environmental monitoring systems, improvement projects and systems to ensure legal

compliance. The main impact in such organisations is the requirement to formalise

management practices. This includes the documentation of registers of regulations

and environmental impacts, the setting of objectives and targets and the development

of a documented system of procedures.

An area of the standards having particular impact, and one causing considerable

concern within implementing organisations is the requirement to identify significant

environmental effects or aspects. Third party certification bodies require evidence that

all issues have been considered and their relative importance compared through a
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consistent approach. This requires a rigorous approach to decision making, based on

a full understanding of the environmental situation. The wide scope of the

assessment, requiring direct and indirect impacts, resulting from past, present and

future activities, products and services is broadening the range of environmental

issues being addressed by industry. In addition to direct pollution it is also necessary

to consider less tangible impacts such as those resulting from supplier's activities, use

of raw materials, impacts on local communities and the final use and disposal of

products.

Techniques being adopted by certified companies to compare the relative significance

of these issues range from complex scoring systems to simple verbal descriptions

(Chapter 4). Industrial experience with these techniques indicate that there is little

added value from adopting complex numerical scoring methodologies. These are

frequently time consuming and difficult to apply to the wide range of potential direct

and indirect environmental impacts resulting from an organisation (Chapter 5).

The EMS standards are having a substantial impact on the workforce's environmental

awareness. All staff must be continually trained on the environmental impacts of their

activities, the benefits of improved environmental performance and the consequences

of departure from specified operating procedures. It is no longer adequate for

knowledge of environmental law and best practice to be limited to a single individual

but must be appreciated throughout the organisation. This is encouraging all

individuals to participate in the process of continual environmental improvement and to

contribute towards the achievement of the company environmental policy.

It is inevitable that the introduction of a formal recognised standard will increase

documentation. However, this is rarely perceived to be a disadvantage by those

operating the systems (Chapter 7). In contrast documented procedures prove to be

useful in ensuring that staff are aware of their responsibilities, particularly during

periods of absence or turnover. Managers have more time as a result of the records

and instructions facilitating the delegation of tasks throughout the organisation.

The EMS standards are having a considerable impact on the alliance between

environmental management and other management disciplines. Their similarities with
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the ISO 9000 quality standards mean that in many cases the quality manager is

assigned responsibility for the environment. This is having a dramatic impact on the

extent of integration between management systems. At the least, certified

organisations are adopting similar systems to those previously established for

employee training, document control, non-conformances and auditing. Some

companies are developing fully integrated systems with combined policies,

management manuals, procedures and in some cases combined audits and

management review meetings. This is raising the profile of environmental

management to that of quality assurance and is helping to integrate it fully within the

business.

11.2.2 ImplIcations for Industrial Environmental Performance

A key objective of the EMS standards is to encourage voluntary and continual

environmental improvement. This investigation shows their effectiveness in

encouraging industry to voluntarily minimise their environmental impacts. Certified

companies are demonstrating considerable improvements outside of the scope of

legislation typically in waste minimisaton and energy efficiency, increased recycling

and greater environmental control through improved storage of chemicals and safer

drainage systems.

Although the standards are successful in encouraging voluntary environmental

improvement they do not attempt to specify acceptable performance criteria beyond

legal compliance and continual improvement. This means that the level of

improvement sought varies greatly between certified companies (Chapter 5 and 7).

Some publish annual objectives supported by detailed quantified performance targets.

Others establish only a few objectives over several years, without quantified targets.

The most demanding and detailed are usually set by EMAS registered companies,

which are required to report publicly on their progress. This accountability to

stakeholders is set to increase with the expected incorporation of external

environmental reporting into ISO 14001 at its next revision due before the end of 2000

(ENDS Report 289, 1999).
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Whilst certified companies are demonstrating significant improvements this rarely

applies to all areas of their activities. It cannot be assumed that certified companies

will follow a linear approach towards environmental excellence. The extent of further

improvement will vary over time, depending on the degree of external pressure on the

organisation. The lack of standardised performance indicators makes comparisons

between certified companies difficult especially between those which do not publish

their progress against objectives and targets. This will be partially addressed by the

publication of ISO 14031 "Guidelines for environmental performance evaluation" but

demonstrates the need for sector specific benchmarking standards across a range of

environmental issues.

Although the EMS standards require the consideration of indirect impacts, such as

those associated with raw material manufacture and design and use of products, these

broader issues are rarely translated into objectives and targets for improvement. In

particular few certified companies, even those registered to EMAS, are incorporating

the broader principles of sustainable development in their policies or objectives.

11.2.3 Implications for Industrial Legal Compliance

In addition to encouraging voluntary environmental improvement, in areas such as

waste minimisation and energy efficiency, the EMS standards are improving industry's

compliance with the law. Certified companies are experiencing substantially improved

understanding of legislation, regulatory compliance and reduced environmental

incidents. They have found maintaining a register of regulations ensures awareness of

current and changing legal requirements (Chapter 8). The assessment of

environmental impacts identifies areas of concern and the documentation of

procedures, outlining the law, improves compliance. Environmental incidents in

certified companies are being reduced through improved control and contingency

plans.

Whilst an EMS minimises risks it can not guarantee that accidents will not occur. This

is particularly true on sites handling large volumes of chemicals and operating older

manufacturing equipment. By the end of 1998 only two ISO 14001 certified companies

in the UK, from over 700, had been prosecuted for environment related incidents
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(Chapter 8). Although certification does not prevent accidents, or prosecution, it is

proving to be a beneficial mitigating factor leading to substantially reduced fines. In

the future it is likely to become increasingly difficult to mount a defence without being

able to demonstrate the existence of a strong environmental management system.

It is expected that companies with a certified EMS will be less tightly regulated in the

future. This will be particularly relevant for those regulated under Integrated Pollution

Control as the Environment Agency is currently investigating methodologies for

reducing inspection of such sites. This would give tightly regulated industries, such as

chemical sector, an added incentive to implement an EMS and achieve certification.

By demonstrating that self-regulation is effective, the widespread adoption of the

standards would give industry a stronger position to oppose tighter regulation. Their

success in encouraging voluntary improvement would help convince regulators that

further legislation is not necessary. However, before regulators are likely to be

sufficiently reassured to introduce such schemes there would need to be wider EMS

uptake and a demonstration from the assessors of their ability to identify and address

potential legal problems and ensure ongoing continual improvement.

11.2.4 Implications for Business Performance

Although external factors, such as legislation and competitive advantage, are the most

effective drivers for EMS uptake certified companies are reporting the internal benefits

of improvements in process efficiency and employee motivation to be most significant

(Chapter 8). The majority, including those of various sizes and industrial sectors, are

experiencing some financial savings, averaging £170,000 per annum in larger

organisations and £60,000 in SMEs. These are typically being achieved through

improved waste management and energy efficiency.

Financial savings are most feasible in companies which have not previously

considered energy and waste audits to minimise high resource and waste disposal

costs. The minority not experiencing cost savings from their EMS either have low

environmental costs, with limited opportunities for improvement, or have previously

implemented substantial resource reviews. In some cases certified companies have
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not yet reached the stage of implementing improvements and are still collating data

and investigating the feasibility of various options.

It is expected that traditional improvements in efficiency will become harder to achieve

as the company's environmental performance improves. The simplest and most cost

effective improvements are likely to be implemented in the early years following

certification. However, technology developments and increased disposal and resource

costs will mean further savings are possible with ongoing reviews of changing

circumstances, taxation, legislation and the feasibility of capital investment

programmes.

The EMS standards have provided industry with a recognised mechanism by which to

promote their environmental commitment to stakeholders. Many certified companies,

especially those supplying environmental leaders or exporting to countries with high

EMS uptake, such as Germany or the Far East, are experiencing significant

improvements in their market position (Chapter 8). Certification is allowing them to

secure contracts with corporate companies with high environmental standards. This is

particularly beneficial for SMEs seeking to supply larger companies. The standards

are also encouraging the more strategically thinking companies to develop less

environmentally damaging products and services and to work more closely with

customers to ensure their requirements are met.

EMS certification has provided industry with the ability to externally demonstrate

environmental commitment to the general public. This is helping to alleviate their

concerns and promote the business within the local community. Many certified

companies have become involved in local community groups including the scouts,

schools, colleges and environmental organisations such as the Groundwork Trust.

Involvement in such projects has the added value of substantially improving employee

pride and motivation.

Insurers, banks and investment companies are increasingly recognising the potential

of the EMS standards as tools to assess environmental risk within their clients. Many

are currently developing and piloting tools for assessing environmental liabilities, which

consider the adequacy of management systems. Those with a certified EMS are more

383



likely to achieve a high score and benefit from easier access to insurance, capital and

investment (Chapter 8). It is expected that this will increase in the future with the

further use of risk assessment by financial organisations.

11.2.5 Implications on Resources Committed to the Environment

The EMS standards are substantially increasing the resources being committed to

environmental management by industry. Companies adopting the standards are

assigning large percentages of senior manager's time to their development and

ongoing operation. The environment is frequently being assigned comparable

resources to the more traditional disciplines of quality management and health and

safety.

The most significant resource requirement is the staff time required to implement a

system prior to certification (Chapter 10). This depends on many factors including the

company's starting position, the complexity of their operations and their choice of

project champion. In the majority of cases companies use current employees to

implement the system rather than recruiting new staff (Chapter 10). External

consultants are frequently employed particularly during the initial stages of

implementation. Indirect costs associated with an EMS include third party registration

fees of several thousand pounds plus ongoing surveillance costs paid to assessment

bodies. Capital expenditure is frequently incurred to ensure legal compliance and

cannot be directly attributable to the EMS. Costs associated with EMAS, over ISO

14001, relate principally to the management time required to develop the public

environmental statement and the validation fees paid to external verifiers. This varies

according to the complexity of the company and the availability of environmental

performance data. Following certification, the annual costs required to operate an

EMS are reduced to half those incurred during the implementation period.

Few certified companies operate routine accounting systems for monitoring

environmental income and expenditure. Those which publish quantified environmental

accounts tend to be leaders in the field, typically based in North America or Canada.

Even these do not attempt to quantify externalities or legal liability costs. In the few

cases where sufficient data are available to compare EMS costs and benefits savings

384



typically outweigh the system implementation and maintenance costs and payback

periods on implementation are frequently less than two years (Chapter 10).

11.3. CONCLUSIONS

The 1990s have seen many significant developments in industrial environmental

management. In parallel with the introduction of substantially tighter legislation and

tougher enforcement there has been a growing realisation within industry of the need

to address stakeholders' requirements and the business opportunities presented by

the environment. Increasingly environmental management is perceived not only to be

about compliance and pollution prevention but as key to business success. Industry is

acknowledging the environment as a competitive issue essential for meeting

stakeholder's expectations, in particular those of their customers, and staying ahead

the competition.

The EMS standards have acted as a catalyst in this process by providing industry with

a systematic and recognised approach to environmental management. Initially they

appealed to larger organisations, many of which have operated informal systems since

the 1980s, as tools for consolidating their management activities. Certification

appealed by providing a mechanism by which their efforts could be externally

approved and promoted.

The more strategic thinking corporate organisations are realising that sound

environmental performance cannot be achieved without considering their suppliers

activities. The standards have reinforced this by requiring indirect impacts, including

the consequences of purchasing decisions, to be addressed. In addition the

availability of external certification has provided customers with a recognised standard

against which to assess their suppliers. This has led to the standards being

encouraged by customers and has contributed substantially to the increase in supply

chain pressure. This has further substantiated industry's realisation of the competitive

advantage which can be achieved through certification. In particular, the standards

have been instrumental in encouraging companies without extensive environmental

impacts or regulatory oversight, who would not previously have considered it to be a

priority, to address the environment. These developments have resulted in a situation
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where environmental improvement is being driven by industry internally rather than

solely by the external influence of pressure groups and public opinion.

The uptake of the EMS standards is resulting in some significant developments in the

industrial approach to environmental management. Traditionally, environmental

management has focused on a limited number of largely unrelated issues, such as

effluent and air pollution. The EMS standards are encouraging industry to consider

the full environmental situation. They require a holistic and dynamic approach

considering all impacts, with individual EMS components closely inter-related and

dependent upon each other. This holistic approach is encouraging companies to

adopt a more strategic outlook towards environmental management by considering

indirect impacts and issues of future importance. These include the broader issues of

choice of raw materials and design of products.

The value of an environmental management system is not inherent within the imposed

documentation and management processes but rather in the vision and expectations

of the company. The standards provide a management tool to enable the company to

achieve its individual goals and aspirations. Implementation is an investment

equipping a company with the necessary mechanisms to meet existing and future

environmental pressures. Whilst the cost of this investment can be substantial,

especially for smaller organisations, an EMS presents many opportunities. It cannot

be adequately valued in terms of traditional investment appraisal techniques alone. Its

true value is substantially greater than the immediate cost savings achieved through

traditional improvements in energy efficiency and waste minimisation. Whilst shorter

payback periods are more likely in certain organisations this should not deter others

from addressing and controlling their environmental impacts. In the future the ability to

demonstrate good environmental performance will be essential in meeting

stakeholder's expectations.

386



11.4. RECOMMENDATIONS

11.4.1 Decision Making

Whilst there are substantial benefits to be achieved from adopting an internationally

recognised EMS standard the resource implications are also significant (Chapters 8

and 9). It is therefore essential to ensure that this is the most appropriate decision for

the organisation concerned. Those considering EMS implementation and external

certification are recommended to apply a formal decision making process. Likely

implications should be estimated by considering the feasibility and scale of potential

cost savings; the impact of current and future legislation; the markets in which the

company operates; their relationships with local residents and the extent of pressure

from stakeholders (Chapter 10). The decision to adopt an EMS should not be made

on financial criteria alone but also needs to consider the broader implications on

competitive position, employee motivation and public image. A change in culture is

required within industry where environmental improvements are not subjected purely to

traditional cost benefit analysis. Companies need to create longer term visions for

their future incorporating all their impacts on society.

Many of the benefits of an EMS can be achieved without implementing full certified

systems. The alternatives should therefore be considered during the decision making

process. Individual company needs must be clearly identified and initial efforts

focused on addressing the major risks and opportunities. Larger companies frequently

develop their own in-house systems which are often as effective in ensuring legislative

compliance and financial cost savings. For SMEs a full system can be unjustified

unless there is significant opportunities for improving competitive position. An

environmental policy and action plan for achieving compliance and cost savings is a

beneficial first stage. The standards, however, provide a framework to assist in EMS

implementation and can be useful in identifying the weaknesses of an in-house

system. They ensure that environmental decisions are based on an assessment of the

full environmental situation and that all issues are considered. Certification increases

the profile of the system within the company and provides internal and external

credibility.
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formal environmental training session of at least several hours covering the

environmental aspects of their activities and introducing them to the EMS. Operational

staff have the knowledge and experience of procedures in their particular area of the

organisation and should be encouraged to write their own protocols. Employee

involvement in local landscaping or conservation work, can be beneficial in raising their

commitment and motivation for the environment.

The system should be kept simple and tailored to the working situation. Complex

systems are frequently later simplified, particularly for the effects assessment and

objectives and targets. Simple approaches coupled with several key objectives are

sufficient to meet the requirements of the certification bodies. The EMAS public

environmental statement does not need complex detailed reports though the

organisation may believe that they would be beneficial to their public image.

It is not always necessary to undertake detailed evaluations of supplier's

environmental performance. The relative significance of these impacts compared to

others of organisation needs to be considered during the formal effects assessment.

Only where these are identified as significant is it necessary to control the impact by

encouraging suppliers to improve or by identifying alternatives. Collaborative

approaches to encouraging suppliers enable environmental initiatives to be focused on

the needs of the individual company (Green, etal, 1996). This type of approach is

essential to ensure SMEs are able to meet their larger customers' requirements.

The strengths of existing formal and informal quality and health and safety systems

should be incorporated into the EMS design to reduce resource requirements and

minimise bureaucracy. It is recommended that companies have a clear strategy for

integration from the start of the project decided at senior management or board level.

To ensure ownership of the combined system this needs to include the designation of

clear responsibilities for any shared documents.

In organisations with well developed in-house systems designed to meet the

requirements of legislation it cannot be assumed these meet all the requirements of

the EMS standards. An improvement programme to meet IPC, is likely to focus on

direct pollution and is unlikely to adequately address the softer issues of resource
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consumption, nuisance and indirect impacts.	 This is also true with traditional

environmental risk assessment which typically cover accidental releases but not the

impacts resulting from normal, past and future operating conditions. In these

situations it is recommended that parallel systems are developed to address the

outstanding areas of the standard.

11.4.3 EMS Operation

It is essential that organisations operating EMSs should establish accounting systems

to measure the ongoing value of their system. This will promote environmental

management within the organisation and assist in emphasising its importance to

employees. In developing such accounts those costs and savings not easily quantified

should also be included. These may include meeting customer's requirements,

winning new contracts, reducing liabilities and improving public image. It is also

important for industry to adopt internationally recognised environmental performance

indicators to allow comparisons between organisations and benchmarking between

those within particular industrial sectors.

During the early years of EMS operation the focus should be to minimise costs, meet

customers immediate requirements and ensure legal compliance. Once this has been

achieved a broader approach is required to achieve sustained EMS value. This will

require working towards the ultimate goal of global sustainability incorporating the

needs of society as well as business. To ensure continued competitiveness it is

important to move towards a strategic system by addressing those issues likely to be

of future concern. This may include reviewing product and process design and choice

of raw materials. However, there is a responsibility on larger companies to be

sensitive to the needs of their suppliers and to work with them to improve their

environmental performance.

External assessors play an essential role in ensuring EMS5 are beneficial to industry.

Certifiers must understand the philosophy of the standards and have a responsibility to

focus on ensuring real continual environmental improvement rather than unnecessary

system documentation. The focus of surveillance visits must be to determine

improvements in performance rather than to check on the maintenance of
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documentation and records. Third party certification bodies also have a responsibility

to ensure the cost of certification and the ongoing surveillance are manageable, in

particular for SMEs.

11.4.4 SUMMARY

The EMS standards have had a dramatic impact on the profile of environmental

management within industry. They have catalysed a rapid increase in supply chain

pressure for improvement and contributed towards the growing realisation of the

environment as a competitive issue core to business success. Certified companies

are recognising their value in generating cost savings, competitive advantage,

improved public image and enhanced employee motivation. This has lead to industry

voluntarily seeking to improve its environmental performance beyond the requirements

of legislation. The standards' requirements to address indirect as well as direct

environmental impacts are encouraging the consideration of more strategic issues

such as raw material manufacture and design and use of products. In this way they

have been key in moving environmental management from compliance and pollution

prevention towards a wider agenda. The next challenge is to shape the way in which

environmental management systems are used from end of pipe pollution prevention

and traditional waste minimisation towards a longer term vision and recognition of

overall impact on society.
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CHAPTER 12

12. FUTURE RESEARCH

This research has collated empirical data and developed guidelines, based on

experience surveys and case-studies, to assist those companies contemplating

adopting an EMS to assess the likely costs and benefits to their organisations. The

recent publication of the standards and the low numbers of companies certified during

the early years of the study period necessitated an exploratory and inductive research

design. The first national standard, BS 7750, had just been published in its final

version at the start of the study. Organisations could be certified to the standard six

months later. The international standard, ISO 14001, was published two years later in

1996. There was little information available on the implications of adopting a

recognised EMS standard and the experiences of those few organisations seeking

certification. The research therefore focused on industrial experiences with the

standards from initial commitment, through the implementation period and the early

years after certification. This chapter describes the theory and ideas, developed

throughout the investigation, to be tested by both future quantitative and qualitative

research.

12.1 Future Quantitative Research

Since 1997 there has been a substantial global increase in the number of EMS

certificates. By the end of 1998 world-wide uptake was increasing at a rate of over

300% per annum, with 700 UK certified sites and 7,000 globally (ENDS Report 287,

1998). A survey to compare with the findings of this study, based on a larger sample,

would determine whether the resources required to achieve certification, in terms of

staff time, decrease with industry's increasing understanding of the requirements and

philosophy of the standards. It would also determine whether companies adopting the

standards several years after their publication experience the same benefits as those

becoming certified in their early years. The availability of a larger number of

participants would allow more analysis of organisations from different industrial

sectors, company size and national identity.
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12.2 Future Qualitative Research

This research focused on changes occurring within organisations during the

implementation period and early years after certification. The standards are now more

mature and future qualitative research to evaluate the experiences of organisations

during the years following certification would be useful for testing theories regarding

the evolutionary nature of EMSs, resource requirements, business benefits and

environmental activity.

Of particular Interest is the question of whether certified companies continue to

improve their environmental performance. Certified companies may not necessarily

follow a linear route towards environmental excellence. The majority of effort could be

focused on achieving certification and little further environmental improvement

achieved after certification. The feasibility of achieving year-on-year improvement and

associated financial savings is not being explored. Industry has expressed fears that

traditional savings will become harder to achieve and less dramatic. The extent to

which initial financial savings are sustainable, the proactive steps organisations take to

ensure further cost saving opportunities and the sustainability of other EMS benefits

need categorising to provide possible incentives for companies to adopt environmental

policies.

The extent to which an EMS encourages a more strategic approach towards

environmental management could emerge over several years and allow progress from

legal compliance to the evaluation of a broader range of issues. The incorporation of

product and process design could be augmented with the adoption of the broader

principles of sustainability.

Further research Into the experiences of organisations after certification is

recommended with participating companies identified early in the study to allow their

EMS implications to be monitored over a substantial period. The early development of

standardised questionnaires, in-depth interviews and regular monitoring would create a

system to identify annual savings and expenditure resulting from the operation of an

EMS. This would allow annual expenditure and revenue to be compared each year to

evaluate EMS value.
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APPENDIX 1: EXPERIENCE SURVEY- POSTAL QUESTIONNAIRE

QUESTIONNAIRE ON BS 7750

SECTION A - GENERAL INFORMATION

Company Name:	 Name of Site(s) Certified to BS 7750:

Contact Address: 	 Telephone No:

No of Employees on Certified Site (s):

Contact Name:	 Position:

Brief description of activities:

Do you have any processes scheduled as Part A (regulated by HMIP) or Part B
(regulated by the Local Authority) under the Environmental Protection Act 1990 ? If
yes please specify.

Scope of Certificate:

Date of Certification to BS 7750:

SECTION B - THE BENEFITS OF THE EMS

1	 What aspects of an EMS did your organisation have in place before starting to
implement BS 7750?

2	 What was your main reason for implementing BS 7750 (indicate with a /)

To ensure legislative compliance
To meet pressure from customers
To improve public image
To achieve competitive advantage
To achieve financial savings
Others (please specify)
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APPENDIX 1: EXPERIENCE SURVEY- POSTAL QUESTIONNAIRE

3	 What has been the main benefit of implementing BS 7750?

3	 To what extent do you feel that the implementation of BS 7750 has led to the
following improvements? (5 = substantial improvement, 0 = no improvement).

Improved understanding of legislation	 0 1 2 3 4 5
Increased legislative compliance 	 0 1 2 3 4 5
Improved relationships with regulators	 0 1 2 3 4 5
Improved understanding of environmental impacts 	 0 1 2 3 4 5
Improved relationships with suppliers	 0 1 2 3 4 5
Improved employee environmental awareness	 0 1 2 3 4 5
Improved public image	 0 1 2 3 4 5
Improved integration with health & safety management	 0 1 2 3 4 5
Improved integration with quality management 	 0 1 2 3 4 5

4	 In which of the following areas has BS 7750 led to environmental improvements
(not including improvements required to meet legislation) ?

Reduced Atmospheric Releases	 ( ) Improved Monitoring	 ( )
Reduced Releases to River 	 ( ) Reduced Traffic	 ( )
Reduced Releases to Sewer	 ( ) Reduced Material Usage	 ( )
Reduced Waste Production 	 ( ) Reduced Energy Usage	 ( )
Increased Recycling	 ( ) Reduced Water Usage	 ( )
Reduced Environmental Incidents ( )	 Improved Containment	 ( )

Any specific examples of environmental improvements would be most
appreciated:

5	 Has the implementation of the standard led to financial savings? Yes I No

If yes please describe how these were achieved and if possible estimate the
arising annual savings.

Can you estimate of the total savings resulting from BS 7750 since
implementation?

6	 Has certification led to any improved access to financial funding or reductions in
insurance premiums?

Yes/No
If yes please give details:

395



APPENDIX 1: EXPERIENCE SURVEY- POSTAL QUESTIONNAIRE

7	 Has certification led to a reduction in the number of visits from enforcing
authorities ?	 Yes/No
If yes please give details:

8	 Has certification improved your competitive advantage or allowed you to bid for
previously unavailable tenders?

Yes/No
If yes please give details:

9	 Do you believe certification has improved you public image?
Yes/No

If so inwhatway?

SECTION C - THE COSTS OF THE EMS

10 How long did it take your organisation to achieve certification to the standard?

How many people did you have working on implementing BS 7750?

11	 Can you estimate the man hours spent implementing the standard?

Can you estimate the total cost of implementing the standard (excluding capital
spending on new equipment, process improvements etc) ?

Which area of the standard did you find the most time consuming?

12 Did you have a member of staff responsible for the environment before BS 7750?
Yes/No

Was a new member of staff employed to implement the standard?
Yes / No

If no who was given this responsibility?

13 Have you used external consultants in the development of BS 7750?
Yes/No

If yes are you willing to give details (e.g Company Name and Costs?)

i	 How much environmental training of employees did the standard require?

Was this provided internally?	 Yes / No

Can you estimate the man hours required to provide this training ?
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APPENDIX 1: EXPERIENCE SURVEY- POSTAL QUESTIONNAIRE

15 Did BS 7750 result in any capital spending on environmental protection e.g new
equipment, process changes, bunding etc

Yes / No
If yes please specify:

16 Can you estimate the total man hours spent maintaining the system?

Can you estimate the total cost of maintaining the system?

17 Have you assessed your suppliers environmental performance ?
Yes / No

If yes, has this so far influenced your source of suppliers?
Yes / No

Do you intend to ask your suppliers to become BS 7750 certified?
Yes/No

18 Can you estimate the costs of having the EMS certified?

19 Are there any particular disadvantages of the BS 7750 approach or requirements
you feel are not beneficial?

20 Do you think your organisation would have developed a formal environmental
management system without the publication of BS 7750? 	 Yes / No
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APPENDIX 2.2: SOLVAY INTEROX'S EMS - ENVIRONMENTAL POLICY CHECKLIST

COMMITMENTS	 GUIDING POLICIES COMPANY POLICIES

ci,

0	 a
cc,

.	 ii	 -	 2

	

0	 .	 c	 0

	

N	 ci)	 2	 C

	

ci)	 D	 -	 (I)	 (0

	

-	 Li.	 C	 >

	

-	 < < w	 -	 0 -

> 0	 0	 w	 0 0) cc"

Educate General Public	 *	 *	 *	 x

Support Local Community 	 *	 /

Publish Environmental Reports	 *	 *	 *	 *	 *	 /

Liaise with Local Community	 1'

Provide Info in Open Manner	 *	 *	 /

Cause No Offence to Local Residents 	 /

Improve Staff Info & Training	 *	 *	 *	 *	 *	 *	 *	 *

Ensure Personal Responsibility 	 *	 *	 /

Employ Qualified Personnel	 *	 /

Encourage Supplier Performance	 *	 *	 *	 *	 *	 *	 /

Control Raw Material Sourcing	 X

Encourage Performance of Contractors	 *	 *	 *	 *	 *	 *	 *	 /

Set Equal Standards for Contractors	 *	 *	 *	 *	 X

Product Stewardship	 *	 *	 *	 *	 *	 *	 *	 *	 *	 /

Meet or Exceed Legal Requirements 	 *	 *	 *	 *	 *	 /

Work with Appropriate Authorities	 *	 /

Environmental Management System 	 /

Carry Out Environmental Audits 	 *

Assess, Control & Reduce Impact 	 *	 *	 *	 *	 *	 /
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APPENDIX 2.2: SOLVAY INTEROX'S EMS - ENVIRONMENTAL POLICY CHECKLIST

COMMITMENTS	 GUIDING POLICIES COMPANY POLICIES

a,

C.)

(I)

0

	

0	 0	 D

o	 C))	 .	 -c	 8

	

-	 0

	

-	 Lu	 0	 —	 0	 .!	 -

	o 2 LU 2 a	 o co

Use Effective Controls	 *	 /

Set and Review Objectives 	 *	 /

Carry out Monitoring and Targeting 	 *	 /

Assess & Quantify Progress 	 *	 /

Integrate Environmental Management	 *	 *	 /

Accept Cradle to Grave Responsibility 	 X

Undertake Life-Cycle Analysis	 *	 X

Promote Products use in Env. Protection 	 *	 *	 /

Adopt Safe Technologies	 *	 *	 /

Prevention & Mastering risk of Incidents 	 *	 *	 *

Contingency Procedures For Incidents 	 *	 /

Take Effective Action on Incidents	 *	 *	 *	 *	 *	 /

Energy Conservation	 *	 *	 *	 *	 /

Conserve Non-Renewable Resources	 *	 *	 * *	 *	 X

Conserve Renewable Resources 	 *	 *	 *	 *	
I x

Sustainable Development Commitment 	 *	 *	 *	 *	 X

Cortinuous Improvement Commitment 	 *	 *	 *	 *	 *	 *	 /

Environmental Transport Policy 	 X

Environmental Investments 	 X
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APPENDIX 2.2: SOLVAY INTEROX'S EMS - ENVIRONMENTAL POLICY CHECKLIST

COMMITMENTS	 GUIDING POLICIES COMPANY POLICIES

>
()

C,,

8

	

0	 -	 -	 (9

	

N	 Cl)	 2	 C

	

II)	 0..	 -	 0	 cn	 °
LL.	 C	 >

	

- < < uJ 0	 -	 0 .!	 o
3 0	 w	 (9 (0

Considerations in Decision Making	 *	 *	 *	 X

Aim for "Waste Free" Processes	 *	 *	 X

Treat Waste at Source	 X

Minimise, Reduce or Reuse Wastes	 *	 *	 *	 *	 *	 *	 *

Increase Recycling	 *	 *	 *	 *	 *	 *

Dispose of Waste with Minimal Impact

"Duty of Care" for Waste Disposal	 *	 *	 *	 *	 *	 *	 *

Minimise / Reduce Pollution	 *	 *	 *	 *	 *	 /

Ensure Groundwater Safety 	 *	 /

Minimise Effects of New Processes 	 *	 *	 *	 /

Research Environmentally Sound Processes 	 x

No Undue to Risks to. Employees 	 *	 /

No Undue Risks to Community 	 *	 /

Control & Reduction of Noise	 *	 /

Protection of Communities	 *	 *	 /

Keep Plant Open to Community 	 *

Commitment to Responsible Care	 *	 *	 /

Comm itment to ICC Charter	 *	 X

Manage Real Estate to Ben Nature 	 *	 *	 X
___
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APPENDIX 2.2: SOLVAY INTEROX'S EMS - ENVIRONMENTAL POLICY CHECKLIST

COMMITMENTS	 GUIDING POLICIES COMPANY POLICIES

>
(U

	

C)	 a
.

C.)	 c

	

a	 O	 .	 -	 2'-	 .	 -	 -	 C.)	 0CL	 w	 CL	 cu	 -	 c
N	 II)	 .0	 (U
II)	 -	 Q	 (1)	 U)	 0	 CU

0	 LL	
)(

— < < Ui	 —	 0 .!	 0

2 w 2 a	 0 u

Protect Eco-habitats	 *	 *	 *	 x

Tackle Conservation Problems 	 *	 x

Company Group Policy

418



Cl)

Cl)
>-
-J

z

Cl)

w
w
z

z

z

I—

U)

w

U)

><
0
w
I—
z
>.

—J
0
Cl)

cv)

c'J

z
w
0
0

I.00i4 OSI I OSLL S8

6uu0T!uOI,\j UO!SS!W

SG6JBJ., '' sanofqo

	

'•')'	 .

dIqspJBMo3 TOflPOJd

6uITrpny IuewuoJIAu

UOSBfl k!UflWWOO I301
_______________ ' ',

esuodse e6epd

	

_______________	 ' '•)

STOGJ4 ieuewuOJ!AU

UOiS!W!U!	 SBM

	

'')'•	 \

S9Jfl P 3OJ d IBuoRJOdO

IOJWO3 A!IS!6e1
••'•)	 •')'.	 '•)	 .,

punoi6pe icjoin6e

JO3eJia JOJ sitpqrJ eb
'

sseuejey

C)
C

(I)

w
C)
C

C

co	 E

IJi	 mu
WCCC	 5"	 'O<w

	

WWo C (c1) -5	 Q)-WQ
°

>Q)
XC	 o	 0
w.2

	

VEC0 C •E	 o•—ao
P 2 o	 o	 2	 E

________________ OOOF-ocnwwuO

C)



APPENDIX 2.3: SOLVAY INTEROX'S EMS - TRAINING NEEDS ANALYSIS

KEY

General Awareness: to include RCLP policy, environmental objectives arid key
targets, Responsible Care commitment, site environmental issues and effects, benefits
of improved environmental performance and consequences of departure from
specified operating conditions.

Regulatory Background: to include BATNEEC, BPEO, IPC, EPA 1990 and Duty of
Care.

Legislative Control: to include discharge consents, IPC Authorisation Limits etc

Operational Procedures: to include bund emptying, tanker off-loading, waste
management, accidental releases etc

420



I-z
Lii

Cl)
Cl)
w
Cl)
(I)

Cl)
I-
C.)w
Ii-
LI
w
-J

I-z
LU

z
0

>z
LU

0
U-
U)

0
I-0
LL
U)
U)
0

LU
U)
><
0
w
I-z
>-

>
-J
0
U)

c'1

z
LU
0

cj,

Lt.

0.
C,)

uJ

LU

()
LU

0

	

0	 -

-J
()

-a
C.)

C.,

U)

o
C.)

C.)

II	 -J
.— -J

	

() L1	 --

C)oo	 -
cJ

-a .-	 ,-
0)

0	 0 0 0 0 0 0 0 0 0 0 0
cz	 c\J	 C\i C'J C'J C'J C'J C.J C.J C'J C\J C\J C',J

	Lu	 C.)C)	 )C)C)C)

0	 0	 0C'

a)
Cl)	 a)
a)	 —
a)	 (1)

(

	

.	 ,-	 D)C)
cj-	 -L)•Q(/)	 )QQ	 2

	

c c	 — - .....	 — — — a) Q
a)Q) a)WCJWW

a) a, a) (1) a) a) a) a) (I) a)D
- - 2 2 2 2 2 2 2 2 0

	

w w w w w Lu L	 C/)
.. .. .	 wwwwwwwwwwc
Q)a)a) a) a)ø)

a)	 a) a) ) a) a) ) a) a) Q0
a) a) a) a) a) a) a).^^.^.?.^.^.^.^.^.^ a) a)

c\i



-J

I

ci)

cci
C

0

-C

z
-J
0

-a
C
(ci
-j

ci)
U)
ci)0
U)

0
cci

oz
II

U)
(ci

ci)
C-

-	 .
— 0
CQ)
o
0(0

II	 II

1-0
Zw
0Q-
0(e)

0 -a
E-
(Co

i0
ow

II	 II

00
LLJ

--Cl)
>

0) 0
-a 0
2W

II
ow
0I
_J 0

b-lI

pJ0)
0

jI

c\j
c\j

U)

—	 ,- -

0
Uj

•)	 c, c)	 C)	 C) C')

() Cl)

(_)

dd

-j

.— .-

Cl)

U)

I—	-

_j	 0'-

Cl)
Cl)

0
_.1 -J	 —-	 —

C4	 Ci

Cl)

-4 1	 7-
Cl)

C')

c1

Uj
C')

U)
ci)

cn	 cw
Q	 wa
0	 a

U)	 -
0)

-)I-__J2
U) U)..

ci	 r(	
'-	 -	 C

- ° °-
-	 U))	 Crji	 c

-.oa)U).F--

- t C	 o	 0 0 
• '

c 2 
0	

> •.	 —	 i- Cj
• c	 Cl) Cl)	 W	 I

—J0QCO	 o

CCl	 C;:l c	 c	 C9	 j5
C

CCl (Cl (Cl (Cl (Cl (Cl (Cl 0 0 0 0 Cl) 1) .

0000000<<<<0O



Iii
I-
U)
a,
LU

U)
I-
0
LU
LL
LI.
LU
-J

I-
z
LU

z
0

>
z
LU

U)

LU
U)
><
0

LU
I-
z

>-

>
-J
0
U)

U,
csJ

z
Lii
Q.
0.

<Cc)
2

(I)	 ()OQ
0cU

Lu

C C

C.)
1-	 -

Q	 Q)	 0LL

C)

0	 0	 0 0
I-J	 -J	 -J	 -J

a)4.	 0Q 0
w	 1	 ,

0	 C\i•	 z	 d	 Z	 dLU	 '-

C)
q oQ)	 0 Z	 d

—
d	 d

a)U)	 a)C'	 di5	 C)	 Cl)	 CU)>s

	

C	 ECa)	 C'O)Q	
a.o 0	 0 OO)a)

NC C	NCCO)
oo	 ocU,-	 C	 E C	 C 0 C

	a) 	 0.
> .	 > .a < .,	 a) -	 EUi	 0J0U)0 ?WQ-C	 -Wa)	 Q)C

—	 o	 -	 UJCU	 :a	 E	 a)CU)
C	 CCU

OCU	 a)	 CUC^
a.

Cl)	 0
•

	

0 C _	 >	 C°
C	 — CU	 0	 0	 0	 Cl)	 a)	 E 2a)	 o0	 0cU	 -C	 0	 cU0C..)	 a)o	

a)CO.2
CCU CI)	 CUa)_	 )	 CflC)	 a)

fCU a:-C 0 C	 C)wE 0 '- wo —

	

0	 0CD'.-CU	 )<OC.	 0.0 0Q>a)
___ ____ ________ Owo> ¼)0.00UU) ZZOQ)?4

C C
DC	 EC

CU
a)Cij	 0CU>CU.0	 0.

U)
Cl)	 CUa).c	 Ci,
C1)0C	 a)

Lu	
a)CCU	 _

CU	 Qa)
2	 . a)

(I)
U)0	 CU

U)
U)U)	 C	 0	 0	 .2

0<	 Ca) Ci)	 -	 w
a0	 0U) c	 C 0U)

00=	 2	 .-
0	 -	 0 0.

>'CU	 0	 .0	 5
___ >CUU) >>0<	 I>W.Q 0	 O	 0U)

Lu a)	 a)	 a)	 a)
a)	 a)	 Ci)	 Ci)

C/)	 U)	 U)	 U)

Cl)	 a)	 a	 C))	 a)	 a)	 Ci)
-D	 C	 D	 D	 C:-.
(5	 Ci	 ci	 Oci
0	 0	 0	 0	 0	 0 0

< <

C1)
c'J



w
I
-Cl,

w

Cl)
I-
0
w
U-
U-
w
-J

I-
z
w

z
0

>
z
w

C/)

w
C/)

0

wI-
z
>-

>
-J
0
U)

U,
csJ

)<

z
w
0

C
o	 o	 U)

C
0.

U,U)

o.

C caC
c	 O	 caG)

-a	
-c

-Cfl
)a)0 —o

'-	 C)

___ ____ ___ ____ ____ UIO)U),_XCC 0 -______ _________	 _____	
-= a a a) Lfl	 ca o

0	 0	 0	 0 0	 .
-J _J

CC___ __ __

C 0
N	 IC)

Co	 c'J	 z z	 z
LU	 a

0
z z	 z

.	 C)	 N	 O^	 IC)
N
(0	 N	 CV)	 Z	 N

o	 V

C 2 - - C) (I)	 .0	 a) C -C	 V U) a)
.CC)	 C)	 >CO

caca

	

0)	 OC

-	
C5	 >C—C',

a)	 cac	 —E
C"
a) U) a)C.)	 0	 wc	 >iio_ CV)	 E '	 C) a) '-	 - —u-I	 '

LL)	 -	 II .	 .- a) U)
—	 CCC

Eza)	 ',C	 -C

2	 C	 C

'.-. 0	 oa)	 CZ.C.) C
G)	 0	 C) caa) C —

	

CC	 °' a)a)'-	 OCC)C).a)

	

a)	 C) -=	 0 c - C C) Cci,c	 WE0a)
Cw D ca	 Eo. °
Oa)Oa)	 U) >>co

____ ______	 O<.- <a)0.0 W-.ca)

E
0

C',
'-U	 a)	 '1
C)	 .2
CC	 C')	

(1)

2
E
ca	 C	 -

a)	 .'	 0	 c
0)

C	 C
o	 C

C	 U)	 E	 C
a)	 _9	 .	 >,

___ o	 U)	 I-IL	 ____ =

Lu	 j5	 5	 5
2a)	 0)	 0)	 a)	 (I)	 a)I-.-	 U)	 U)	 U)	 (I)	 U)	 Cl)

a)	 0)	 0)	 0)	 a)	 0)	 C
C	 C	 C C	 C	 0
2	 2	 2	 2 0-

CC	 0	 0 0	 00	 0
0	 0 0	 00	 0

< <	 < <	 (5



w
I-
Cl)

0
w

U)
I.-
C.,
w
U-
U-
w
—J

I-
z
w

z

z
w

C;)

Lu

C/)

><
0

Lu
I-
z

>-

>
—J
0
U)

I4

c'J

><

z
Lu
a-
a-

.0

•0
a)

Cl)
I-.

Li	
Ca0)

-o
CO

o
C.)	 Eo

CO C
Cao

'-I	 0)
•0

I.-.	 0	 0	 0	 0	 0	 0
_J	 _J	 _J	 _J	 _J	 _j	 -

cc

a)'.
• U 0	 0

U) Co	 N	 0

z	 z z

0	 Z c	 Z Z	 Z

0)	 C)	 0
CO	

E
z

o	 V

'OEd	
CCII6)	 II

2	
CO	 Cl)	 Ca

Co 0	. 	 0	 0	 — . 0.

E	 °° 0)0)

Edt 11 hi	 h

.5	
.	 _C.0	 n	 —	 CO

o	 V=	 a)

I!	 !1	 .	 !
Ca • CO 0) .2	 0) 2	 >.. 

a)	 a)	 0 1) ci a)
cE	 o	 j	 E	 Ca

0) 0 C C ' . 0) 0 0)	 .0	 .0	 E .o	 o .0 0
a) E co0 0) 0 Ca	 CO	 Cl) 0	 Q) • (1) 0	 -

2	
C'J 0) 0	

C E	 -	 2 0 C	 C 0_ C

	

,< o	 o... o-'- o	 o,-. oO

____	 110 Z Cl) OCo-. _.0 0) 0cI) 0 CO II 0 a) 0 a)— 00
C0 )< 0)

0	 Cl)	 0)

0	 E	 c'J
C	 0) 0 ,s c
cl	 E	 C)	 Co	 5tsa)
a	 .	 :.	 =

U)	 =	 0)	 :	 E.ECO
o	 0)	 -	 0Cl).-	 0

-	 .2

Q)	 E	 <	 .?
0	 0	 0)	 Ca

E-.	 __	 0.	 0.	 a)
a)	 .2	 E	 CO	 :2	 2 Ca . o
.c C)	.0	 0)	 o	 .2	 - E	 C/)

_____ 0 E	 0 ___________ i- cn	 < _____ w a.

j5	 a)
>	 >	 >	 >	 >	 >	 >

.I

C	 C C	 C	 C	 C C	 C
0	 0 0	 0	 0	 0 0	 0

Lu	 OO	 OO
cc	 <<-

.2	 .	 .	 .2	 .	 .
0	 0 0	 0 0	 0 0	 0

L()
cJ



Ui
I-
C/)

Ui

U)
I-
0
Ui

U-
Ui

—J

I-z
Ui

z
0

>z
L

U)

Ui

U)
>(

0

Ui

z
>-

-J
0
C')

U,
c1
><

z
Ui
0.a-

.2 °—w

U)

Ui

o
____ O_Ecao	 ____ ____ _____ ____ ________ _____

C!,
-C

0	 0	 0	 0	 .2'	 0
_J	 -	 _J	 I

w
N-
C')

1	 z	 z

CD	 CD
CD	 CD	 <	 <	 C_J C,)OQ	 CD	 CD	 z	 z	 N
c'J	 C.J

-c
CD	 CD	 < I!)Uz	 z	 —.

o
0=	 0=	 CO

D
•	 E	 E	 DD

0(C)	 )	 Q)	 Cl)	 -	 c.
a) Cao 

2	
_^'	

>W	 .-Wca	 .	 0
a)ø_	 C -DII	 >C	 jW	 c. a—.

D)DVQ.	 E-E	 —E	 0
'–a'a.c D-D	 o	 0...	

ccco
ww	 — >	 - .... .

LU	 '!	 G)	 Q)IJ	 caCa	 °° E	 E—	 Cl)	 -0	 Ca 0	 C	 (•)	 C.I, '	 - C/JoC .	 C.	 DC)a) Ew	 CaØ.)	 lJ	 DO
,70D	 D

	

a)	 .3	 Ca6	 IC) C/)u)	
'	 CaCi')

o D Q . C
C)	 øoc..w	 <'	 <'	 c "ow CoC

WWCD	 DI	 DQ	 (DD •.Q	 0a)	 C
0

E8 >,CaE
CaC

Th=	 a)
CDC a)CaC	 OC/)

___ 0wOcaO.	 (<0O OcE	 Ea.
cz	 C-fl-	 C

.2	
--

.
C	 oCaQ)0

C	 .E
0E	 E

LU	 -D	 -O	 3	 a(/)o,CC	 C D a)OCa	 Oca,,
:3	 .	 —:2	 E:2 .U)

Ea)
C')	 22	 2
o	 -	 ox

D	 D CflCac>.•	 >,

	

-c E.c	 a)	 °L
' E	 •2E	 O	 •0CCa

Ea)°
Ca N N > •D

___ _______ il ___ ____ ___ _______ __________ ____________ ______ ______ o 0	 ______ < 0 - -	 Cd) (a

____ 
<Ca	 ____ ____ _____ ____ ________ _____

a)
a)	 Cd)>	 Ca

a)

Lu	 a	 a	 a	 a	 —0	 0
(1)	 '	 a)	 a)	 0	 0z	 z	 z	 <

(0c'J



LU
I-
Cl)
C!,
LU

U)

I-
C.)
LU
LI..
LI.
LU

1

I-
z
LU

z
0

>
z
LU

U)

LU
(/)
><
0

LU
I-
z

>-

>
-J
0
C/)

U,
C'4
x

z
LU

QVQ)	 a)

L

0.

aE

C .0 -

O	 a)	 a)
C.)	 O.t

Ea)
- ci) C V -

U)c0D) °
____ _____ _0o.ccawZo -

I-.	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0_J	 _J	 •0	 .J	 .J	 -	 .J	 ..J	 ..J	 _J	 _i	 J
cc	 a)

< <	 <p	 z z	 z z z z z	 z z

<
o	 d	 z z z z z z z z z

U	 Q)	 Lt)

U
ci	 1

-	 D)U) -- -
O

O^	 . 00a) I I

-	 0)	 .2	 00

0 •	 C
.0-	 2C0

D)	 0	 2-	 U)Q)	 j5	 0)0)
.	 E	 0	

CEP	 C C

U,	 cø	 ct	 V0
Ca	 ..	 -D	 D

Cl)	 C.-	 U)	 U)
Ca	 -5	 Ca	 Ca

D 0
C 0)	 0)	 0)

Ca	 (I)	 CC	 -

CO	 000
U)

a)	
0	 C	

(1)

3 V.	 Ca
>.	 0) V	 -	 ()	 0	 0 Ca

0	 C 2 V	 -
COOC	 0	 0

_____ ________	 (I) 5	 -J u ca - Z Z	 ZZ

E 0	E
C2	 U)•	 2

	

-	 ..-	 0
Ca	 U)	 C	 -e

.CO	 0	 CO	 CD
.0	 0

-e	 Cfl.0	 2
Lu	

E	 Ca	 2	 0	 C	 V

O
C

0	 0	 .=
C.)

W0c	 C)	 CC•C
•U)	

'-	 0	 .	 a)>,0	
•	

Cl)	 Q.	 V	 -	 C

CI)	 V	
COCl)	

U)	 oD

	

U)-0	 E	 V
a)

U)	 C	 >	 -	 C
	(2) 	 E	 0

0)-C	 CflC U)(J	
0000 .0

	

.0 E.2)	 -D	 0	 ,	 E	 o-
a) 0	 5	 a)	 E	 ca	 .--	 a)

___ ____ ____ __ ci:	 rx < 0	 a ui
0)	 a)	 C])	 CI)	 03	 CI)	 0)

LU	 .	 ?
CL	 U)	 (1)	 Cj

CD	 CD	 (0	 OCOOCDOCa 0 c0 0 c0 OCO O	 OC
U) (flU) (flU) U)U) (fl U)	U)	 U)I-

___ ____ - _____ ___

11)	 0)
0)	 0)	 (2)	 CI)	 CI)	 0)	 0)	 0)	 a)
C	 C C C C C C C Ca	 (1)	 Ci)	 Ci)	 a)	 0)	 0)	 0)	 0)cc	 0 0	 0 0 0 0 0 0 C) 0

0	 0	 0 0 0 0 0 0 0 0 0< z	 ____ <— s- s- 
:_	 _ — —

c'J



w

I—
U)

Iii

Cl)
I
-C)
w

LI.
U-
w

-j

I-
z
LU

z

0

>
z
LU

U)

LU
U)

><
0

Ui
I-
z
>-

>
-J
0
U)

I',

><

z
Ui
a.
0

	

w	 a)	 a)

	

C	 C	 C	 C

	

a)	 a)	 )	 a)	 a)
C,)	 (5 (5	 (5	 (5	 0

ô5	 c15
	a) 	 a)	 0)	 0)	 G)

	

a)	 a)	 a)	 a)	 Cl)
___	 ___	 U)	 Cl)	 U)	 CI)

I-.	 0	 0	 0	 0	 0	 0	 0	 I	 I	 I	 I
_J	 _J	 _J	 _J	 _J	 _J	 _J

£1:

Q)4.

< < < < <

P_	 ____

< <	 . < < < <

C	 z z z	 z z

E
E E

N.	 °E	 c	 CJ	 0	 '-	 C)	 C	 (D

C)	 CJ	 .-	 - LU

U,	 c'J	 C)

	

— U)	 ____ ______

E

	

2	 <co
a_	 a

CCo

	

U)	 U)	 0

	

Cl)	 a)
—°	 o	 52

o>
2	 2	 o	 cn-

Ui	 OE	
CD	 Cl)	 CC)	 CO	 a-
C)	 0)	 Ci)	 a)	 CO
C C	

a-	
EE

	

_	 -

CC)	 CO	 -	 -
CO	 CO	 Co	 Co

—	 C	
o'COECO&	 .?	 •	 = DOCO

CO	 C	 C	 0?C)-2Ca)
CO	 Cl)	 —	 0	 0	 CO

	

>CU)	 Co	 CO
_^'.	 0 0	 E	 -	 -	 -OE	 -a

2
____ - 

•1 6 Q_	 -	 — Q_ 0	 0- <C) <'C) 0- Cl) -

C6
U)

a)
C)	 Cl)	 COU,

a)	 Co
Q	 >	 CO	

EELU	 -	 °C,)	 U) 'C)	 —	 0)0

0	 Co
Cl)	 Co	 -^	 -	 3O)	 °_

'a 0	 0	 0	 a)	 j a)U)U)	 C	 E	 CO	
? Cl)

C) a)	 C
C	 C)	 Ci)

-	 2	 -	
C)Co	 LU

CO

	

.!2	 0	 E	 x	 :öZ3t)	 •	 E0	 2 a) 0	 o02 Co	 0
_____	 I	 Z_ Z 0. <__ U) I—	 o < j	 _______

a)	 Ci)	 a)	 (I)	 a)	 a)	 a)	 Ci)	 a)	 a)	 a)
Lu	 80)	 2a)C)	 0)	 0)	 C)	 C)	 C)	 C)	 C)	 C)

QCo oC	 000	 Co	 CO	 Co000	 Co	 Co
CO CO U)U)	 U)CO COCO U)CO U)CO	 Cl)	 (C)C/)	 (C)CO	 CO	 (flU)I-.	 a)	 a)

Cl)	 a)	 a)	 a	 a)	 a)	 a)	 Cl)	 Ci)	 a)	 a)	 a)
C C	 C C C C C C C	 C	 C	 C'U	 Cl)	 a)	 a)	 a)	 a)	 a)	 Ci)	 a)	 Cl)	 a)	 a)	 a)
0 0	 0 0 0 0 0 0 0	 (5	 0	 0
0 0	 0 0 0 0 0 0 0	 0	 0	 0

co
c.J



w
I-
U)

w

Cl)
I-.0w
U-
U-
Ui

—J

I-
z
Ui

z0
>z
Ui

U)

Ui

U)

><
0

Ui
I-
z

>-

>
—J0
U)

U,

z
Ui

CC

E	 0	 0	 0	 0
U	 -c,i	 -q0..'–	 0.-

O)	 U
COE	 COE	 (bE

0	 0-
U)	 U)

o	
(I)	 CO	 CO	 CO	 CO

C.)	 CD C)..	 a)	 —

C5

U

___ (I)	 _____ _____ '2U	 0
___ _____ _____ <0.	 <0.	 <0.	 <0.

I	 0	 0	 0	 0	 0

z	 z	 z	 z	 z	 z

C	
z	 z

E

U	 <	 <	 <z	 z	 z	 z
o___ ___ ___ ___ ___ __

U.0	 ci)(I))	 (1)

C)

LU	 .

0	 ci)
0	 0)0

LU	 )	 C	 02

-	 a)

U)	
cDw

0
o	 C
C-)	 cci

C
Q	 0

—	 ci)
CEc,,

U	
(5CO

oc

C
— O(tcl)	 .0	 N-	 0

C)	 O(b

-
cDcci

LU	

0	
C	 -U	
—CC)

0 C— -
U	 cC

0	 3 °--	 -ga)
U)	 —	 2

0.0)
>.	 a.

w	 E
ci)
(I)	 Ur-	 ci)C—	

'- 0	 J)0	 J)a)	 (fl0
___ ______ Z	 ______ ______ ______	 cci

ci)	 U	 —
LU	 CU	 0

C	 (1)	 (1)	 ci)
0

C	 C	 C	 C
______ z	 -	 -	 -	 -

U	 U	 U	 U	 ci)	 U
C	 C	 C	 C	 C	 C
U	 (I)	 U	 U	 U	 U

CD	 CD	 CD	 CD	 CD	 CD

0	 0	 0	 0	 0	 0

-

0)
c'J



LU
I—
U)

0
Iii

U)

uJ
LL
U-
LU
—J

I-
z
LU

z
0

>
z
LU

U)

LU
C/)

0

LU
I.-
z
>-

>
—J
0
C/)
'4,

z
LU
0
a-

0
0

t	 C
o	 .?.2

Cl)
I-	 a,	 U)	 0C)	 E'a)
LU

Ca2	 -5
0	 o.cu

EO	 EC.

o
___ <C. _____ Oca	 Ocao _____ _____ Z5

-
C)

-	 a,

.4.
cy,.

Cr,PZZ	 Z	 )	 d

0	 0	
0
0

C	
z	 1

b	 ,-	 0
q	 0	 0U	 o	 o	 d	 d

a) r x	 G)	 a - a)	 .2 > <coU)Ca	 0

	

a,2	 5a) Ui
ow =U)	 Da,c0' CC •28

U)
--..C)
•	 E	

^.E
OW0•	 Ca

- o
0

-°	 2'a-_	 •	 o

	

0	 >Cl)	 C.
(fl0Ca

_o	 o2OCJ	 OO
ii	 Z	 ca 0 0 z

a,	 a, C
xa,Oa)	 $-O 0- >
a,0

0)
OCa	 U)	 8a>	 aa0cfl0	 U)C.CCa
>:o	 wo	 00g

___ ____ _____ _____ OcO 0-C.._ <C.o. QC.CJ),-
C)	 U) X	 )<	 U)	 0 E 5	 2

2E
Eo 0'	 - 0	 CU	 U	 -

a,	 .?	 C) CU C)	 (0	
>	

0 C•	 C)C	 E

LU	
0E°-'	 '-	 >Cao	 0)

o'	 '	 Ia,C.)	 E	 ox	 °w	 a)U)	 ECr	 —	 Ca	 •C	 2a,	 OE	 Eo	 •2
2•o	 E0) 2	 a,O)	 OwCI)
CLC	

Ca Ca t"2	 -	 Ca	 a,	 C) C)C.a,	 O(U-	 O	 o	 >
C)	 a)

-	 °-- C)co	 c25	 C)Qa)05	 ()CO5	 a,(1	 2
w	 a)CD	 o	 2o.

a, o Cl) Ca c	 0	 >.	 >, 0	 e	 CU	 CU___ W0Ca <Ca	 OCD Io.	 ____ ____

LU	 t
.	 .

Ca	 CU	 Ca	 CU	 CUCaa)
a,	 a,	 C.	 C.	 C.	 Cl	 C. Cl

Ca	 Ca	 Ca	 CU	 CUCa
0	 0	 0	 0	 00

o	 0

C)
C)



LU
I-
U)

LU

Cl)
I-
0
LU
U-
U-
LU
-J

I-z
LU

2
0

>z
LU

Cl)

LU

U)
><
0

Ui
I-z
>-

>
-J
0
Cl,

U,
cJ

z
LU
0.

.2

WE

, EC)C)
CI)	 r.c

OD)	 •	 C)

—
0

cg2	 C)Q C) _U)	 U)
E

C)CC
o

C)CC2C)

0)
±	 -0)	 0	 0

I	 I	 -J	 -J

1	 •	 —
cy)	 Z	 Z	 z

LU	 CY)	 N-

0	 0	 4:	 4:	 0)Q	 0	 _•	 Z	 Z	 Z

(4 N-	 0)
CD0

d	 Z	 Z	 cci	 Z

	

-o_	 Q	 0)
a W	 -uW

C)CI)c	 01

	

c	 C)	 >0)	 C)0
0) CC

>.
LU 0	 CC

	

0C)	 CCCC0
•?Oo	 -0	 c-)

Li	 C)	 (0CCC —I	
.

0
Li	 o	 3c

0
Cc5il ''-0C) CCC)	 (1)

C.)	 2oz	 un	
.U)<._^,

0	 CCO•-	 >'

.- CC)	 ä	 50 - C)
____ Qa(/).- O.	 <Oo	 _____ _____

E CC	 0)0	 0)C	 U)CC %C
o	 oE.2	 C)°	 C)CO	 OO
CC	 2t	 0)	 C)	 C)
C.)	 OW	 CQ)	 OWE)	 G)E

	

QU)	 Q)0	 QJU)	 C)CO

.92

	

8	
CC	 Cl) CC 0	 CL

Cl)o0
C)U)

C)	
CC	 C)QCCC

	

0	 -
.2>	 CI)	 .2C)	 2	 E°CL

.. 'C)
0.

C)- 0 U)

	

0 - U) .	 c 0 - — 0 0	• 	 •O .	 V	 0)C O0)C
cE..Q

Ct	 OCC _	 C) O)
0) C)	>,CC)

	

E0 ' E	 2wC)cn
aE	 8g	 CCE°
CC 0	 200 C) '' 2	 >' 00 3CC 8

______ >	 0 't CC	 U.	 C) Cl) I .._o	 I C)	 < E

Lu

I-	 Cl)	 U)	 U)	 U)	 U)

•	 CC	 CC	 CC	 CC	 CC	 CC
Li o. 	 0.	 0.	 a.	 0.	 0.

CC	 CC	 CC	 CC	 CC	 CC0	 0	 0	 0	 0	 0

C)



w
I-
U)

0
Ui

Cl)I-
C)
w
LI.
LI.
w
-J

I-
z
w
z
0

>
z
w
U)

Ui
U)
><
0

Ui
I-
z
>-

>
-J
0
U)

'4,
c'1

x

z
Ui
0.
0.

C.)	 G)D

WE
(I)
I-. -C	 j..-	 •-	 cU)Eo(

U)	 ..0
00)

(0(I)	 (CI)

o	 •o	 _U).•
C.)

	

	 Ca. C _q)	 (I)
E

C w -
>>0	 c	 D)-

____ Z5	 _____ O8.E ________ _____ _____

0	 0
w_J	 -

C.- 0
(\1F	 .

c)	 z	 z	 cc	 zLU	 (,)	 N-

0	 0
0	 C)

F	 Z	 Z

C)
(0U d	 c	 Z	 z

C
.0	 0	 Cu_._c	 (0

w W	 VQ0)CO

a)w	 Q)U)C	 01
>0)

0) C
CO0	 0)	 (0

LU	 x

C.)	 cto	 0	 .0
.O0)	 °	 E°

Ui	 C
-J	

0	 -6	 cE.
.	 -	 -

LU	 -	 E-0	 Sc
0—O	 0

	

E	 s.0C)ca)

	

w N	 F -	 U)

C.)	 2oZ	 u'w

	

'	 cc
'-	 C	 II-J(I)()

0. -aj	 0)cc)	 c
	(I) 	 OQ)^0 CQ)Ø)C(I0)F	 Co0	 C)

____ Q..a.C/).- O.E	 .o8	 _____ _____

	

0)0	 0)C	 (0CC	 CC
oE.Q	 a-E°	 .E2	 U)Q0	 jOo

o	 oW	 cC	 22o(I)	 (1)0	 w	 '
.92	 w 0)0	 cc	 in cc 0	 0co	 (000)	 (000

—c

0>	 (0O	
Q	 .9w	 E0 2 Eccw	 °

a.	 o
-

2	 OCI)C0
••	 cc0)C 9ac

cE..2
wE	 'cc	 cZ	

C
w

aE	 o-o	
2wWu, ^C

—
-	 20	 > oO

______ 
> .	 0	 LL .. C.) (I) I ... o	 I C CI),- < E

LU
OS

C	 C	 C	 C	 C
U)	 Cl)	 (I)	 (I)	 U)

cc	 cc	 cc	 cc	 cc	 cc
LU	 a.	 a.	 a.	 a.	 a.	 a.
LI:	 Cø	 cc	 cc	 cc	 cc	 ccç	 0	 0	 0	 0	 0	 0

1
C)



LU
I-
U)

LU

U)

I-
C)
LU
U-
U-
LU

-J

I-z
Iii

z
0

>z
U,

LU
C/)

0

w
I-z
>-

>
-J
0
Cl)
IL,
cJ
><

z
LU

0

C)
C

0
Ea

0	 °
C.)

DCI)

ow
___ ____ ____ _____ ____ z.2 ___

-c
C)

333
0 0 0.0	 ±	 -i	 J

q)4.
'• C.)	 '

cv	 N-
0)	 CSJ	 Z	 Z
L()

C)C)	 <C)

H c'.J

co	 co
d	 0)	 Z	 Z 1-

C)

Vø)
3)	 .2z-	 5	 a)ca• Ca	 WQ)	 o	 C)

(0-c	 .€
	Ca 	 Ca

	

C)Q.	 a.
>

>
C)	 C

z

0)	 C 0
.•-a)O

.00	 C')	 >

^'CC) ^.S,c - w—	 o'E
C

C.)	 Ca0))	 c
w	 OCa	 E u,E

U)C	 C
oE	 a)
E C	 C_Ca)

SCflC O	 0	 OCaa.
____ ______ Ui.- 0 W.-0 ca a) Z a)	 0	 0.a. - - -

(0CC	 CC	 CC	 CC	 CC
°°	 .2°	 5.2°	 5.Q°	 5.2°

ai	 jw	 tw	 3
2a3)	 a)3)	 a)3)	 a)9)	 w9) 0
cU)	 w(0	 a)Cl)	 a)C0	 Q)U)

C)	 (I)	 Cl)	 0.	 a.	 0.	 a)
c C) -o	 Cl)	 0	 >	 a)

OC	 0'tc	 QC
Lu	 to	 C)Ca	 oco	 ...	 3

E°	 E°	 E° °- E	 °	 C
— O C	 0	 O	 C	 O	 0	 Co

0	 ^ö	 Eö	 Eöt° °-	 0	 3a) w	 cCl)	 CQ.. a)o°-	 U)O0. w3 0 	w	 -_CCaC)C	 C)C OC)C	 C)C -C)C	 C
a) E 0	 C 0	 C 0

-	 t	 C)	 5	 a) 0
a) C a).J>,w c>, C a)	 _C>.Ca)	 .	 C)

	

U) C — a)0	 --a)u a-0.>	 OöC>	 C>	 OC>	 >.	 _	' - to C) _Ca C) (CaQ	 cag a) Ca C) -	 C)OC)
___ U)a)Q,.-OECflEU),--	 0Eu-F-E(0.-O	 0I
LU'- 	 '-	 '-'-a)	 a)	 Cl)	 Cl)3	 3	 3	 3	 >	 >a)	 a)	 Cl)	 a)

(	 U)	 U)	 U)	 U)

Ca	 Ca	 Ca	 Ca	 Ca	 Ca	 Ca Ca CaLu	 a.	 a.	 0.	 a.	 a.	 a.	 a. a. a.
Ca	 Ca	 Ca	 Ca	 Ca	 Ca	 (0 Ca CO0	 0	 0	 0	 0	 0	 000

c.J
C)



w
I-
Cl)
a,
w

Cl)
I-
0
w
U-
U-
w

-J

I-z
w

z
0

>z
w

Cl)

w

U)
x
0

w
I-
z
>-

-J
0
U)

C.J
><

z
Ui
a-
0

— U)
(ci

•0
ci)

0

0.

o
C.)	 cci

.2

3	 3	 -c	3	 3	 3	 3	 3.2'	 0	 0	 0	 0	 0	 0
_J	 _J	 =	 _J	 _J	 _J	 _J

CC

-I-c.)	 C%J
0	 C')	

Co0	 0
IL)	 0	 CD	 a)	 CD	 C'J
(0	 CD	 C')

N	 0)

C')
o	 q 0	 0)	 0)	 0)	 (0

(I	 0	 (0	 N	 C'J

CD	 ('4
...	 0	 i	 IL)	 0	 It)	 0)	 (0	 0)
q	 0 .-	 0	 (0	 ('4	 o1 ,t	 C')	 '-

0
Cl)	 D -D	 > -	 Cl) (I)	 (1)

WW	 ..-
0)	 _ 0)	 _ 3	 cC'	 0 r

OEQ)
U)	 jW	

oE	 _0,C
LU	 0	 (00	 ••

00	 wo •'-C.)	 o	 L). •	 0.0	 -0..--= gCcci (ci	 (0(0	 •_(/)0
LU	 0	 ?D)	 3	 CC'	 Z..:	 - ao	 —°	 ci,.	 0_C	 0.-	 CI).2	 -Lu	 c	 c	 30)	 C' a'	 E-
Cl)	 ccC'	 0	 a'	 E	 >,O 00

E>'	 o-	 2 C0(ci
o	 C'E
C.)	

•-_^'	
LL	 -DC	 O)-o 0
à5-0	 .Q	 D O.-a'-Cl)	 .0-I-

>0)	 o
= (ci3=ciCJ)

G)0)
0 C 000	 CJ)cic occic___ ___ ___

2 Cl 0	 0	 (I)	 U)	 -	 (ci
0C')	 0	 (DV)	 '—	 C

C'3	 2	 CC'	 E0 0)
a'	 E	 2	 cci	 ,-.	 E

0	 (00.
0).—	 0

cC'	 o.	 co	 E.	 0	
0)	 2	 0)	 2LU	

_	 (0(	 a)CI)
C.)	 0	 <	 U)	 C'._	 (I)	 U)U)
CC	 0	 (ci	 0)0	 -	 3	 -

0	 .	 .2	 a'	 E	 a'
ci0Cl)	 ci)	 Ca)o	 a'	 0C

.2	 3cC'>0	 E	 C
cC'	 C')	 ci	 .0	 CI)

ci)	 DC0cci	 0	 ca'	 o)	 (I)	 _
-	 .2C'E E^	 =C	 0 •

-	
2	 oE	 a)a'a)	 0

-=	 a)	 I—	 )	 -	 -	

.E	 >-,o.
>,C1)	 (ci0	 0

___ OOo_-Oo (I)	 O-a'	 o O3 o3.	 0-5

Lu	 -	 -	 a'	 cii	 a,
(1)	 ci)	 U)	 ci)	 (0	 ci)
(ci	 (C'	 (ci	 Cci	 (ci	 (ci	 cci

a:

CC'	 (ci	 (C'	 (C'	 cci	 (C'	 (ci	 (ci	 (ci
Lu	 0. 0.	 0.	 0.	 0.	 0.	 0.	 0.	 0.
CC	 (ci	 (C'	 (ci	 (C'	 Cci	 (C'	 Cci	 (C'	 (C'

0 0	 0	 0	 0	 0	 0	 0	 0

c-I)
c-I)



LU
I-
U)

Iii

U)
I-
()
LU
Li.
U-
Ui
-J

z
LU

z

0
>z
LU

U,

LU

U)

x
0
LU
I-
z

>-

>
-j

0

C/)

U,

N

><

z
LU
0.
0

C-)

1-	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0
_J	 _J	 _J	 _J	 _J	 _J	 _J	 _J	 _J	 _J	 _J

a)4.
< < <	 < <

_zzzzzz

<	 < <
z z z z z z z z	 z

..	 E	 -	 C
Lt)

0	 N-U	 - '	 c
- w -_	 ___

-D 	 a)
0

21
(n	 -	 Q_	 -_.-

Lu
C-)	 .2—	 2	 a)

E.g?	 a)	 a-
Cl)

.cca	 Cl)

OE 0

-
2	 2	 0

o	 >-I5°
C.)	 >'.0

a) D
.>	 D

a)
0)	 :22 -DOe	 >

2-o	 2	 0C2LLE
__- 9_ Q___ o__	 - ____

ca	 000

	

°'	 -	 .2 C ca C)
>.

0	 a)	 0
.	 .

LU	 ,	
-	 c	 a)	 Cl) 0)

C-)	 I-.	 W	 0	 0	 -
a-	 0-	 a00	 0 —	 '-

C)	 <	 U)

-	 .	 .	 i	
a)	 .—'-.

a)	 U)
2	 0	 0.0>,	 -o0	 -	 2	 o	 CI)

	

a)	 >	 >.
U)	 0	 =	 0	 0cC/)

4-	 4-	 >, —
'	 '	 .	 0	 0

a)	 a)	 a)(Cl)a)	 a)	 (I)	 (I)	 a)
0)	 0)	 I))	 U)	 0)	 0)	 0)	 0)

____	 )	 )oW	 .Eoco..o.<

CI)	 Cl)	 a)	 Cl)	 a)	 a)	 Cl)	 a)	 CI)	 a)
Lu	 ea)	 W 2 a) Ew	 )
0..	 00)D)0)

o	 oca oca oca oC' o(CI oca oca oC
0)0)0)0) 0)CJ) CJ)CI)	 U)0) 0)0) U)(fl 0)0)0)0) U)Cl) 0)0)

I.-	 w:) a))	 a)	 a)	 a)

____	 Cr	 Cr Cr cr	 i cr Cr

C	 C	 CCI	 CCI	 (CI	 CCI	 (CI	 CCI	 CCI	 (CI	 (CI
LU	 a. a. a. a.	 a.	 a. a. a. a. a. a.(CI	 CCI	 CCI	 CCI	 CCI	 CCI	 (CI	 (CI	 CCI	 CI	 CCI

(_) 0 0 0	 0 0 0 0 0 0 0

C1)



LU
I-
U)

LU

U)
I-
0
LU
U-
LI
LU
-J

I-z
LU

z
0

>z
LU

C')

LU

U)

0

LU
I-z
>-

>
-J
0
U,

U,
csJ
><

z
LU

a-

a).S

a)	 a)	 a,	 a)	 a)	 C C)C	 C	 C C	 Co	 a)	 a)	 a) a)
C.)	 0	 0	 0 0	 0

QEa)
05	 05	 6505	 05
a,	 a	 a, a)	 a)
a)	 a)	 a, a)	 a)

___ ____ U)	 Cl)	 Cl)Cl)	 U)	 Zaio ___ ___

0	 I	 I	 I	 I	 I	 0	 0	 0
_J	 __J

q)4.

<z	 z	 z	 z	 z	 z

< z	 z

E	 E	 "	 "
E ECD	 -	 aD>

	

,	 z	 z
C')	 o	 N-	 CSJ

C C	 V	 ai j5	 C C)	 a) C	 Ca))	 Cl)C)	 C1	 0-wo . 	 a)

	

°	 .E
C	 0E 0

2E
Cl)	 a,	 C	 _

C-	 °

Lu	 <.2	 •	 CD	 .	
ca

()	 (I)	 •	 QCO	 >
U)	 e<	 .D?a)	 aC)CD

a,

	

o	 0-
Cl)	 OW	 a)C	 0-	 a)	 ()	 0a)

(I)	 0)
•CD	

•o,L;:	
3C

Cl)' 0C	 0 .	 .	 tCa	 •. : c:3	 a,._	 o

	

Cl) £•-n 0.E	 o)
a)	 O	 E

a,	 a,o	 co	 C
(00o' OOO____ _____ ____ _____ _______ <r 0C zS2. a

	

Cl)	 C)C C)C
(1)

V	 a,
CC0OC)	 a,	 '-	 E

Cl)

Cl)a)
•

-LU	 (a	 a, - C CO	 .	 V	 a)	 5 0.	 a,	 0 -
C.)	 0X2q,	 a,

Cl)	
0)	 a,

=	 Cl)	 0	 a,
Cl)	 (a	 Cl)	 0)0.	 o— Eoa,	 a)Cl)	 WV	 ?

U)	 =0	 C	 0.	 0>''))	 0o)
C

	

caw	
)

Cl,a,.	 -o	 0-	 o I	 0 •

C)
• -	

- >( — C	 C)	 .._	 .._
C	 0 0	 0	 0)

a,	 a)	 a,	 a	 a) --- a)^'
°	 C	 CD

	

___ ____ ___ ____ D	 ___ ___ ___ ___
a)	 a)	 a,	 i__a,	 a)	 a)	 —

LU	 a)	 a, ew	 a,	 0	 0C)	 C)	 C)	 C) C)	 C	 w
0(0	 o	 OCO OCO	 o(
cC Cl)	 l,Cl)	 (flCI) 0Cfl	 Cl)	 (I)	 V	 VI-	 a)	 Q)	 a)	 a,	 5	 C	 C

___ cc	 cc	 cc	 cccc	 cc	 2	 -

CO	 a	 (0	 CO	 CO	 CO	 CO
Lu	 0.	 0.	 Q.

CO	 CO	 CO	 CO	 cO	 CO	 CO	 CO	 CO
0	 0	 0	 0 0	 0	 0	 0	 0

U,
C')



w
I-
U)

0
w

Cl)
I-
C-)
w
U-
U-
Ui
-J

I-
z
Ui

z
0

>z
Ui

C,)

Iii
U)

0
Ui
I-z
>-

>
-J
0
U)

'4,

cJ

z
Ui

0.

a)a)
OC

a.	 -
.2	 .2	 .2	 .2	 .2	 .2 .2	 .	 a'	 0)	 0)

.Ca

Cl)	 Cl)	 Cl)	 C/)	 Cl)	 Cl)	 C/) Cl)
I-.	 C	 C	 C	 C/) 0	 t)

o	 o	 0	 0	 0	 00	 E	 C))	 a)

Ui — —
< < < < < <<

o	 0 0 0 0 0 00	 --
()	 a)a)	 i5	 i5

a, a, a, a, a, a, a,	 C) Ca
.	 .	 ..
.	 .	 .	 .	 .	 .	 .	 .

.0	 U) a)
___ ___ < < < < < << <.2a..z z Z

-c	 .0
1-.	 .9	 a.9'	 0	 0	 0

_A	 J	 J	 =	 ._J	 _J	 _J I	 _J _J _J

0	 LC)<0<0
Z	 Z	 io	 ci	 C\J

	

<	 w	 <cj
Z	 Z .- Z ,	 '	 ZN	 U)

<C\i	 <	 LtAj•	 .
Z	 Z 0 Z	 - .a C'J	 d d

Ca	 C/)	 U)	 a,C	 C	 0	 0	 'b.c	 C
.g2	 '-.	 .

c -	 .2
a)	 C	 a,

0 Caa)	 >	 -	 0	 -	 -	 E
Ui	 0	 .	 -
()	 c0	 C'-	 •	 Ca	 c	 .c	 Ca	 Ca Ca

	

^	 .	 .	 .	 .
U'	 .	 2 2

	

E	 C	 28v	 2 2 5
2	 0	 5Cl	 a,

CUC	 -
0	 —0	 —	 =
()	 C	 Ca	 Ca	 C/) U) E	 .	 0 0

o6 .? cCaf	 . .2 —	 -	 f	 0	 - .2	 .	 .	 .
E	 Ca Ca	 CU	 CU	 .

	a. a. 0 .? E	 --	 E	 a. 0	 •D	 0 0 0
0	 0	 OU)	 0 Ca	 >0	 "	 U' Cl)

___ Za. Z, <vW 0.Wcj	 Z.Ja, .Eo < < <
Cl)	 C/)	 Cl)

U' —	 0	 U'	 0)a,..	 C	 U)	 U) _0	 U)	 0	 0>	 c	 0	 Co

	

C	 C	 •-	 •.
.	 0	 CU	 a.	 0.	 .

a)	 E	 C/)	 Cl)

LU	 a	 2	 -
E	 Ca	 0	 E

8

	

0 0 0	 — 0 0 0
-	 2	 > C	 Cl)	

' thU)
•	 0	 E	 0	 --	 U'	 (1.
CO2	 0U)	 c E	 E	 E	 E

.	 .	 2	 2	 2
E°' -	 EU) a.a) 2a)o Ca	 .....

CI) ^	 Ca	 0 .	 0 C/) .	 0 a.	 Cl)	 C\J

	

U'0.C.E OC-2	 c2CCa	 0 0 0
____ 

a.0 IL >CUIL 0a.C/)wa)0	 ____ 0 0 Z

LU	 C.	 5	 j5
>	 -	 Cl)	 .	 .	 .	 .

	

C))	 C))	 ^CU	 .<	 .< < <

	

U)	 C/)	 C/)	 C/)

Ca	 CU	 Ca	 Ca	 CU	 CU CU	 -
a.	 a.	 a.	 a.	 a.	 a. a.	 Cl)	 CO	 Cl) Cl)

Ca	 Ca	 Ca	 CU	 CU	 Ca	 CU	 CU CU	 -
000000

o	 0
U)	 C))	 a)	 a)	 C))	 ) C))	 CL	 CL CL CL
Z Z Z Z Z ZZ

(0cy)



LU
I-
C/)

(j
LU

U)
I-
C)
LU
U-
U.
LU

-J

z
Ui

z
0
>z
LU

(I)

Ui
U)

><
0
LU
I-
z

>-

>
—I

0
U)

U,

CM

z
LU
0

.cc
0.-•

2=cr

-0>,

o
C.)

acO)	 ,,cC)
-0--a)	 -0--c)

___ _____ _____ ______ Io,-	 o,- _____

CD	 -
-c	 -=

a)	 0)

-J	 I	 -J

a)4.
0	 0 (0	 (0

N	 (0	 (0
CM	 r-

1

0 C	 C
(0	 0

C	
z

%
<	 CM	

N-	 CO

c	 E	 z (0	 LC
0	 C"

	

'Q.	
.

caøc	
a)

-c5	 0c•- .	 a)
O ) (	 -0>'	 :2_C)	 a	 >Li	 U)

W 0 o	 SCo	 i-U)
Lu	 OU)	 .

o
OU)	 OCO	 coo

	

- 0	 0	 0	 -o '	 Cl)
0

C,)	 CCl..	 O
—.c	 (1)

o	 ca.2	

Cl)

C.)	
0	

C
Eo	 o	 a)U)

-

-I-	 2-!	
fW
	2.	 -•

0°	 E0)
0	 C00>	 o	

2C	 5

o>	 o.-.Cx	 0,_a	 O'

___ oE Zo O5CMo Oo	 Ocoii <2

t	 -ow	 —C/)5

—	 0
(Cl

-	 2.o	 wcw	 EjccCl
0. 0)	 0

U)

	

Ec co	 Ec	 EC
caa)	 cj-

Lu	 c)cCl	 0

	

•	 <
c2 0-

	

-Jc	 2	 c	 OE	 >'f
(Cl2 c	a)0

	

(Cl	 >	 oCl)	 mE2	 o	 ._o

(Cl c	
CL	 - - 0	 Cl) .	 - 0 a) -	 -

U) c c C Cl)
C >, c	 0Ø0U)

ci)	 .o E o (0	 .0	 C	 .0

0•- 0 o
CQ)	

(Cl.0	 •E-a)2 20'-.ow
,-(ClU)

2	 '-' E c- (Cl Cl) > ._	 0 Cl)	 0 -	 0 0______ ('3	 LL 0 (0	 0 - = .0 I 0. = (1) U) C/) . g ,	 Cl) = (/)

LU-.a)	 a)	 a)	 a)	 (1)	 Cl)
>	 >	 >	 >	 >

cr

ci)	 a)	 a)	 a)
CL	 CL	 CL	 CL	 CL

N-
(Y)



w
I-.
(I,

w

U)
I-
C-)
Ui
U-
U-
Ui
-J

I-z
Ui

z
0

>z
Ui

Ui
(I)

0

Ui
I-z
>.

>
-J
0
U)
U,
C4
><

z
Ui

0

U)	 C)
0	 a)

a)
E	 U)

o-
C/)
a)	 2

Cl)
U)C	 C

-

a)	 a)
v)

CC
V

o
C-)

E	 0

02
____ C1)	 _____ ______ v. ______ ____ _____

V

-	 V

0	 -S.	 11)
I	 -J	 V	 _J

0	 a)
-J

0
0

It)	 z	 z	 z
LU	 1

0
Q	 C\J

O(	 C °	 z	 d	 zC'%J

-C

E
cJ

C	 =	 a)	 C)	 =	 2 2CU	 CU	 O	 c
0	 E	 U)	 5	 2.- a)-	 (I)

>	 a ->	 a)	 a)	
CU	 •3 0E

LU	 C
Ca	 0 EcW	 a)

-	 U,Q_LU	 Qa)	 a)	 -
u o	 C w	 V E V It)
°°	 0

LU
U)

E

	

Ca)	 C/)	 '
C .-

C/)

U)	 .s	 •a	 w2a)2V
>C)	 •)	 tC)	 C)

-	 € ---V	 c	 Wa)	 a)a)C
)(Ca	 C-	 0

o	 o	 oc	 oco	 o	 •o>
___ Za.	 Z	 ______ 0a)E Z	 0a)oa)0a)a)

'a5_	 •
a)	 C)C'-	 U)0 C 2	 Q)C5	 U)O

t	 o	 CCO	 E-	 2.
E	 EE.°

°- 2	 U)s	 E	 a)..	 O-	 U).
U)0	 l)	 CD-	 C

(l)C/)
cfla

0	 -LU
O,,O	 Ca)o	 CO

C')o_Qu).	 °-ci: °'	 --3	 w	 a)

Cl)	 2CO	
^V	 tU)cU	 CO^'t)	 caQ-i	 0

C	 I).-	 C	 2
0Ca	 QC,, OCUC	

'2W	 E-	 o-2--i	 2—i	 cnE.	 Ci)
V	 U)V	 .'V 0

Ec	 c>C	 C^'	 :--	
°-

•-ECU I
2 w E -D --	 .=o	 j - -.o-	 --	 C =0oa: C	 Z IL.	 U)U)	 ____ ________ )OCa 0a)	 _______ ____ _______ _____ _____

Lu	 -	 ..
a)	 a)	 a)	 a)	 a)>	 >	 >	 >	 >	 .>

11

LU - 	- 	 -	 -	 -

a)	 a)	 a)	 a)	 a)	 a)	 a)
a.	 a	 a.

cc
C)



w
I—
(I)

w

Cl)
I-
C,
w
U-
U-
Ui

—J

I—
z
Ui

z
0

>
z
Iii

C/)

Ui
C/)

>
0
Ui
I-
z

>-

>
—J

0
C/)

'4,

z
Ui
0
0

C)

Cl)	 >'	 c'J
-I-

0
LU II

a.	 C)

o
C.)

G)
C.)

-a
a.02

___ 0_a. (I)	 ___ ___ ___ ___ ___ ___

o	 o	 o	 o	 o	 o_j	_J	 _J	 _J	 _J

CDLfl
j	 ci

0)z	 r-	 z	 z	 z	 z	 z	 z

C.'J	 z	 z	 z	 z

cc	 C.J
1	 -	 CD	 N-
N.	 cc	 o N-c.J

cc	 C)	 0)
C,,

CC

•:owO	 .-E
0

Lu
C.)	 >,

-
a)	 C

-
a.	 I

p	 . EE	 2
C.)	 .°-	 2	 -DW OoE—w—

0
C	 0')

___ 2fl _____ ___ ___ ___ ___ a___ ____ ______ ___ ___ ____ ___ 0 I—
U)0 I0Ca

0) a-	 Ca	 a)

a.
0 0	 2Cl)	 -	 a)	 C\J	 U)	 a)

0)	 0	 Z	 E	 0(F)	 lj. 0 CCG)

CC!)	 Cl)	 0	 8

-	 20	 a.	 C)	 0
C	 Car-.	 Ca	 Ca	 Ca	 C

__ U) ____ 0 -J _____ I— I
a)	 a)	 a)	 a)	 Cl)	 a)
e Q)	 a)	 a)	 a)	 a)

0)	 C)	 C)	 C)	 C))	 0)C	 Ca	 0CCl	 (')	 OCa	 oCa	 oCaCC!	 0)ci)	 C!)0)	 fl0)	 Q)U)	 cfl1

.22	 .22	 .22	 .23

a)	 a)	 a)	 a)	 Cl)	 a)	 Cl)	 (I)
a.	 a.	 a.	 a.	 a.	 a.	 0_

0)
Co



LU
I-
Cl)

LU

Cl)
I-
C.)
LU
'A-
u-
LU

-j

I-
z
LU

z0
>z
LU

LU
U)
><0
LU
I-
z

>-

>
-J0
C/)

><

z
LU
a-
0

- c

.=	 a).-.

-	 -	 -	 -	 E'-a
o - •	 a)U)	 U)	 U)	 a)	 U)	 U)	 OcUãCC	 C	 C C	 C C

0	 a)	 U)	 a)	 a)	 Ui	 (I)	 .	 E
(!)	 (!)	 (.!)	 (!)	 0	 0

a	 a	 Lrj-D
•ô5	 (35	 (35	

C)1"
U)	 U)	 U)	 a)	 a)	 U)a)	 U)	 CI)	 CI)	 a)	 U)____ Cl)	 _____ 2.	 -	 _____

I	 i	 i	 I	 I	 I

-J

U)4.

z	 z	 z

< 5.!;	 < < <
Z	 Z	 Z Z Z

C) _)	 ,

E	 E	 E E
0)	 LC)	 CSJ<0)	

U) z(CIa	 LO	 cy)	 .	 Lfl-	 0)

____ ______ ______ (-J .-

U)W	 2C0)	 (J)Z
2	 0

c	 a)	
C c a a	 f>-.	 >.CI)	 0)	 0)	 (CI	 a.0	 -	 '-a)	 a)

(.)	 a)	 8 E	 c	 C	
c	 a)	 U)w	 Lu	 -CCl)

a-	 a- (CI	 C Cl)
-

a)	 -D.D	 03	 a)	 :),	
5> >	 0	 a)a-	 C

E	 -	 -	 CI)	 -a	 CCI aj	 0
CI,	 a	 a)	 EE

cUCCI	 C/)o°
0	 C C	

a.()	 Qa.
U)	 cC)

°	 °	 -aa)CI) Ui 0	 -D	 C.2 cn	 '- W

-a	 -	 oo o 0	 2
0_

0.-a.	 2	 (fla)CcC,.,EQ)	 Cl)>(l)	 CO,	 0
_____ Q7OC a- a-	 <a)<QCfl	 _____
a)u,a)	 0	 Wa)

_CW
-'flU)

(CI 0
°&a)2	 .0	 0

a.
• a)

C-Q	 u._-6
J)

-

	

	 a----
o- CCI)

CC)	 C5

-	
-	 o

E	 E-0 j	.	 a)	 .9CC)	 CC)a)Q 0	 U)	 Wa.WV)Q	 dna.
___ ____ ____ W3a.LLJ Z Z	 ____

a)	 a)	 CI)	 U)	 a)Wa)
Ea	 a)	 0W°W	 ea)wo	 00)	 a)	 0) 0)	 C
0CC)	 0cC)	 0CC) oCCI	 oca ocCI(fidI) V)U)

WW	 C

.	 .	 .

CI) U)	 a)	 a)	 U)	 CI)	 CI)	 U)a-	 a-	 a_ a	 a a- a-	 a.

0



w
I—
U)

ci
Ui

U)
I-
C)
Ui

LI
Ui
—j

I-
z
Ui

z0
>z
Ui

Cl)

LU
U)

><
0
Ui
I-
z

>-

>

0
U)

'4,
csJ
)<

z
LU
0
0

c)

.20

.2	 2E
°Ecl -	 -aO.--O	 -

2	 2	 0

LU	 a.	 a.

g)
o	 o	 oa)

a-

a>.	 ci,
< a

____ _____ -- - Oa.	 Oa..aU)	 OOa.

I-.	 0	 0	 0	 0	 0	 I	 I	 I
-	 _j	 _J	 _J	 _J

cc

0)	 CC

< < C	 C
z z z 1

< < < < 0)-	 ,-	 -	 LU
z z	 z	 c•-J	 z

0

U)	 U)	 U)	 U).0<	 -o ii

C C 0
cci

U) CT>	 0	 0	 0	 0	
Q0	

a
Cl,	 C	 C	 C

o o 0
0	 0	 0	 8	 .- -	 cT>0

-	 -	 -	 .	 0	 -D	 .	 U)30
o w .-.	C	 C	 C

a,	 a>	 a)	 a>	 a,
E E E E

U)
0	 T>'-°	 2	 0	 2	 •U)O)a>	 OT>'	 O
LU	

EE	 .	 ._	
.	 aa)D-5	 a,	 cn

C C C C	 0	 CC
>s 0 a>I-	 )	 Q)	 Q)	 a)

S.	 L-	 I_ oEcL
-	 -	 -	 -	 ogo	 cci.	 cE	 cw _0	 o	 0	 0	 —	 G)Cfl	 WOW	 c

o	 E°
CT>	 (TI	 CU	 (TI
a.	 a.	 a.	 a.	 cvE

—C\J C
- - C______	 -	 0 - _______________ ________

Wo 0	 0	 0	 0	 .DO._O)	 w'oc.c
.	 .	 j5	 .E

2

	

	 0Ca>	 E	 a>
(TID	 U)	 U)	 }	 0o	 •-	 E	 cci	 -Do 0	 >	 EEE0	 =	 C	 0	 ...	 Ci>a.

Lu	 . 0)	 -	 C	 -	
a.

Cl>	 C
C	 (1)

cc	 -	 U)CJ) a,	 ccicci2to g	 U)
o	 a. >, - LUC )	a.-	 Cl)	 o>	 a,Cl)	 0)	 a,	 a>c	 (1>0	 0	 cc a.— 0	 0)	 0	 C	 -	 .— -DC_OCU	

a>0	 c,.-._	 Q>	 E	 a>C
a>cT> a,2 a>	 w20E(I)> CO)<0 Q	02

______	 :_2_ :aj::.	 >	 > 1>' °	 0 a.> .-

Ui
Cl.-	 .	 .	 (1>

-	 -	 .E	 .E	 .

(C)	 (0	 U)	 U)	 U)	 .2C	 .0

oa.

a>0a,	 a>	 a>	 a>	 a>

ci,<	 a.<	 a.a.	 a. a. a. a.



Ui
I-
U)

Ui

Cl)
I-
C.)
Ui
U-
U-
Ui
-j

I-
z
Ui

z
0

>
z
w

U)

Ui
Cl)

0

Ui
I-
z

>-

>
-J
0
C/)
U,
c'1

z
Ui
0.
a.

'•6

C	 C C C	 C	 C
	a) 	 .2	 0	 .2	 .2	 .2	 .2

0 C	 -	 C	 D
2 2 2	 2	 2

0.	 0.	 0.	 0.	 0.	 0.

0 0 0	 0	 0
C	 C C C	 C	 C

	

^	 >.

____ 00-o00-	 00-000Q 0O	 00-

I	 I	 I	 I	 I	 I

q)4.
Coa	 C)	 <	 C%J	 <	 <

•	 r-	 -

VCj	 Z 0 Z	 Z	 Z(,I

0
0)	 0
Co	 <	 <	 0C)

z Co z	 za
C C CU -

[-___•	
c.9)'-_.,

OCU E C<
-

>a)	 w	 c	 -
>	 8

LU	 U)	 L...	 -
(1) U) Cl)	 U) Cl) U)	 =

	

a)	 .2°(5E-	 - a) C) a) .	 C)
u	 E	 -

= Cl)	 dl) 0
- .b	 0 2	 C	 cj	 - ..- (I, -
CCU), CUC 2	 C	 CCU	 0

Cl)	 W8U	 2 CUWWD

U)	 0	 0
^	 5w	 >.. C Q C)C>Cl)	 0. C	 (I)	 0 0	 0 c CUC •	 C
CU	 0	 Cl)	 )0
-	 0	 C0
C C)	 - C - .0 - t	 C) . D
WC)ECU a,a)	 CU •C•

°.
-	 0 0 000. CU

____ ______ Wc)cn-...- OwZ 0o	 _______

CU

-	 - C 3
2	 2	 2	 '	 CU	 .QCU

• 3 .0.	 0.	 CU

EQU)	
2	 0CC	 00

Lu	 - °	 O•	 -CU
C.)	 3)>	 >	

QU)
0

O	 20	
_-COCUI)	 U)	 CU

Cl)
' .E	

>	 - CD CU	 - •

-'-C)

-	 OC
a)Cl)

>Ø)	 0Q).0	 0	 ,CU	 CU	 Cl)a)
___ 1z	 Wr	 <Q.0	 ______

a)
Ui	 -	 a)

a,	 a)	 a)
>	 >	 OCU

Cod!).

.2	 .9	 .9	 .9	 9	 .9	 .9

a:	
Q	 Q

5 < 5 < 5 <	i5<	 i5<
0-	 0-	 CL CL 0-	 0-	 0-

c"j



w
I-
U)
C,
w

U)
I-
C-)
Ui

L1
Ui
—j

I-
z
Ui

z
0

>
z
Ui

U)

U-i
U)
><
0

Ui
I-
z
>-

>-J
0
U)

'4,

cJ

><

z
Ui
a-
a-

o	 o	 0 0	 0 0 0 0 0 0 0

o	 o	 0 0	 0 0 0 0 0 0 0

C)	 0	 C)	 0	 C)	 0	 0	 0	 0	 0	 0
Cl)
I-	 a	 a	 -a	 -a	 a	 -a	 -o	 -a	 -a	 -a

2	 2	 2 2	 2 2 2 2 2 2 20.	 0.	 0.	 0.	 0.	 0.	 0.	 0.	 0.	 0.	 0.

0	 0	 0 0	 0 0 0 0 0 0 0
o	 C	 C C C C C C C
C_)	 >,	 >-.	 >,	 >-,	 >.	 >-,	 >,	 >.,	 >,	 >,	 >-,

___ Oa	 Oa.	 0a0a	 OOOOOaOaOa.

I	 I	 I	 I	 I	 I	 I	 I	 I	 I

4.

< < <
.	 z	 z	 z z	 z z z z z z z

< <	 < < < < < < <

z	 z	 z z	 z z z z z	 z

)

.. _..	 o	 E
c	 a	 Q	 o	 r--	 —

o E	 " E	 —	
a

—	 -	
a

(3	 a	 10

c	 o	 a o 0 0

a)	 Z ZZ Z
—	 '•__ w__	 -
a	 CU)0	 0

a;	 -
2	 2	 .	 -	 5

LU	 E	 c	 >	 >0>	 >
LU	 w

LU	 0	 0	 0	 o-o-o
—	 —	 C)	 <	 <	 a)	 .	 a	 a)

>.	 >,	 E CO.	 CO.
-

Cl)	 .

0	 -a	 0	 0
o	 -a	 -a	 (I) a- a)	 Ci) a- Ci) cr

.2	 .2	 a	 o	 o
Cl)	 a)	 0 a)	 a	 — 2 -.	 2—	 —	 0 Cl)	 a	 -C	 a	 -	 -	 '-
°	 °	 2- 2	 2

____ o	 0	 ____ aS2a a. a000E

	

oao	 oc
o C	 — a) '	 -- a)
—	 cCi61'	 -

	

a)	 CCCi
C	 E	 a-

0
-a	 I	 N	 S as

Ui
. 0'—	 0 a, 0	 a)	 0)

	

c	 (Ci 0 >	 C')	 .2	 -a	 -a

a°-	 °uCl)	 Cl)	 Q	 .—	 (Ci	 a)	 (1)	 o	 _	 C)
0	 0!t	 •-aa)	 -	 a.	 CD	 <	 0
I-	 a)	 C	 0	 C

- -.--Et-	 Ci)	 a)	 <	 C	 0
°E >'	 U)	 (.	 a)
a)0	 a)ft	 .	 -	 -	 -	 0.
U)o (Ci . D	(Ci	 •QCCi0_	 >,	 >,	 (	 a)	 >,___	 E<0 i I < 0 U) CD
a)	 Cl)	 a)	 Ci)	 a)	 w	 (I)	 a)	 a)	 a	 a)
2w	 2w	 2w 2°	 2w 2w 2w 2° 2w 2w 2wC)	 C)	 C)	 C)	 C)	 C)	 C)	 C)	 C)	 C)	 C)
0	 0	 o	 o	 o	 o' o	 o	 o	 OCCi(flU)	 (flU)	 cl)Cl) (flU)	 (flU) (flU) U)U) (flU) )(l) 	 U)	 U)

I-.-	 w	 w	 w	 w	 w
___ a:	 a___ a: cc	 cc a: a: a: cc cc cc

0	 O	 0000	 0000 OC) OoOo 0 0

5	 i5	 i5	 i5
a.	 a.	 a.. a.	 a. a. a. a. a a. a.

C)



w
I-
U)

C!,
w

U)
I-
C.)
LU
L1
LI
LU
—J

I-z
LU

z
0

>z
LU

U)

LU
U)

0
w
I-z
>-

>
-J
0
U,

U,
C"
x

z
w
0.
0.

C C	 C C	 C C	 C	 C	 C	 C
0 0	 0 0	 0 0	 0	 0	 0	 0
t .	 t	 .	 .	 t

C) -	 D
2 2	 2 2	 2 2	 O	 2	 2	 2

LU	 a. a	 a a	 a. a.	 a	 a.	 a	 a

0 0	 0 0	 0 0	 0	 0	 0	 0
C C	 C C	 C C	 C	 C	 C	 C

C.)	
^	 ^ -	 .

.	 .	 .	 .

=<D< D<D<	 <D< ;<	 < J<
____	 0 a 0_ 0 a-	 Ca 0 a.. 0 a. Ca 0 a. 0a

CD

I	 I	 I	 I	 I	 I	 I	 I

< <	 < <	 < <

.

< <	 < <
z z	 z z	 z z	 z	 z	 z	 z

ij	 C

U
0	 0	 WWW	 .	 '-.

	

Z0	 '	 —0)
o	 .2ca

0	 C	 C	 c	 .2	 .2	 .2	 .2	 -

(I)	 a	 a.	 a.	 a	 m w	 i5
LU	 o	 a, a)	 0 0	 0	 0	 a.

C C	 C	 C	 a
LU	 h	 .5 .

0	 0'..Ca	 c).w	 2
- .	 U)	 C.)	 0	 o	 o	 -

LU	 a,50	 a)

:	 :	 >

-	 .	 -	 .	 .

	

LL	 C	 cE cnE	 o0'	 co	 E
0 ..-	 oa,-a	 ca	 cC cC	 caE	 ca..	 Cc0' 2

.	 $ —	 E D.	 •D	 -D	 D

	

—	 a.> w>	 OC	 C	 >a	 a

	

U'C (O C 	 0'o	 U)

___	
Da,Dw Do Do W<oD

-	 D
c	 OG)	 a,C	 —	 —

	

C	 oca	 C	 U)	 U)G)

.	 oE	 cU

E

	

C	 C	 )<
a	 o 0

.	 + —	 C	 -	 .-	 a C
-,	 a	 C	 cac

C.)	 .!	 a, '-	 (S .-.	 ca
C\I	 -	 C	 —
LC)	 C	 0	 C .E a,	 0	 C

-J	 -	 CD	 L()	 - —	 - ca C	 a)
o	 CV)	 0'	 2a<ca	 °

o	
V	 D

•	 :

cc	 0	 a	 a'?	 °

LU	 .2	 0)	 a,	 c1	 a,	 a,
a	 0	 0'a.0'0'a ("ca0 U)U)Q øa,

____	 0	 LL Z	 D c D. ca Do2 D5- D	 D.E.
a	 w	 a,

LU	 a)2a)	 EØ)0

	

0)0)	 a, a,	 a,	 a,	 a,

	

o ca o ca	 o ca	 .	 .	 .	 .	 .
Cl) Cl)	 Cl) C)	 Cl) Cl) .

wD	 C C	 C	 C	 C	 C
___ cc cc	 cc z	 - -	 -	 -	 -	 -

C)	 C)	 0	 0	 C.)	 0	 0	 0	 0	 0

	

'a)2	 .	 90
o	 o	 •o	 .o

	5 < 3 <	5< 5 <	5< 3 •	5<	 3<	 3<	 5<
a a	 a a	 a a	 a	 a.	 a	 a



w
I—
CO

Iii

Cl)
I-
C.)
LU
U-
U-
LU
—J

I-
z
LU

z
0

>
z
LU

C,)

LU
U)
x
0
Ui
I-
z

>-

>
1

0
C/)
IL
C%J
><

z
Lii
0.

0 0
C,	 C)

CI)I.-	 •0	 0
2 2

00
o

^ ^
C C

___ 0000-	 ____ ___ ____ ___ ___

-	 -c
I	 •	 0	 0	 2'	 0	 a

-J	 -J	 -J	 -J

.4.	 0

U,	 0
z z	 z	 0	 U,

0 - __ __
c'J

z z	 z	 •-	 - 0
0

-5

Ca Ea)c	 .	 :----
Ca	 - 0	 c o	 0 .	 Ca	 0 c)	 _ ._

oCa0E	 Eh OE	 .2
>	 •	 0

2	 ."
-	 v E	 o	 -

Lu	 og	 CaCJ

-C	 -C
-	 a' 0	 -	 Ca	 -

Ca a)	 0 C 0 0	 0 0	 —Eo-c— )D	 QJ	 a)	 a'.2C') a'
°d	 E0	 .9	 o 2 - o	 o o . o o

.0	 0	 0	 0	 E o,,E
a'>	 —=c,, u,CE	 '	 0	 UQ0

	

a'O> (I)OU, CflO	 Cl)	 Cl)

____	 ______ >oo, <0c <Ca	 < <_...LL) <Qc'j

— a'-
. - E .2C

—	 0.
0	 •	 a'

	

a'	 a)-	 0 0	 .
Cl)	 )

ua' 0	 .2	 0
'__cY)	 0	 0

._ -	 ' ca .	 c	 a'

Ca	 Ca

	

____ ______ _____ Cl)	 0	 00	 ____

Lu	 t
.	 .

.-	 •6	 <	 <	 <	 < <
I—	 C

o o
i5LU	 o- o-	 =	 ==Ca	 Ca.	 00	 0	 00	 0000	 00

a'	 I	 I	 I
ci	 o

-

L()



LU
I-
U)

LU

U)

C)
LU
U-
U-
LU
-J

I-
z
LU

z
0

>
z
LU

ci)

LU
U)

0
LU
I-
z
>-

-J
0
U)

'4,

><

z
LU
a-
0

ci)	 U).
0)0	 0)0

C
CCa

o	 0_C	 D.0

Ci	 E

cao	 caO

___ _____ ___ ____ =.0 ___ ___ ____

0	 0	 a,	 I	 I
—J	 —J	 •1

cC

z	 z	 z	 z	 z

8	 8	 <	 C <
z	 z	 z	 z	 z

>,
-	 0	 .c	 cj	 cj	 -	 -o

-	 -
o	 d

U) U) =	 a) II	 CO.0	 U) U)	 U)	 a) -	 (I)	 a) 0
. o Ca	 .-'	 u 0	 C	 •- 0	 0(0	 ^.E_	 ^_c	 C0.

'	 L'
U) a)	 Ca	 Ca	 .	 .0 C

0	 -	 o	 •1

8
LU	 U)	 o	 0	 E2

°v.2	 a)o..	 0	 C	 wo	 =	 .	 )	 o I	 0)	 2 0 0
Lu	 ,<o(0	 '-Ca	 G)0-
U)	 Ct	 c	 .c	 -o	 -

E
>. 0	 Ca 0>	 (UC)	 C' U)	 CU	 0 0>	 -_c ') 0

II	 .2	 c	 -	 0 a) S-'

•-	 ..E	 co... .2
o c '- C	 C 0	 0)	 - - 2	 ) c o C 0)	 c >

W0 0Ca._E	 ac	 w-
0CC C0	 .2)c'i • •2C C3	 2o	 a) C--.

0 0	 0 -o CD 0 -o 0) 0	 = o	 .c 0 c
___	 Q)o 0a).-	 F-'i 0a) Oa,- Z0E

C	 C	 C	 '- Cl) (U
cJ)	 cl)

0	 0 Ca

0	 2	 0-	 a)	 a)	 -	 -a)	 C C	 C .0	 C	 -°	 -0	 0	 CC	 o-	 C	 = 0
Ci _D	 -	 .-	 .	 8^0	

I
0	 2	 .	 -	 -

U)	 U)	 C	 0 0 C-	 C__	 --s-	 0	 .-	 00	
(1)	 0)CI)

a) .
--	 Ei-	 C	 2C (U.2-..

()C	 Ec	 -	 U)	 '-a) '-U)'--
E	 0	 O	 C2CJ)2	 °2	 CaE	 .I	 C2OcaO..

____ I- a)	 IL	 ______ O	 <.9' C/) a) C) a) _____

Lu	 L.
a)	 a)	 a)	 a)	 a)	 a)	 a)	 a)
.2	 .2	 .2	 .2	 .2	 .2	 .2

1-.	 cc	 cc	 cc	 cc cc

'-a)	 ..Q)	 s..a)	 a)	 a)	 .OJ	 .a)	 a)
a)Cl)	 a)U)	 WCo	 U)Cl)	 a)U)	 a)U) Q)U)

ml ml	 cd	 ca1 m 1 m1m

CD



w
I-
U,

U,
w

U)
I-
0
w
U.
LI.
w
-J

I-z
w

z
0

z
LU

Cl)

LU
U)
><
0
w
I-
z

>.

>
-J
0
U)

IC)
CsJ

z
Ui
0.
0.

2	 2

2	 2
(I)	 Cl).	 CO.I-	 c

0)0	 0)0

o	 o.c

(fl	 (l)CD

(to
4Z 0-

0)

0	 0	 —	 .)	 0	 0
-J	 -J	 .	 I	 I	 -J	 -J

w.
(0	 (0z	 •-	 z	 z

0Z	 Z	 Z

Ct	 Cl)

(Cl	 (Cl
C w	 0	 0)	 --

ci	 ci	 ci

.c	 = a,	 Cl) z c.j	 w CO LC	 - '-	 - c o c
a, 0)	 a)	 Cl)3	 0)Q	 0 Cl)	 0 0 0

^	 ^Ed ^-d
05	 E_	 f	 a)o 1c

caq0	 ao a,	 ,j	 Cl)	 0	 0	 C >
Ui	 E .€C	 '	 E	 0)
()	 a,	 a, a)'Ctl))	 a, —	 a, —	 E --	 .._0	 a,_	

Cl) Cl)	 Cl)

	

oo.2	 -2	 oO	 o.Q	 0ct$
a,

0'	 ^ ca,2	 -	 s-	 _c
(C)	 LL(l)_Ø	 Cl) Cl)	 a)	 a,0	 00	 -

5	 o	 a,	 a,a,
—	 _c	 c o .-.	 —	 —	 .-.0

	

Ec—	 .co	 0	 0>
oo 0 00	 .9

E°' _c,	 0	 0c	 ,,c	 EED	 Oj

"-	 .	 (tca,
O cl)a,	 jCl)	 cW	 0ct.c	 )Ct	 000°' a,— w .>

	l)—	 000c	 .c2E	 0)
0.	 g 0	 0 .! 0	 0 0)	 0	 0.	 —	 E	 -

____ <.22o F-ZoQo	 I-.EE i-.E <Cta)2 w - Eo

	

'	 ;i5 •	 .9 .	 .2
•	 i5

a,	 o=	 Ct	 a)
-	 E	 000	 00

0	 0)
.2°	 .2

o	 -_c a)	 -
LU	 5	 0	 OQ	 a,	 c	 -
C)	 °

0	 ca	 00C
.2	 a,

•8
0 .25Eo	 c8	 E	 0—	 0 —	 0	 C1)CCt	 0	 00a)	 0)	 •	 ..—	 ci..	 Cl)

E	 °E	 eEc)	 .5(t	 p
a,	 E.2	 P

____ ______ I O. a.	 0	 cfl O l) ______ 0

Lu i..	 .	 ..	 s...	 .

a..	 Cl)	 a)	 a	 a)	 Cl)	 )	 a)
.2	 ^	 .2	 .2	 .2	 .2	 .2	 .2

I-

cz

0	 0	 0	 0

r-



Iii
I-
U)

Ui

U)
I-
0
Ui
LL
U-
Ui

1

I-
z
Ui

z

0

>
z
Ui

Ui
U)

><
0
Ui
I-
z

>.

>
-J
0
C',

U,
C%J
x

z
w
a-
a-

'61	 OC'J
0	 Cj)9-'a.

a.

a.-

ECl) 0	 ci)

i5'C	 2'	 2a
C	 ()	 >G)	 -	 -	 -

a,	 a.U)	 .E	 ci)	 a)

	

Ca)	 C 0	 C	 C	 C
a,	 a,	 CD

	

g	 5.-	
.	 2C)5	 a,	 a	 a,

,	 O0'?	
C)

0	 a,Cci.(J)	 (I)	 ci5-Q)	 CCD
0)	 G)	 a,

C	 a,	 a,	 ®
___ ____ ___ ___ ____ D8 ___

-c
C)

-J	 -J	 I	 -J	 -C

cC	 cC

	

z	 z	 z	 z	 z z z

	

cC	 cC	 cC

U	 z z	 z	 z

'	 E	 'E	 aD	 E
C"JaD

-	 E	 z	 Z	 Z	 Z
	0 	 0)	 ,rj

c'J

a,	 oU	 0
Q)C	 -c

cnCa	 Cl)	 'C
a.

>DQ,	 a)	 'C

	

C	 S	 -	 .	 C
U)	 U)
a)	 ci,ci	 g	 '	 0	 'C

ci)	 U)-	 __...	 a.	 a,
C) 't	 ca	 0	 0	 0)

Cl)	 (I)LU	 -c	 a,	 a,
'C :,' 0 	 a.	 -	 '-
• .a	 0

	

--u.-	 cciC	 0	 -	 -	 a,<
0	 0 Owii	 ()	 -a	 Ca,0

o	 Z.2
=

-	 V2 Ca	 Cci	 0	 C	 C
a,o E 0	 _i^'c	 Cl)

CO	 ca	 • .Q	
•	 o

	

—C— 2'C	-Q	 ØCa	 Oa,)Q)
E a

o	 o-oo o	 o	 a,
_____ w .-	 . —	 0 a, ________	 Cl) 0 0 cC

a,
U)

0	 0	 Cl)

a,a) a,	 C)
Cac	 C

	a) 	 —	 a,	 :-	 -o	 .1

Cl)	 cci	 Lii cci	 a,a,

	

a	 a.	
C)	 Cl)
C	 Cl)0	 mci,	 "	 -	

'CC',	 >	 UJ

	

'6	 —ci	 C	 a,
Cl)C	 U)	 -

Cl)	 -

	

a,	 Ci)
(fl-	 C	 Ca,'-	 -

	

>	 .	 OCl)	 -	 o	 O>
___ (/)a,	 LL	 <	 0-a	 _____ 0	 I-0

ci)
'Cci)	 C	 C) C)

	

a,	 a,	
0cci occi ocl)

	

>	 >	 Cl)	 Cl)	
2	 U)) U)U)____ ______ ____ ____ ______ ______ ____	

cr 1

0	 0	 0	 0	 0	 0
	'C 	 'C	 'C	 'C	 'C

o	 o



w
I-
Cl)

0
w

Cl)
I-
C.)
Lii
U-
U-
Iii
-J

I-
z
w

z
0

>
z
w

C.;)

Ui

Cl)

><
0

Ui
1-
z

>-

>-J
0
Cl)

U,

N

z
Ui
0.

U)

a)	 a)2
a)
C

>,.
>

Lu	 -	 00

	

0	 Cl)a,

Co	 Ca)
C.)	 ()

a)0>
(1)	 E.
ci)	 og)	 0°tC)___ (I) ___ ___ ___ ___ ___ ___ ___ ______

I	 o	 o	 o	 0	 0	 0_J	 -	 _J	 _J	 _J	 _J

z	 z	 z	 z	 z	 z	 z

C	
z	 z	 z	 z	 z	 z

0)
cci

ccia)	 ci5	 4	 4	 4	 z0	 0
-	 z	 z

0	 cC	 cci	 Eai
—	 i5eo	 0	 C)	 a)C

C-	 a.C)C	 0	 C	 C).0	 (1,0	 0

Li	 C	 'WajC)	 cci
a)	 0	 .

cci 0	 .	 e	 U)	 C	 Ea) C)

lu

	

•U' ' U)	 C)

Lu	 C)D	 C0)QC)	 .—.-	 Ct

C	 -	 C	 U)	 c C (1) C)

U)	
(1) (ci

CU)C

	

	 0	 ()	 0	
0	

U)0

•	 q?8 .8	
-	 2'	 -	 --a .ci,

C0	 a>,	 o	
0	 (1)

N	 >	 Wa)
a)	 cci	 >E	 E	 0

C O	E	 E
C)Ct	 (C	

E	 -	 o	 o	 o
___ <OLLCLLC -	 Li..	 >.	 Z	 0	 ______

-	 '-	 CU	 a)	 C)

>•	 __	 0

-	 -	
•	 )

U)
>	 C	 CU)	 •E	 0

Ui	 -	 -00•	 C	 0

C.)	 >.	 CI)	 C 2	 C
0	 0	 0) 0	 E

a)	 d1	 '	 '0	
...	 N-U) > —C	 0 Q	 0)
-	 —	 o

-	 C

	

)	 C 1C) tO)

	

C)	 E CtC
U)5	 U)CC	 0-CU)	 Ct	 -	 a)E

-	 CtC	 CciU)	 O)a	 2ci°-'	 a)
___ LU	 (5a,	 Oct	 .-	 Q...CC?cci 'ai	 o	 z

a)	 a)	 a)	 (1)	 (1)	 0)	 0)	 (I)	 a)

LU	 a)	 Ea	 ea)	 ea)	 ea)	 0
C)	 C)	 C)	 C)	 C)	 C)	 C)	 C)	 C

o	 oct	 OCt	 oct	 oCt	 0Ct	 0Ct
U)(1)	 q)Cl)	 U'U)	 U)	 U'U)	 (flU)	 U)U)	 (flU)	 •a) 	 a)	 a)	 a)	 a)	 a)	 a)

___ ___ tr ___ ___ ___ ___ ___ ii z

	

a)	 '-a)	 -a)	 '-C)	 '-CI)	 s-a)	 s-a)	 s-a)'-C)	
a)	 a)	 a)	 a)	 a)LU	 =	 =

OQ	 00	 00	 OQ	 0	 00	 00	 0	 0

I	 I	 =	 I	 I	 I	 I	 =	 I

-

0)



Ui
I-
Cl)

LU

U)
I-
()
Ui
U-
U-
LU
—J

I-z
LU

z
0

>z
Ui

U)

LU
U)

x
0
LU
I-z
>-

>
-J
0
U)

U,
c'J

z
LU

(I).0
OQ)

-	 'C/)a,

o	 O	 U)
8o

82'	 a,
-	 00)o	 Ca

-

0)	 0)	 0
C

Ooa	 a,
____ _____ ____ (9_-	 ____ ___ ____ ___

'-a 	 0)

I-.	 0	 0	 0	 2'	 o	 o	 o	 c'.
_J	 _J	 _J	 =	 _J	 _J

< < CD

UJ	 cj

.	 < 0	 0

Ca	 Ca	 Ca
.

0	 0	 Z	 -	 C%J	 Z
o	 Z	 Z	 Z

-	 cb5	 a,C
>cD

2	 .-'
&	 •	 a,	

C0

C	 0 a,-	 C	 CaE.	 •	 0)
3a,	 a,	 U)

LU	 '	 -°°	 Ca•-
E	 5	 -	 OCa

0	 "	 a, a,	 • -	 ° 0	 -
Lu	 OC	 0	 °°	 o	 C
U)	 0 Ca	 -	 (I)	 > - Cl)	 a,

>	 -
0.)	 '-	 CD	 C	 Z 0 Ca Ca	 o

°o 0 .Q	 0 C	 -Cl)	 N.•_	 Ca
C1	 0a	 CClqj	 --

Cl) 0	Cl)	 cn	 C0	 Ca, C
Caa,	 Ca	 C,,0)	 wE

u	 -	 C0) 2CaCaa	 .-.c	 xo	 w0-	 -o-,
___ _____ 0	 (J)Ca000	 moWo$CLo ___

0) a,	 ClC	 0	 C	 0) C	 —	 -	 0Cl	 0	 -Cac.^	 a,	 Ca
.C	 a,	 &Q)	 J)	 Cl)

°
a)	 _	 .	 Q)cn	 i52°

LU	 E	 C0°00).E	 Cl)

C-)	 o	 E-0	 >	 w- 0a,0Ca	 ••	 C	 U)	 a,
-	 E2	 C	

.	 2'-Ca	 Ca - 0C	 2
0	 U)0	 Cl)	 '	 Ca).W'-	 —E	 '-0)	 ()
(I)	 C	 $'o	 - a,	 '

•Q	 -0j 0))< C	 o	 cn	 (0
C0 U) 0) gCc

E	 E2	 Ca	 0)
too	 o' a,(0C0a, a,-- -	 Cl))	 C

0)	 Ca	 Cad)	 G).0 O5	 C	 -
°	 -^

____ ______ <0	 &)5 a,	 0	 _i	 w	 a.

'-	 -	 a)	 j5

-	 -	 .L	 l_
LU	 a,	 a	 a,ww	 a,

-C	 CCC	 C	 •-C	 C	 C(J)a,	 (/)a,C/)a,U))	 (/)a)	 (/)a,	 (I)a,	 (1)0)
(9	 (9	 (9	 (9	 (9	 (9	 (9	 (9	 (9

0
U,



LU
I-
U)

LU

U)

C.)
LU
U-
LI
LU
—j

I-z
LU

z
0

>z
LU

UI
C,)

0

LU
I-z
>-
>-J
0
U)

U,
N

z
LU
0.
0

Wa)

C.) 0.

Cl)
I.-

c1,

()	 .	 C

	

cø	 .2
o a,-

0)
C

___ ____	 ___ 
uE ___

-

I-J	 —j	 —J	 1	 —J	 .	 -	 —J

0)4.

4;	 g <
z	 z z	 •	 c'j z	 z

< <	 r—

C.

4;	 4;	 °
z	 c	 z z	 .	 '- z	 .	 E

C	 ç-j
o___ ___

a)
C	 C C

	(a 	 Ca	 CaCQ.0

C	
000)0

o	 •0	 _.o0 Ca
o.9

	

0	 ,,(OCI)
I.0	 CCI)	 —	 a)	 a).
C •)	 Q.

	

(a	 •0(1)

-J	 C 2'	 0	 - (1) ....	 .0
P Cn •—• 0	 <
Cl)	 °'€	 <	 a,C0o.	 C

C.)	 0	 .	 .	 .0	 2=	 S
- Co	 -	 a)	 a)	 0	 0 5	 .0

$2	 .	 .9	 C	 .9
Co	 00)0= ca	 Ca	 0	 ^'uj0) .9

'

	

0)0 a)C a)	 a)	 a)	 )Q)0 COC	 )

_____	
it	 it i-it.2 j ca it

E •	0 .	 C	 0	 -	 CC!)	 C
	ca 	 0.	 a)	 CO5	 .0

C C	 -	 C

	

-	 -	 0)0	 a)

	

Cl)	 Co	 >

• 2 	 '	
5	 .	

CO

	

0 Co	 (a COQ
	 a,

0	
>s	 •	 Co	 - >.

	

0 • 0	 C	 Co	 . .0	 Cl) 0	 o
	.0 	 .	 Co	 (0•0)	 0	 0.

	

'	 2	 0<a).?
o	 CO	 0)	 C	 0	 CO	 0

(I)	 .	
E

	

. E	 0	 .-	 0	 _	
0	 .- >	 -	 Co .	 a)

	

0	 0	 .	 .0	 0	 C

	

Q.a)	 2

	

U)	 Co	 (0	 CoQ) COW	 C	 s.
C	 Cl)	 0	 0	 0-- 0	 OC o	 C0	 C)
C) • .	 0.> 0.	 0.	 0.	 0.	 0.>	 Cl)

a)	 •ca.
___	 OcoQ O.O Oa)Oa..0	 E

LU	 '-	 a)	 (1)	 a)	 a)

	

(I)	 Cl)	 Cl)	 Cl)	 Cl)	 Cl)	 C/)	 Co	 C))

	

cC	 cC	 CC	 cC	 (C	 cC	 (C	 CC	 CC
it

CC	 CC	 (C	 cC	 (C	 CC	 cC

LU	 .5	 .5	 .5
CCCC	 CCC	 C	 —C

(1) 0)	U)a)Wa)U)a)U)a) (/)a)Cl)a,(/)a)	 (1)	 (fla,

0	 0 0 0 0 0 0 0	 0	 0

LU



w
I-
U)

Ui

U)
I-
C)
Ui
U-
U-
Ui

I-z
Lii

z

0

>z
Ui

U)

LU
U)
x

0
LU
I-z
>-

>
-J
0
U)

14)
csJ

z
Ui
0.
0.

a)a)	 a)a)	 a)Q)	 QJa)	 cDa)
.	 .	 .	 .

52	 20.	 00.	 00	 00.	 00.

	

E	 E	 E	 Eo	 'ta)	 a)	 a)	 a)
t	 t	 t
0.	 0.	 0. .	 0.

LU	 Ct	 Ct	 Ct	 Ct

"C
(t Ct	 Ct

C)	 ' .-
Ct	 0 Ct	 0	 0	 0
0	 oa)	 ow- ow- ow-
c^ EC.? EC

.9' 0	 .2t o	 o,Ct3
_________ ____ C/)oE WoE WoE CE

r
9)	 9)	 9)	 .9)	 .2'

0)	 0)
'0a)	 a)	 a)	 a)	 a)CL:

z	 z	 z	 z	 z

Z

0
0)

.	 Z	 0	 C'.J	 Cr) (t
o	 c'.j	 N-	 N--

C
a)	 øC,,	 •	 .	 -

C	 C	 C	 C0	 Ct	 .Ec
-ct	 Ea,	 -C
''-	 C	 C.0	 0	 0	 0	 0

a)	 U)	 -	 a)
0.	 0.	 0.

'0Ctii 0	 U)	 CI)	 a)	 a)U)	 '0	 '0	 '0	 '0
00

'0•- . '0	 -D .	 '0

	

Q) Q)CUCCI a)Cfl	 a)Q)	 a)U)	 U)

0 (t	 Cto	 E	 a)	 -°-)
cO	 •5	 -ctC 0 0 00	 o

___ _______ ___ .°'w
0C	 O,? cn't° C1)C	 CCI	 Ci)

0)>.	 (	 U)	 C •D	 C	 0)Co CI)-C	 °	
E

CI)	 ci)

	

OCl)CIJ	 0) 0	 .	
C	 a)C	 ciE—a)	 .0	 (tj	 C	 0	 CUi	 0

LU	 20)	 E	 .	 a,E
(I)	 >s.()	 0)	 '0°) CQ CIC	 0. 0	 cs

D)

	

cn	 ct2
I)	 CCI	 U)=

U)	 (Ut0.0	 -•	 0.	
-	 (flCC/)	 0

D)U)	 0.
c'	 :	 o	 '	 —ECD°)a)	 CD)	 a).-U) '0 (CI.-	 0	 .c	 0	 - 0.	 0.gor	 tct	 U)___ _________	 (I)	 Ct	 (t._

___	 0.2Ct W	 ).-D)o Z-o n.
CCI	 (U	 U)	 U)	 a)	 a)	 a)LU	 e)	 00-)	 a)	 ow	 0w0-)	 C))	 0)	 0)	 0)	 0)oct	 o	 DCCI	 Ct	 Oct

(l)	 qU)	 qC/)	 (0	 (1)0)a)	 a)	 w	 w_______ ___ ___ ___ ___
cr

LU	 G)	 U)	 0)	 a)	 w	 a)	 2C	 •-C("C
0-)	 C/)	 C/)	 U)CI)	 (flU)	 (flU)	 O)
0	 0	 0	 0	 0	 0	 0

c'.J
I.C)



w
I-
Cl)

0
w

Cl)
I-
C.,
Ui
U-
U.
w
-J

I-
z
Ui

z0
>z
L

(I)

Ui
U)

x0
Ui
I-
z

>.

-J0
C,,

In

ID
z
Ui

0

-
a)	 a)	 a)	 a)	 a)	 C)

-a	 -a
a)	 a)	 a)	 U)	 (1)	 U)

z	 z	 z

z	 z	 z	 z	 z

0

N
c'.i

cq
__ ____ ____ ____ cy)	 ___ ____

Ca	 Ca

a)	 a)
Ca

a)C	 C
a)	 a)

Lu	 Ca	 Ca
Ca2	 C	 Cl)	 U)

LU	 in
a.	 Ca	 Ca

o	 a)	 a)	 a)

Lu	 a

f	
a)

V .	 -aa)Cau)	 a)U)	 IDa)	 (Dq)
CU0

Ca
___ _____ _____ _____ _____ <C <C

E	 in
Ca

a.CU

a?

Lu	 -o	 Ca
a)	 U)	 -6
U)	 U)
CU	 Ca	

a?
-	 a.	

E
C)

U)	 a.	 2	 -9-	 —0	 0
a)	 a)	 a)	 a)	 a)	 U)
(I)	 U)	 Cl)	 U)	 Cl)	 U)

a)	 CD	 CD	 Ci)	 a)Ca
U)

___ ______ ______ U)	 Cl)	 ____ CJ)

a)	 a)	 a)	 CI)	 a)	 a)

LU	 G)	 a)	 ea)
a)	 a)	 0)	 0)	 a)	 a)

OCU	 0Ca	 Ca
U)Cl)	 U)	 U)U)	 U)	 U)Cl)	 U)

a):)	 a):)	 Ii):)	 U):)
___ a:	 a:	 a:	 a:	 a:	 a:

-	 -
Lu	 a)	 a)	 a)

C Wa)
(9	 (9	 (9	 (9	 C!)	 (9

LC)



Iii
I-
C',

w

'I)
I-
C-)
Iii
U-
LL
Ui
-J

I-
z
Ui

z
0

>
z
Ui

C,)

w
C,)

0

Ui
I-
z

>-

>
—J
0
U)

x

z
Ui
0
0

a>	 -
—

o m -
2	 1U)	 0

	

a	 a>

C.,
2

o	 cI•211	 -

0.
E0

Cl)
Oo 0

___ ______ ______ ___ ________ ___ ___ -
-

	0) 	 a>
11)	 0)

	

V	 V	 —J	 V
a)	 a>

-J

pz z z

z	 z	 z

>'
	C\J	 0)(/)	 -

-	 0	 Z0c'Ja)

C)
-	 C

-
C•

E
	a) 	 t3)Q)	 Cl)

C)
Lu	

CI)
Cl)

	

(I)	 C
o	 2.o	 0	 0	 C	 CCI

	

0)0-2	 CI)	 CI)	 CI)
	Cl)	 C)	 0)COC	 QC	 (I)

ow	 00)	 a)0	 C
	0) 	 CI)	 -	 - a)	 - a>	 '- a,

	

.0	 .0V

-	
a)	 a,	 a	 wo0 >	 0 > 02 V c-

0	 — —	 — -
V..)	 .a>	 •0.	 f34)0)	 a)C	 CD5

CC)	 co2	 Ca>
0). WV

C
___ <C	 <..	 ZOoZOo	 ZOoZo

^' -

	

E	 a)(CI

u	 o

	

2	 CI)
V

Cl)	 —	 WC

	

(I,	 (CI	 C>,0)
(CI	 0.
-	 '4)	 '6C	 °a>

C	 C	 a>	 wa)	 4-

c	 E
Cl)	 (I)-	 a)	

>

	

4)	 a,	 CI)	 0	 •—C)	 0>	 E2
0.	 >
E	 o

	

___ c5	 _____ Iii i	 z ___

	

a)	 a>	 a,	 a,	 a>	 a>
Lu	 2a)	 0	 0	 0	 0

D)	 0)	 C	 C	 C	 C	 a>
oa

I—	 C

	

____ cc	 cc	 ____ ___________ z	 z	 -

Lu	 a)	 .	 .	 25	 5	 a'C	 C	 (I) 
C	 C	 CCl) 0	',,a,	 a,	 (Ow	 (Oa>	 U)

0	 0	 CD	 0	 C!)	 0	 0

LI)



LU
I.-
C/)

0
LU

Cl)
I-
C)
LU

U-
Ui

—J

I-
z
Ui

z0
>z
LU

U)

LU

U)
><0
Ui
I-
z

>-

>
-J
0
C/)

U,

C%1

x

z
LU
0.
0

C,)

a)
E

I.-
a)

Lu	 Cl)

o

C.)
a.

C/)
a)
a)

____ C,)'

.	 <

z

.—.

U

.	 a) (I)

Cl) C	 0.
wa)Q)

'Ii
C.)

LU

o	 Ca)
LU	 C.)	 CO

o

C)

C.)	 .

.	
$

____ Lu .D a)
a)>'

.0

a
a)
cC,

LU
C)

t
0
C)

0.

____ ODE C/)

LU
a.

I-

CC,
Li
ID:

0

U)
u)



U)

I-
z
LU

LU

a
LU

LU

I
I-
0

—j

LU
—j

LI
0

LU
I-
Cl)

LU

LU

U)

0

LU
I-
z

>.

>

0
U)

cJ

z
LU
0.
0

=	 I	 =	 I	 I

a	 a	 a	 a
Q 0	 0	 0	 0	 0	 0

—,	 -	 -,	 —

0.	 0.	 0.	 0.	 0.	 0.
:3	 :3

2	 2	 2	 2	 2
cflc	 0	 0	 0	 0	 0

>	 >	 >	 >	 >	 >C	 C	 C	 C	 C	 C
_uJ	 uJ	 w	 uj	 uJ	 uJ

(DCC	 U)	 a).
cV0	 ci)	 (flU)	 .CG)U)	 OC

-(I)	 a)	 —
LU	 a) U)	 0	 ci)	 U)	 Cci	 C 0 Cl- C
-,	 U)O>U) 2	 a)

	

.C(cia)	 U)	 (I)	 CcciC0	 0	 0
r	 OCcicn.-	 QCC 0.
•.	 (flC)QQ)	 .	 0.	 0.	 >cii	 0ci

•	 (DC-U) 0	 C	 C
o	

Ed
CJ 0	 '- — 2(ci	 (	 U)0)

E	 E	 C	 Cci)LU oo
U	 C

	

o	 ci) 0	 C	 C	 oO 0	 (ciC a) 0
._ 0	 0	 0	 a)	 U)EC C

LU	 o —	 —	 o

jj	 —	 2.	 C	 C	 C cci
>3	 >	 >	 a)	 Xci)

	

U) E C	 a)U)	 a)	 a)	 U)0	 cTjC20
oo	 i5	 E2

o.	 ____ i— o.	 0E0.U)=
0	 a)C--

C0
(ci	 a)

CciE	 .

Lu	 O-	 cci .
Cl)	 (D00	 CciC o

>0	 U)Ca)
cci.
.0	 a)

U)	 U)	 0=	 U)(j	 C	 C	 5a)U)
0	 0	 a)0.	 0).—CQ)

OC	 0.cci
I...	 ^..0	 c	 (ci

0.a)	 0)	 0)	 a)
-o E-° 

W0.(D	 C	 0<.-
a)	 a)

-	 >0	 0	 >0	 WC>	 ' <	 2 c .0	 .0	 0U)a)•
- ci) C Cci

U)
o	 -oU'WOOE C	 C

a)	 ci)	 U)0
E	 E	 .C<	 O.-C
< ___ <	 I— W	 C/)0.Cci

N-	 N.	 C)	 C)	 cj
o	 N.

LU	 C)	 I.e)

CD
C)	 0)	 C)	 C)
C)	 C)	 C)	 C)	 C)

=
Cl)	 Cl)	 Cl)	 Cl)

C	 C0U) C0	 C00 C'C	 C0U)0	 0CC 0CC OCZ 0	 0CC.(ci0	 (cia)	 (ci
o	 cn	 cnE •	 C

0	 0(ci	 0(ci	 2E	 2	 °'- U) 0)a)
ci.	 Q0-a)	 0.0.0 Q	 a)	 Qa)w.

oo:—I	
<<	 a)	 2	 )

c'	 C O	 C C	 C C	 C C - C) C .9 __	 C -
ci) •	 0—	 —a)0C

- Eo	 E	 E.0°o
I-.	 CC)	 C U) C	 5 U)
U 2	 o2

5 0CO	 Ca)C) a) C-.-WC)C_w<	 uwwwwc
C.) 0	 0	 0	 0	 0	 0
2

C)	 (0	 N.
•:	 C)	 C)	 C)	 C)	 C)	 C)
LU C)	 C)	 C)	 C)	 C)	 0)

1	 1-

(0



U)
I-
z
w

Lii

0
w

w
x
I-
0

-J
4

Iii
-J

U-
0

IL'
I-
U)

0
w

U)

Ui
U)

0
Ui
I-
z

4
-J
0
U)

(0

x

z
Ui

C-
4

I	 =	 =	 I	 I
a:	 a:	 a:	 a:	 a:	 a:

O	 0	 0	 0
C)	 0	 C)	 C)	 0	 C.)

LUE -	 -	 -)	 _)	 -,	 -

a.	 a.	 a.	 a.	 a.

o	 a	 a	 0
2	 2	 2	 2	 0

>	 >	 >	 >	 >0
C	 C	 C	 C	 C0

_w	 LU	 W	 Lii	 W	 ______

a)a)	 0a)G)0	 cDt

a)

U)	 —
Lu	 .	 C1	 C')

'I)	 caca0a)	 ->cca	 Q

	

C	 0	 0	 CO

B. B.	 •'-V
i:	 V

C')	 a.	 .0C.ã	 0	 00.
C	 Coa.G)	 C	 C
0	 0-acaC"	 0

C')	 002	 OV	
0ca a)

Ui	 E	 E	 _-C•_dJ	 C')0	 C.- CO
OC

	

a)	 C	 aca•-	 Ec Ea)
VCC	 VO

CC'
-4	 (1)	 C 0	 0	 a) a)	 a)Ecoa)	0VICa	 Ea)

>	 Caa)V(a o_5	 a)	 CC

	

or-	 -5
_<b	 a	 I-a.-.	 ________

0	 a)	 .-05	 'CCWa)
0) 0 CU Cl)C	 .0	 0)a .0 .2	 -	 Cr)	 0.	 3)	 0

00	 C)G	 0CC	 t	 0-	 .
a)	

a)

.	
•:0

t	 .2	
D	 Cl)

•2 E-.ca)	 s-...	 OV	 0
C	 i... V Cl)

a)0	 EC
C) —	C	 00

C)_<.0 Cr)	 2	 CU
-.	 a)

E
oo	 C

V
Q)0

.	 •.E
H

c'j	 '-E-'	 a)

-	 -WVE	
oO	 ')<	 2.

V '- v	 Cl)	 c . E	
Cl)	 . ..

a) a) (U Cl)0)	 a)jj	 0a)..
a)C)	 a)0	 (j)C)	 o)	co	 Et C a) ii)	 _ C)_______ _____ <.ao	 I-a:cr)ca F-as	 I-a:cacaa.--

cj	 co.4.	 r-	 Cr)	 .--	 ..	 N-
LU	 (0

r	 r	 -
3)	 3)	 Cr)C)	 0)	 0)C)	 C)	 C)	 3)	 3)

:	 -
Cl)	 U)	 (I)

CVO)	 C'0	 CV	 CV	 CV Cl) CV
0CC	 0 C	 OC	 OC	 OC C) OC

	

.2	 0	 CU	 CU	 a)	 a)	 CU
.	 0o	 a)C')	 CU	 a)C')	 0	 .h 

a:
2	 2°	 20	 2	 2	 0

	

0C)	 '-	 C)
0-a)a)C'J	 Q	 a)	 ->a: o C	 o CC)3)_...	 C)s..	 a)	 _..	 a)0)

j	 C.-n	 C.--cU	 E	 P-	 E

	

Cl) 0)	CC	 C
a)	 Cl) C	 a) a) C	 a) I	

C -	 o C V Cl) V	 V Cl) V (I)Ca)a) a)C Q)a)a)CC
EE.9	 E.aa)	 E.a°Q).2

C)	 2°'

	

0)Ø.	 a).-. -
5 - C)	 5 E C)	 5 - E C)> - E 0)> .0 C) > -a) C	 C	 a)C
_______ wa:- _____ _____ _____ _______

C-)
0	 0	 0	 0	 0	 0

2

C4	 Cr)0)	 0)	 0)	 0)	 0)	 0)
Ui	 C)	 C)	 0)	 C)	 C)	 0)r.	1	 r	 r

N-Lt)



U)

z
Lii

w

a
w

wII-0
-I

w
-J

U-

0

w
I-
U)

a
w

U)

Iii
U)

><
0
w
I-
z

>-

-J
0
U)

CD

cJ

z
w
0.
a-

I	 I	 I	 I	 I
cr

0	 0	 0	 0
0	 0	 0	 0	 0	 0

LU-,	 -,	 -,	 -	 -,	 -,

a.	 a.	 a.	 a.	 a.	 a.

2	 2	 2	 2	 2
a	 a	 a	 a	 a

>	 >	 >	 >	 >	 >
C	 C

_uJ	 uJ	 Iii	 Ui	 Ui	 Ui

:	 .	 .-	 -	 -
a) 0	 a) D	 (j) 0— a,	 w

(I)	 Q)	 2'	 2'	 2	 Ecot,
a	 u, a,

0	 0
0.	 -	 -	 -c

0	 0	 0	 0•E:EU)

C.)	 .	 a.	 cn	 .co	 (0co

'-

o	
0	 0	 (OQ)

-	 WEE	 .EE	 WEEI-	 .	 a)(a	 C

LU

0	 .2	 a.

a. V
g —	 —0 C

	a) 	 .-	 .2

C	 GO
Ca	 (a of	 oE	 2-	 -	 0-	 0-	 o-
a)	 a)	 a.	 a. a.	 a. a. 0 _ a. C

(a E a. o__cr	 ______	 _______ <	 UJa.cao
a)	 V > .J a) C V	 0 C (0 V	 Ea)c.aca	 W0'-'cOW	 (DCC	 a)2

a)
Cl)	 Cl)	 — Cl)

cOcO0	 (1)

(I,-	 a)C00	 jVO	 W0
a)	 .-a. .-'CO	 (OX

o	
c	 V	 o	 a)	 Cl) .- VO_ -c 00
0	 CE_VEg	 Oao

(I)	 ECO
(u-c	 cu	 (O	 ca	 WC

0) C
—	 a	 2Ccoo	 C	 0

a. .2 .a)	 0(O.0a.
COE

a) c 0 a.
C C C	 - a)

0
E —

ca	 >(aWW	 >cocaW(aC	 (O

-	 °-2E	 28
_____ ______ oa)EEE00W°_________ ___________ ___________ _____________ 	 C OF- a. (a

r-.	 CJ
LU	 çj	 ,-	 N-

N.	 N	 GO

C -	 - 0 • (I)	 CD V	 U) V	 (1)
(a _Cc	 w	 -=.2

0	 a)-c	 •Qg_..	 IL
0 S	 E°

2'	 C	 --
oQ•	 0

-J	 0	 0.	 V	 — CO
0	 - -	 X	 (a

W o

	

U)	 C'.-	 CQ)	 -0
C-cODCl)	 0c	 ow

U)CC cCOW0a)
E-a°a).Q 0a)Q0(aC	 E

I—	CE	 C000W(O0a)	 •(I-Q
C.)	 0Q<-	 Q'.0)	

-i-	 2	
V

wE	 Ca.
0

.c
a.o	 CO	 (a0)

_WCflWl)<<I	 <00	 <0 00.

0	 0	 0	 0	 0

IC)	 .	 ,.	 .
0)	 0)	 0)	 0)	 0)	 IL)

LU a)	 a-,	 0)	 0)	 0)	 C)
>-	 ,_	 1	 1	 1

IC)



U)
I-
z
LU

LU

a
LU

LU

I-
0

LU

IL.

0

LU
I-
C')
0
LU

C)

LU
U)

x
0
LU
I-
z

>
-J

0
Cl)

CD

CsJ

x

z
LU
D.

=	 =	 I	 I	 =

0	 0	 0	 0
0	 0	 0	 C)	 0	 0

-	 -	 -,	 -,	 -	 -

a.	 a.	 a.	 a.	 a.	 a.	 a.
Q0	 0	 0	 2	 2	 2	 2

C	 (5	 (5	 (5	 (5	 (5
>	 >	 >	 >	 >	 >C	 C	 C	 C

_uJ	 W	 LU	 LU	 UI	 W	 UI
	c 	 •

E.0	 •	 ci)
a)a)o
x.C.C_	 U'

a° oa'	 U'
.cEE	 U)	 a) a.	 ci)	 a)C>W0

C"	 "2EE-	 2aQ	 a) >	 c_cC 2	 a)0($	 E.
(	 CflQ)0 U).c0a.	 a	 _u

'E	 0Oc a.	 t,C.	 a.
- .2	 ,-	 - a

o	 -u'?	 0	 0
I-
LU	 .cEa	 E	 E	 cinC)a.g

•2

-0 ..- ) 0LLj
-.j	 .aO•- -	 wC-

>
t	

0.	
-a	

C' • -a	 0	 cci

ccicci_- 	 _	 _______ _______ ___________ _____ _____ ____ ________ _______ 	 cci0

-
Ca..-	 W00 0U'C1U)

E	 E.	 >	 E<
a.	 a.

Co>-a	 Ea.20 .aoa.	 00	 E	 c0	
•_,

-.	 .0	 G)C
2	

°U'

O Ea. c	 -	 CU°•	 Wa.
U' Q 	aCCa.>	 0.	 Cac	 E—o

0cnE2	 00	 Ec°
0 E 2	 C)

CU	 Ca)	 a)caocU
0	 Ca.>fa	 9E
cc	 Q	 Ct	 —o.2	 2°-ac,w w a.Ca a)

....	 Eci,	 0>,
.?a'CC U) .^ -öC	 a)	 a).-c	 CflCU	 U'a)	 C00	 U'

a)t 0	 a)-0
CX

_I-ocol-.00 ____ -U) H0Ca.?ZQo	 Oaa.oO.
0

cc CO	 a)	 LU	 N
CJ	 w	 -

a,	
C')

(0	 CD	 N.
(0	 CO
0)	 C)	 0)

-	 a
U) U)

C')	 C
0	

cij
cci.2	 .2

CO.	 U'	 -a0	 CE	 0	 U'OCO
w	 2.x	 a)X	

C)-	 E'
0)	 0)	 t	 <.2	 -

1
LU	 ' U'	 C
cc •0C<,,C	 0C)•	 ci)

<E.9	 0	 'C	 a'	 .2	 Eo
I-	 -	

CC)00)0 c
.	 ccia,cciE EC	 a'	 >_	 cDt0.CUW.-CQ)	 00O0	 .a)	 co
_0000 o-,00 <n	 w<	 ______

C.)

C)	 0)	 N	 0)	 0	 C')
CD	 CO	 a)	 CO	 CO	 C)	 C)

LU	 C)	 C)	 C)	 C)	 0)	 0)	 0)
r	 .-	 -	 1

0)
In



Cl)
I-
z
w

uJ

a
Ui

Ui
I
I-
0

—J

Ui
-J

LL
0

Ui
I-
(I)
C,
Ui

Cl)

Ui

Cl)

0
Ui
I-
z

>-

>
—J

0
U)

V.0

cJ

x

z
Ui
0
a-

=	 I	 I	 i

cc	 cc	 cc	 cc	 cc	 cc

0	 0	 0	 0
C)	 0	 C)	 C)	 0

Lu-	 -	 '	 -

2	 2	 2	 2	 20	 0	 0	 0	 0>	 >	 >	 >	 >
C	 C	 C	 C	 C

_____w	 uJ	 uJ	 uJ	 w	 w

2E	
..—-

E
a)

-	 >.	 C	 a)G)
C a,

V.

.	 o0	 a,	
a,cCa,<_	 o>cc—.	 0	 G)C.-.

	

-2	 crZ
a,	 C

'	
Vø	 Ocr.-..-Vr.-.	 ma,.ci) .c2	 •5.?c	 ,cc...o0	 0 o-	 U)	 2-	 -	 (I)LU	 E	

.	
C -oo. E

.20E	 wwwaa,	 ci,
CC 0	 C

LU	 caa,Cra,	 ca•	 D).2g

LU a,E	
t a, 0	 Vc1... LI

cc	 .	 w05.	 we.-...	 <o VE'	 °
c	 -a,E.5	 a)oca,oa,oc .c	 ..	 .CC0________ F-.-.	 ________ l-0...._.0_I—	 I—ctoc-

a,	 0DVCIi	 I)C-a,a,	 cVa,V	 cflwcnc,	
-Ca,ca	 a,o

w	 .9 E 0 ci)
C)	 a,
LU a,.0	 E

	

0	 a)(I)	 •	 ac	 Q)	 2o C

	

)-00	 c>	 008 .w
a,co	 0ci

cc - -

	

ø	 .- 0 ca,2	 ) 0a,ci)	 Z 0) cci cc,

	

a,ajLG)	 '-F-a,	 a,o
—.5 	 car

Cl)
-	 g• a,

0 QC
o

> Dcc	 2geE CUC')- = caE°	 .-C.WCaci V	 0)	 cc,	 a, •	 ca-Cwa,
o

	

	
0a)c,c,Oa,U)>a,	 Cl)..	 -c0-	 a)ci)2 -c	 . _	 a, c	 E	 ')' ( a, -c - E— C1	 . .2	 S	 o. F-	 c o 0	 F— cc 0	 a, F- cci -c E	 F- c, cci

cc	 CD	 c'.j
cc	 '	 N
Lu c..J
tQ	 CD

C)

	

	 C)C)
-

(I)

	

	 C/)

CI)Cl)

.	 O)a,	 0CC
C)

00	 -c	 .5w	 -	 -	 a,-0i:	 tE	o..U)
<0.2
.-E	 .

(	 <.2
LU	 o-

	

a,co	 0)

	

ci N	 2 c)	 a,	 E - 0_
cc	 CU)

.5	 -	 a,.-	 -U)	 00— Q(1)
.CCciC	 0a)
F-Q.ca	 ______ ______ _____ ______ ____

()	 %_
a,	 a,	 a)	 a,

Co	 0)
C)	 N	 CD	 C)	 0)

Lu C)	 C)	 0)	 C)	 C)	 C)
r	 r

0
(0



U)
I-
z
LU

LU

0
LU

LUII-
0

-J

LU
-J
U-
0

LU
I-
(1)

0
LU

U)

LU

U)

><0
LU
I-
z

>-

0
U)

CD

cJ

x

z
LU
0
0.

i	 =	 i	 i	 i

L

0	 0	 0	 0

LU	 -,

c.	 .	 .

0	 2	 2	 2	 0
0	 CD	 CD	 CD	 CD

>	 >	 >	 >	 >	 >C	 C	 C	 C	 C	 C
w	 uj	 w	 w	 uJ	 uJ
-a)a) -=

a)
::,

U)	 U)	 U)
CU	 G)
> C

.	

C.	 0.
1

U)
	a) 	 a.	 a.	 a.C.)

.	 .2	 .2	 .2
	Cu 	 C	 C	 C

UOU)C1) U) E	 E	 ELU	 ,0.CCUC00	 W.20.CU	 o-
.2	 .2	 .2CU	 C	 C	 C

•	 CO.	 CEC)	 C	 .2	 .2	 .2Lu	 C)02O	 2U)	 -	 •-.-.1	 Q)CUW C	 C	 C
LU	 a	 Cu

>
ø(fl	

.?0)	 C -
0

____ ____ _____ _____ CC	 CC

C	 a)	 C C	 a) c C'i	 0)

Cucti
U)	 0€E...	 >C

Cu C CU

.a	
o0.o

U) C)
o 0	 C	 C

cu .0	 U)0	
EO.Cu	 taj

	

.	 0.C..a	 WC	 22•5
O xcticT3	

2

	

j	 a)
U)j3	 .	 W0)	

Ca) RU)	 CU

ci.!ø

z	 U)

	

C).?	 c.2 co U) D)
C C

	

a)	 >-C(U a)C -U)	 o.2—	 0)EU)
Q	 3	 CflU)0)U)0ECO 0(OU	 QJC)	 (1)U)	 s..

a)WctiU)WE0• CE2 CU	 .S2Z	 CCu.9W

	

ctiO	 .CCuCti.Ct	 U) 03
_I—W —3OE'S Oøc Hacu	 ______

N-LU
LU	 C)
cc

a)
a)	 Z	 Z	 Z
a)

C')

0>'
00)

00	
CUCu	 Cfl	 0)

C))	 0CC	 0)

> .
WCO	 CU	 CO

0)9)"	
.2	 > 0	 > o °a)U)CC	 C	 ..C)

0	 c
Lu	 ) CC)	 C.

cti .-a)	 .9	 °
(1)00

C)I-.	
:H3-	 (tia)C.)	 C))U)	 0

	

U)	 CU a)
' U)CUa)D) a,fl

oE	 ____ ZO	 ZO(/)

-
a)	 a)

Cu	 CU	 CU

I-.

C'J	 IC)	 CD	 CO
.l	 a)	 a)	 a)	 a)	 a)	 N-
Lu	 C)	 a)	 a)	 C)	 C)	 C)

1-

(0



U)
I-
z
LU

LU

a
LU

Iii

I-
0

-J

C!,
LU
-J

LL.
0

LU
I-
U)

C,
LU

U)

LU

C',

0

LU

z

>
-J
0
Cl,

z
LU
0

=	 =	 =	 =

a	 a	 a	 a	 a
C.)	 C.)	 0	 0	 0	 0

Lu	 -	 -,	 -,	 -	 -	 -

a	 a	 a.	 a	 a.	 a
2	 2	 2	 2	 2
a	 a	 a	 a	 a

>	 >	 >	 >	 >	 >c	 c	 c	 c___w	 LU	 LU	 W	 LU	 UJ

oø	 wac
_o	 -C)ctci)
>'

	

E	 CC(	 _oa.o
U)	 a. a	 a,°o-	 w

	

ci)	 >	 U).^CU0	 U))-.	 U)	 o	 a6a 0..	 OU)0 a.0V
I- (DC)	 -	 5()	 a	 (I) a	 .a '- cci	 -	 .- ci)

ccj a.-	 .
c	 =	 ->'o.2	 •	 ---

Cci	 V2c	 ("Cci>	 a
a)ci)	 -

Lu	 E	 • U,
()	 or0	 2	 - °'	 > ci -a

U).5a'" :	 O	 (ci0a.0
o V LU I-	 0) - -	 c	 a- a.	 V ELU	 0	 ZQ)C.Cc,) 0

a)

> •>
-	 (DU)	 C)	

-
ci) 0)-- Cfl	 j,

C)	 ci) . - - Cci
_______ _______ _____ ______	 -.=occi_a

t - c	 a)ci)
0 0C)

Cl) cii	 -	 cn .	 a. _	 o

CI	 •Q5wU)W.!

o Cl)Q) C) EQ
Cl) ci)-	 -a	 -

a	 c,

2a)

ci)	 -

E

	

	 VV

--EO.. Cc,,C)

	

CflV	 U
Cci (ci C •

(DWEC
_fl	 E-	 V-o • E gC)	 Q)(ciC

c	 C)	 C)95	 oo,=zc Ccia.	 Cl)	 C
o	 :E . ,	 ci)	 -C 0	 - .c:; 0 i,	 (ci	 -

_Oa, c,,	 t-cfl.a	 _____ _____ ____ _______

C.)	 0)

z	 z	 z
r-	 C/)

O5	 t	 c
.2	 .2

o	 .U)
.2	 .2	 a°'	 2

0	 (.0(l)	 a
C)	 C.)

-a
LU	 c	 cci	 °

°	 E	 Ed
-V	 CC)co	 -	 a,	 2	 2°'C,,	 -	 C	 - ci)	 ._
CE	 >

0	 0 ,	 0	 0	 C C.)
— ______ 0.-	 0..-	 0	 0-...-	 W<

a)	 ci)	 C)

Cci	 CC	 CC	 (C	 CC
U)	 (.0	 0)	 Cl)	 (.0

Co	 (.0	 Co	 0)	 CD
r-	 N-	 CO	 CO	 C)

LU	 0)	 0)	 0)	 C)	 C)	 C)
-	 .-	 .-	 7-	 1

(0



U)
I-
z
w

UI

a
UI

w

I-
0

-J

0
UI
-J
LI
0

UI
I-
U)

a
UI

C;)

UI

U)

0

UI
I-
z

>
-J
0
(0

(0
c'J
x

z
UI

0

i	 =	 =

0	 0	 0	 0C)	 C.)	 C)	 0	 0
Lucc-	 -,	 -	 -'	 -,

0.	 0.	 0.
2	 2	 2	 2

CD	 CD	 CD	 CD

>	 >	 >	 >	 >
C	 C	 C	 C

UJ	 W	 W	 LU	 W

	

CO.)	 CC'J
.2-

- E	 5
a)C

a)	
C)	 Cl	 0	 o>
Cl)	 a)

	

OQ)0	 Q)(	 Cl)
.	 0

2-	 a)

()	 a)	 LU -	 a)	 00 0 Cl)

(l))	 ca •	 0.	 0.
C	 >,a)•

—	 .2

a-
Lu	 E	 E0a)

•-(	 O)a)CO)

Cl	
W0_E

Lu	 a)0.-.	
.	 0

.._	 a)
C

a)
-

Q)D
•-a)a)	 D0	 -

°2
O.a)0.q)W a)C1)a)	 o	 >o

Cl)	 Cl)	 .	 C-C)	 C)2a)
>a-a)	 owCCl	 aJ0Co	 C•a)>ct	 ''ãwEC	 °.Co-	 a)E'gE '	 a	 a)C.0

1iu .-.—	 o(n.a.._a, 0)	 °0)
t0.

cn	 Cc 2O (a	 ca wca	 oCagca)

	

c	 C)	 .CCCOc-_QØØ>	 cr3C)°o'

	

C	 0C

	

0	 a)_(ØCl)caO- .a)O-Ca0Ca)	 Cl)caCl)	 ø.

E 0g
a) 0)C)	 CaC C 0C Cl) Cl) 0 a) -

-	 Gi	 0 — C.)	 CG c1.=-.-. Cl) cu5	 iE-s	 w o -o co

C)

cc (0
Lu z:	

C)

C)	 cJ

C)	 0
LU

U)	 Lu

-	 C)C	 C(fl	 a)-
0)

o	 ca.E
j	 OW 0$Lu>	 a)CG

C	
°	 -

cc
N	 0	 0

I- =-a)-
()

>:C)	 CC)
OW

()	 a)	 a)	 a)
.;	 .	 Cl)	 U)

1	 ('4
.	 C)	 C)	 C)

Lu
1-	 1_	 1	 1

C)
(0



Cl)
I-
z
Ui

Ui

a
Ui

Ui
I
I-
0

-J

0
Ui
-J
LI..
0

Ui
I-
C/)

0
Lii

U)

Ui
U)

x
0

Ui
I-
z

>-

>
-I
0
U)

'.0
cJ
)<

z
Ui
0
a-

i	 i i i
LI	 LI	 LI LI	 LI LI LI

0

Ui	 _,

a.	 a.	 a.	 a.	 a.	 a.	 a.

2	 2	 2	 2	 2	 2
Cc	 0	 0	 0	 0	 0

S-I>	 >	 >	 >	 >	 >	 >
C	 C	 C	 C	 C	 C	 C

LU	 Lu	 Lu	 LU	 Lu	 LU	 LU

a.'-a)a,o	 caQ)WCCflCa	 -	 =
.C.0Q)

>0 >
-

Co	 Co
a'	 a'	 a'

Q) D0 Co	 Co	 Co	 E
a' 0	 0	 0	

Co
I_	 0o0CoC CoC	 ai
()	 LLJ	 a.	 a.	 a.	 o	 •

C	 C	 C>'a'5	 U)	 .2	 .2	 2C:)	 0	 ,,

L	 E0a,'.	
0

E	 E	 EThE	 C...Co	 L.	 .-	 -	 0
ca)	 .2	 .2	 .2	 -
00	 CO

.	 .0	
°E	 Ea'

w	 —o .w	 .Ec	 .a	 .2	 .2	 .2
>.O

cc	
•	 C	 CU

W-00>	 >	 >	 >

2	 2	 2E
a'	 U)	 U)o	 a.0C CU

_______ ________ ___ cr	 LI LI. (f)

•_Q)	 .2	 a
0<	 Co' Coa	 cai ><CoLJJ•	 2	 C)	 a'	 .2

0	 -	 a.o
Coa'(U	 C	 - a'_ 0	 Cl)
CoQ6	 0
CU O _C	 .U)	 —a.(1)	 aC Oo	 ...E	 oco	 °a.

.U =0 a)	 a. :j U
Co!E a'	 0_	 Co	 .2

cc	 C'.))	 C)	 >.'-
2	 a'— CU

0	
(UCo-.'	 a'C	 a'

)	 c0	 U'CEcg	 -I-	 a'	 a)oa
Co0CUa'	 2C

a' .	ta) a.5 a.o
.CX	 ca' '-a,E	 a'

i-E.0oEF-a' i—a..2o<	 Cflo02
N-	 (0

cc	 c'	 (0	 N	 c'J
I..	 0)	 CJ	 LU	 LU

r

0)	 0)	 0)

0)	 a)	 0)
1	 _	 -	 1-	 1-

C')	 U)

.	 .0.2	 Ea'	 E	 h	 i-2
0)'J	 a'0)	 a'CU	 a'C	 _J	 0

D)Q)	 0)'' •i	 E '	 E	 E LU	 C
.c	 a.cn c•a) ca'	 9

coco	 a'
a)	 cj	 0)1	 D

2	 E
Lu
cc	 U)

C U)	 a)	 CU	 .

i-	 2	 .
C)	 U)	 U) U)	 a' Co	 a) Co C)	 ) Co	 CU

CoCU) -C
W0WLI	 a'Ova'30)CUCU

- I	______ LIJ	 -&OHQ

C.)	 U)	 9	 CD	 ID	 U)
Co	 Co	 Cl)	 CO	 (I)

cc	 ..	 LU	 CC)	 CO	 (0	 (0
•	 0)	 0)	 a)	 a)
Lu	 0)	 0)	 0)	 0)	 0)	 0)	 0)

Co



U)
I-
z
w

w

0
w

Lii

I-
0

—J

0
w
—J

LL.
0

w
I—
U)

0
w

U)

ILl

Cl)
x
0
w
I—
z
>-

-J
0
U)

CD

z
w

0

=	 I	 I	 I
1cr

0	 0	 0
()	 0	 0	 0	 C.)

-,	 -,

a.	 a.	 a.	 a.

Q:2	 2	 2	 20	 0	 0a)
>	 .	 >	 >	 >
C	 ..	 C	 C	 C

_LU	 0	 w	 W	 U
d, C _ 	 Q)C)C
.00

E -w
a)	 a)	 a)

C/)	 Cl)	 Ca2>	 CCcr.	 a	 0	 0	 .Z5a)CO0
a.	 a.	 a.

	

.	 '-
a)	 W0EEE	a) 	 a.	 a.	 a.	 0

C	 C	 C
.9	 .2	 0

LU	 E

C	 C	 C-

C	 .'
"	 D)	 (U
CC	 WO	 EotCa Ca

a)	 a)	 -
O	 -	 a)_Oc< _____ _____ _____ ______Ca)a)	 C	 OC

0 Ca.Ca,
ci	 Ca)OCU

cEO Cfl_00	 a)C/)
C

E	 5	 CUD)	 -0.2
o20-	 C	 - 2 c	 Cl) o CU a.

C')	 0a)0 °' 0 a.

_CW a)
2 C) coQ	 >	

° )(D 2	 a) () C a)

CC	 _ .	 o	 .2
.0	 a)Cl)q	 -	 tCa	 a)•	 C

a)	 a.
-C	 C')U	 .Ea)

(UC-	 Ea)C.CUC
C	 5—a)2	 a)CU	 >,a)	 >	 o-5	 ()
E	 0?2C	 CUCUOJQ)	 >e•u)a)

_crS <	 Oa.a,	 cr ______

CC	

C)

C)	 0
C'J

C)	
(.0

0)	 0)
0)	 0)	 0)	 Z

C,)	 ci)

a)C')	 )(	 -C	 0C
.2 E

a)	 CD)
0)	 0)	 CU
a)	 a)	 C

=CD	 CUCO
-CC)

a)	 00)	
0)	 0
C)

C,-
LU
CC	 a)	 C	 C	 0

E	 .2	 .9
I-.	.
ci.—	 .0	 0

co
Ea a)

a)
ci	 a)	 Cl)	 0

C
0..	 Cl)	 Cl)	 Cl)	 Ca

z

CD	 CD	 CD	 CD
'	 C)	 C)	 C)	 C)	 N-.
LU	 C)	 C)	 C)	 C)	 C)

1-.	1-	 1	 1-

L()
(0



U)
I-
z
LU

LU

a
LU

LU

z
I-

0

-J

LU
-J
U-
0
Ui
I-
U)

Ui

U)

LU

U)
><
0
LU
I-

z

>-

-J
0
U)
(0

z
LU
0.

I	 I	 I	 I	 I

a:	 a:	 a:	 a	 a:	 a:

a)	 a)	 a)	 0	 a)

LU 0 	-, 	 -,	 -	 -

a.	 a.	 a.

2	 2	 2	 2	 2
o	 0	 0	 0

a.	 >	 >	 >	 >	 >
C	 C	 C	 C	 C

(/)C/)0	 LiJ	 W	 W	 W	 W
U)	 Q)	 Oj

-	 Cl)	 .0
—

CUU)2LU	 U)?	 2CU'	 '1)

	

N-	 Cl)	 0	 0

W	 U)
-	 U)

	

o	
C
CU

	

0.	 -OW°-	 2-1	 .x	 c,,Q
C.)	 Cl)

U)

	

..	 C

o	 E o .	 .2	 - C CU

I-.	
Cl)	 ')&
.0

LU	 E
C.)	 .2-3 0	 CU	

NU)U)	 °E°'a.0

o t 	 .	 Eai0. 0

U) C	 —	 i-U)

LU	

-C	
CUEO

E CU	 0c
C

.c2°	 Cl)OCU	 U)'-	 i..	 U)	 Cl)
x	 .c.c.a	 Q)	 CCU	 UCU)	 .CQCUQ

I-	 I-U)CU a: ____ i-	 woc	 I-nCLLC
Cl) >, C) C(C) . - >-.	 U) - .0	 Cl) 0 U) .0	 —

	

Q	 U)Q 0W.CQ o
o —

c	 CU0•	 CC)	

-ci-	 CUE	 (C)OQ)

	

C0	 CU

	

N	 E(	 °	 oCw.2	 C,cU'a)
L0	 0'-C

	

CU	 -	 C'NW"-	 >U)U)

	

U)	 CC- -	 '	 ca)	 CE_o
-	 Cl)>..0	 U)2a)	 c.0—U)-	 Q)CU	 U)

ov,a)a)	 a)a)a)2	 tClio U)

1	 aE>.	 -2	 <°-
:	 U)CUC a..?wCl)	 CU.Da.E	 U)CU&

co	 -o	 E5

	

• Th	 CC))	 o C
0o Et:2

E 0
'S-.	 CE0c). C	 CUC)O.2o	 C

U) (l).2 .- • U)
— E '- -!CU2C	 C))0CU0WU)c.CUCUW

	

Cl)	 Q._U)CE

U) C	
E	 .	 -	 2 CU
wt CU

_iL

r0)CU).CU.ECU

________ 
I- CU _-a a.a.EE-a	 LI.J U)	 — CU 0 > a..a_J CU

C)	 0tO	 N-	 CJ	 C)

CD
N-	 .-	 C)
0)	 a)

C)	 C)	 C)
1-

C,)
U)	 (I)

00U)	 C
-	 U)CC C	 0

0	 CU	 5CU.2	 U)	 .2a) Z	 CU
0.	 2

	

°	 -.-.	 t-
U)Oi-a)	 C--

.'c'J	 a:

(	 -ui	 5....	 O	 -
ZCOö0

	

E-.	 OC.-.-
-.	 o	 0	 Eo

CU	
-CU	 CC)

CU . CD	 C).I	 (C)<	
C	 >....
ow

	

C)	 CC)
I	 ocr	 o._-a:- oa..<OZ—	 _______

U)	 U)	 Cl)	 a)	 U)	 C))

C.)	 C.)	 0	 0	 0	 C)
C	 C	 C	 C	 C	 C

Q.	 C	 CU	 CU	 (U	 CU	 CU

o.	 .SQ	 .	 .	 .

I-.

z	 z	 z	 z	 z	 z

tO	 CD	 C)	 0
N-	 N.	 N-	 a)	 CD	 0)

Lu C)	 C)	 C)	 0)	 C)	 C)
>..	 '-	 '-	 ,_	 .-	 ,-

(0
(0



Cl)
I-
z
Iii

w

a
w

w
I
I-
0

-J

Ui

U.
0

w
I-
U)

C!,
Ui

U)

Ui
U)
>c
0

Ui
I-
z

>.

>
-J
0
Cl)
CD

C'1
><

z
Ui
a-
a.

I	 I	 = =	 I	 I
cc	 cc	 cc	 cc cc	 cc	 cc

a	 a	 a	 a	 a
C)	 0	 0	 0	 0	 0	 0

Lu-,	 -	 -,	 -	 -	 -,	 -,

0.	 a.	 a.	 a.	 a.	 a.	 a.
2	 2	 2	 2	 2	 2
0	 0	 0 0	 0	 0

>	 >	 >	 >	 >	 >	 >C	 C	 C	 C	 C	 C	 C
_W	 W	 LU	 UJ	 LU	 UJ	 LU

C	 C
U)	 0	 2

cC	 C	 .-O	 c/)
Cl)
LU	 •oc	 >'	 .
-	 '- -	 C	

> -	 U)	 C))	 (I)(I)	 C	 C•tE	 o.	 G) a. .	 0	 0	 -o .2	 a.	 .2
>,.	 C)-

CC
o	 >	 -

C	 (1) a) C	 a.	 0 .	 - at-
EC E	 C	 C

C6)a)	 O>a)

WC)).0 C	 a) (0>.
LU	 5	 '	 CEU)	 Q)	 .)

5CE	 (8Qa) .	 E
-	 .o	 .a	 a. C))Cc	 5-3	 E

00. to a. c a	 .0 C 0	 CU o	 (U
____ ____ c/)o-occ ____ _______ ______

(OC	 a)C/)(U	 0	 U)(1)C	 ØU)3Q)W
0D	 a)>O	 .20	 :c- -
cCLU

o
Cl)	 0C C,)E Ea.E

c (O	 _	 0)	 c oOa)
OWa)>.

E.00a.C5o a)C
0	 2.ua) CC	 , C I- ° - - E

a)....>Cl) >0)0
CI) >a.- 2	 a)	 a)>.>(.0C2

WC	 cc

0)C CE	 C)	 a.	 -a)a.(Uo	 2C0	 0)	 >.Cc	 C Eo>'ca.	 U)	 E
E	 E-O (U E	 u

-a-- ca
I.-

ci) - a. cciC	 U)2	 a)	 WCU)	 (O'<Cooa.	 E U)	 U)cci	 cci
ccicci Zo0)o-EC<

Co	 C)	 C\J
N	 Co	 0)
C.'J	 C%j
CJ	 0)

C)	 0)	 Co
C)	 0)	 C)
1

C	 a) C))	 U)	 C	 0 C (J) (I) 0
.2	 OC	 OC	 O	 COCCU)U)
-	 C	 CO	 Ca) Cfl	 2CD .90	 Cci	 CU	 a)0	 (UCC	 D

o	 a)	 o	 .	 .	 2ô	 •-
i	 .	 0

.	 (	
Z)

C)	 cc	 o	 cc.

c-i	 <C)2	 ,,
Lu	 C	 CcitCc	 z o	 C	 ,_ C) C) C 0

C	 -C .Q-•--' C)-(U<
-	 C)	 QU)a	 --D	 (2)

C 0I-.	 c 0)	 C	 O cci	 0	 0	 (U	 CC)	 2	 CE	 o	 0)0) Cl)
' C	 CD

CC) 0	 OCo	 0LU<	 _____	 wcc00wou---zz
U)	 a)	 a)	 a)	 a)	 CI)	 a)

C.)	 0	 0	 0	 0	 0	 0	 0
C	 C	 C	 C	 C	 C	 C

Q.	 cci	 cci	 cci	 cci	 cci	 cci	 cci
o.	 .	 .	 .	 .^	 .
I-	 D

z	 z	 z	 z	 z	 z

0	 0	 0	 0	 C\J	 cJ
C)	 C)	 0)	 C)	 0)	 C)	 C)

LU C)	 C)	 C)	 C)	 C)	 C)	 C)
I-	 r	 r

(0



Cl)
I-
z
LU

LU

a
LU

w
I
I-
0

-j

LU
-J
LI.
0

Lii
I-
U)

LU

LU
U)

0
LU
I-
z

>-

>
-J
0
Cl,

cJ
><

z
LU
0
Q.

i	 =	 x	 i	 1
a:	 a:	 a:	 a:	 a:	 a:

o
0	 -,	 -

U'	 2	 2	 U'	 U'

C)	 C)
>	 >	 >	 NO	 NoC	 a)G)	 C	 C
_____ (1)0)0	 W	 LU	 IC)	 10
a)	 U) .	 U) a) C 0)
O	 U'Cfl

2I-a)E	 -
U)	 a	

.
U'	 U' c3a)	 w
U'	 U'C	 0	 0	 V

.0 OW	 C-C2	 U)
()	

U'0	 ,	 0

	

0	
0 V U' >	

:.00. C
o	 o	 .2	 0	 VC

	

WO	 U'OCOI-	 cao	 0
LU	 w	 E	 E
()	 NO	 (	 .

cOca N	 0	 0	 Ca)> 
IU'-c	 (Tj

>0	 _c1I	 0
C)

Lu -V	 0	 0	 LUCa)C	 C)Q)U'C\J0C0a)	 _Q-C	 C
CO	 CO

>	 .-2EU'> U'	 . U'.0	 CD	 C 0) c).0 CCOc	 )<ca0	 C1	 >.2)	 -cWo
_____ WOCOO)	 Ct	 cr	 OCfl().U' HCtU)o

a) .	 U' >s V U) Cl) U)	 U)	 ?.	 0) a)	 U'	 LU U) V 0)	 Cl) V C
C\JWCC	 0)O

-co.2o	 a)COE	 OC°	 o	 tV U'E	 •-cac°CO	 Oa)CO	
0O:E	 caZ

ECOa)V(O	 .oO	 O

.0	 0)
U'o-	 C.fl3

-	 0	 a)'
2.fl° C.-a)	 -DCO	 <Ca.',U)	 -	 _	 CD.ciCO U) a)	 0) a) 0. 0.	 -	 —	 C 0 0 CD 0 C	 >

.-	 U)
Wa)	 VO	 -E<	 0-	 -

.0J	 0)0)a)	 oo	 EEU'-U'-

	

5 0	 0
: p0 C

U'
Wa) 0)0.)

0) a)	 o 0
CC0	 C a)COOCUECC0°CC	 ojca^'.d	 ^EE0.U'U'°IU'00

Ca) 0)0 .cOO* 0r)(,) 2 .0
_O..Oca.-	 E	 F_O.COE_

o 0
c

LU
C)	 Cx)
C)	 C)

(I)

C	 U'	 C!)
.20	 0j	 00)	 0

0	
C	 CCO

0.)	 C0O)	 COO
0)	 0	 NC))

Z	 (0	 .0	 -	 -	 CO C)0)	 o.2	 a
a:	 °)	 -	 .,

E	 —°
X	 C•

a)cn	 U'0	 a)
U'cc

o	 Eo
oca	 CC)	 '-

o---<	 .Q>CO	 .--
>.-a)	 00) C 0	 CO

_U) . -	 Ia)	 CC-<.-- W<	 DU)	 OU)

C.)	
U)U'	 0U'	 U'U'	 Cl)	 Cl)U'

U fi U H U0 .	 COO
I-

_____ I(/)	 1(1)	 1(1)	 1(J)	 10)

LU	 (0	 0	 0	 0
0)	 N	 (0	 0)	 0)	 0)

LU	 C))	 C))	 C)	 0)	 0)	 0)
>.	 .	 I-

co
(0



Cl)
I.-
z
LU

w

0
LU

LU
I
I-
0

-J

a,
LU
-I
LL
0

LU
I.-
U)
a,
LU

LU
U,
><
0

LU
I-
z

>.

-J
0
U)

(0
I1
x

z
ILl

z	 i	 =	 1	 =

II

0	 -
N

0	 0)	 Cl)	 U.)
E.	 E.	 E.	 E.
E	 E	 E.	 E.

C	 00)	 OW	 00)	 OW
_w	 W	 00	 00	 00 00

U)Q)	 U)

Cl)	
(1)

0	 it
Cl)

CU O0	 wE	 w	 C

	

V	 CU0.	 >t	 I-
2CU V

()	 .	 2	 2
C	 CU V	 V	 >	 CU CU V

— VIo	 .2	 Cl.	 Lj-	 Cl)-.-
Lu	 E	 CC	 CU	 -

w2
()	 QcU)

QCU

E
CI) >Cl)0	 CJ	 V 0)0

	>0 	 >,

U)	 cnE-c	
U)

	

a	 oU)
CU	 Wc	 U) — U)U)	 C U) C 0	 V	 c E

-	 -w.o I—SO	 I—_i	 i—w	 _________

	

Cl)	 sC C))
0)0CUC	 °C	 CU

0W	 U)U)CVVO

.0--C

	

o	 0C
CUw	 O0-

w-2Cl	 C	 0.0 >,2	 Co.-o	 o!cU.)	 CUO.CCU
C)) U)	 -Q	 0)	 '

0(/)CUC
ES0)>.2
t 2-Q '--	 -	 .-V	 CU	 OV!COCCCU øVO	 WCC	 52	 V)CUE.o 0 >CU0	 cYC))

E VVcLCC	 ----

	

C	 11CUCfl	 --r,
0	 wofCUoc	 .00	 COlD C

	

CU o2	 CO	 .2-- 
>co	 .QCO

C	 .	 VC
o--=c-o.a,	 0)2- wo2 --	 U).QU)CO woUV U)CO

CU)-.	 U)E!WW2Q)U) .t	 -
0 C C	 CU 0 V Cl)	 C .

	 CU > U) . .U)- -Q	 C.)	 Cl)	 =-D
U)	 U)cooc>U)Cl.	 -CCUOOC-Ca .000CU	 U)0C0

(I)	 I—>.-.COF--0u,E0.Oco

cJ	 C)

LI)	 0)

0)	 U)	 U)	 U)

0C	 0)0)0)	 ECU)	 C.CI)	 COCI)	 VVCI)
0 CC	 W	 CC

t	 -.Q	 .Q	 U)CO1-2
0) U)	 0) U)	 C .0 Cl) 0) CU

•	 C	 COD)	 .CUD)	 CUCD)	 C)
0)CU >U)	 CU

-J .^C9	 wcr	 o
jO (fl	 (/)	 CU

oU)	 0Cflj	 0'	 -Lu CU)	 U)	 C)
CU0

i-2F--I-.	 =	 •E2o
0)0	 U) ECU()	 0	

U) V	 V C) .	 V 0) V .	 V U) ' V E _ .
'V C C	 C0)	 C 00)	 CU C CU C0) CU> 00)000)

0(0 CO CU 0000) 0 CU CU0)	 0 CU 000) 0 CU 0C- CU0)
_0coo-oZI-0?- 0Q-	 ______ _____ ________

o	

(oCI)	 (1)0)	 (1)(1)	 Cl)
	U) 	 U)

O	 00

O	 CU	 CU CU0	 CU	 CU

_____ _____ ________ _____ ____ I(/)

CJ	 c'J	 c\J	 CJ	 C')
0)	 0)	 0)	 0)	 0)	 0)

Lu	 0)	 0)	 0)	 0)	 0)	 0)
>-.	 -	 1-	 1	 1-

0)
(0



U)
I-
z
LU

LU

a
w

Lii
I
I-
0

-J

LU
-J

0

Ui
I-
Cl)

LU

LU

Cl)

><
0

LU
I-
z
>-

>-j0
U)

CsJ

x

z
LU
a.
a-

=	 I	 =	 =	 I
LI	 LI	 LI	 LI	 CC	 LI

j;jr	 0	 0

0

-	 -	 ____-

0.	 0.	 0.	 0.	 0.
2	 2	 2	 2

0	 oCU
>	 >	 >	 N0
C	 C	 C	 CU	 >	 >C	 C
U	 U	 w	 Ic5	 w	 w

OC	 cDCO	 CCC)	 Cl)
C	 CUC)	 tCU	 1

0E	 c"	 0. -o	 >
(I)	 o	 'ci2	 2-	 ci,	 Cl)	 > 0. C C > 0. 0.	 0I-	 cn	 0

a	 g.•	 .).CCU
CUCW

C.)	 0.
2.	 a)ci),	 0

	

0C	 ci)-W
o	 0	 .Qw	 C •C 0 a) C
I-.
uj	 E	 I	 E°	

CU	 CU-00o2c,-oCU
C.)	 -OCUC	

C)

	

o	 -c
C	 .	 ->,

()
.2w	 c

0	 ci)	 U)Q)
i:ii	 =.	 .CCI)CU	 CU	 Qc	 O0.oE>>

a) ci)

.0	 wcci	 2
LI	 ______ LI	 o.ciLIcci	 <E-oa.

a)	 C0)	 Cl)U)C>U)	 .CC0	 .0 C,)CU	 -a-'	()	 C	 _0	 .	 cU0	 ci)>0	 Co0).Cl)	 CU	 0. .0	 G)	 C	 0 ci) 0--	 CUCU0	 cciWO	 rEa,CU	 .0	 CU	 .c C	 a -
WU)CU E .C°E 0

0C Ca-	
UIE . -	 t

—	 .	 0
ocn	 cci8	 co cci	 C))C0Cl)	 o-0	 -	 0	 t	 ci) a) -CX	 CU

	-cDci W	o..-. Q °OU)
CU	 2—	 'C)

Q	 __0w	 0-.W	 .-00(1)	 C/)C'-C))	 0	 .-0Cl)C)CU	 Q)(ciC	 (Doo

	

cci 0	 9 Cci	C) a.	 C	 0. Cci 0	 .0 0 CCUQ.EDCUIW0.	 _______ (1)0.0)	 HocUu
CO	 N-CO	 0)0	 N-	 CD

CD	 co0)	 0)0)	
0)	 0)0	

r	 r
C.,

Cl)	 (1)	 (0

0	 U)-C)CI)	 flC(1)	 CC)	 CQ	 CUCC QJ0)0.
a) 0.cU	 CUCU	 2LIa.2 °0)

o -	 Wa.	 EU)0-J	 N.-0	 a)CU
ci)	 C 0	 C C 0	 CO

-	 2	 CU	 .0

-	 '-	 0	 Qci)
(1)	 .2w	 5	 (DCI)	 0 LI	 (I)2

UJ•_	 C°D	 -C	 0)1

0'0.-I
C.)	 0)	 CUI

C..U)	 WU)	 CUU)
C .0	 a	 -	 C	 C)	 ci) 0 Cci	 C N0	 00	 Q)OOCDEC))	 C000)0CUci)

________ 00(/)
	 jEQ.C1)LIQ<LI<,-.	 F-Occi.-0ICC&

U il U U il UCU	 CU	 CU

_______ _______ _____ ________ 1(0	 ____

CD	 .
0)	 0)	 0)	 0)	 0)	 0)

Lu	 0)	 0)	 0)	 0)	 0)	 0)
1	 ,-	 1

0

N



C,)
I-
z
w

w

C
Iii

w
=

0

-j

LU
—J

LJ

0
LU
I-
C/)

LU

Cl)

LU

C/)

0

LU
I-
z

>.
>
—J

0
U)

CD

C4

x

a

z
LLI
0

=	 I	 I	 I	 =

cx:

O	 0	 0

LU-	 -	 -)	 -	 -

	

a.	 a.	 a.	 a.	 a.	 a.

C	 C

	

>	 >	 >	 >	 >	 >

	

C	 C	 C	 C	 C	 C

	

Lii	 W	 W	 iLl	 U	 LU

U)	 U)	 U)	 Ii)
C	 C	 C	 C

Lu	 >	 U)

	

.?	
U)	 _
(I)
o	 °
a.

0)
a.

2	
CU	 0	 CU	 CU	 CU
>	 >	 >	 >

	

C.)	 U)	 CU	 U)	 U)

LU	 co
()	 CC	 o

- a.	 U) c	 0) c	 U)	 U)

LU	 0	 a	 U)	 .0

E	 -	 E	 E	 Ea.	 C	 a.	 a.	 a.
CU	 o>	 -a-	 -2

U)	 OQ)	 U)	 U)	 OQ)	 OQ)
___i-c	 0a	 _____ 0a	 0	 0-a

-D .	 Co0
C_w

0)0)0)	 CUC	 210	 U)G)	 C-C
0.0	 E	 •LU	 ocU)wacaa)	 0) Ø	 C

•j5c))co 2a.	 Cw2	 E.2a. a. (U '
	 5 . U)

oc
C.)	 D-Ca)	 C)

— U) U)UJ a.

	

U)	 COCCUa)CC -	 CU)C

.U)C
a..Cc/)

'	 a)U)
° CU

- o c a' o o0)
'-'-C

<0	 U)(U
'

	

	 °'-	 .-Ca.CUa.WC/)U) > o > o >

	

_C C C U)	 CI) CI) .0	 C	 r o a. U) .	 .	 0 Co C U) C
— I— U) 0 00 I—	I— 0	 1— 0 (U .0 0 I— 0 (0 C/) < I— o ca

	

a)	 —

	

C)	 0)	 a)

II.	 F-	 F	 -

CD

U)	 LI)	 14)

	

CD	 0)	 0)	 0)	 C)

	

0)	 C)	 C)	 C)	 C)

	

F	 -	 –

(/)	 C/)	 0)	 0)

' 	 '-

	

C	 O	 C	 U)	 CC	 CWa)

o	
C

OU)U)	 °0)a.
0W	 (	 000	 O5' OOo

Co	 Co	 0)	 -	 2Q-
Co a	 U) F 0)	 -D 0..	 o 5 - U)	 a	 >(I)	 CX)	 U)	 F 0)	 c c	 c	 Cl)

	

O) .	 CU	 WCU	 0

LU	 CU..CCo C	 '-C

	

U) C	
CU	 C	 U) U)	 C	 C U)	 C	 LI)

U)

	

E 2	 E E F-	 0)	 0 0) a.°	 Q 0) E E	 -a C)Oa')0)I—	 CC	 CC000	 C-. .	 _ • o F )_ C Co 0 F C FC.)	 CE 2-	 CE 2 WJ	 C	 C
'a:	 C50

	

O.CU)	 O.0
_w	 _______ _____ 0O	 <0 HO

C)	 a'	 0)	 0)	 0)	 Cl
C)	 C	 C	 C	 C	 C	 C

E	 E

i-	 i	 -

Cl..	 0	 1.

	

cx	 C	 LI)	 LI)	 LI)

	

CX)	 0)	 0)	 C)	 0)	 C)

LU	 C)	 C)	 C)	 C)	 C)	 C)
F	 F	 F	 F

N-



Cl)
I-
z
w

Ui

0
Ui

Ui
I
I-
0

-j

Ui
..1
LA.
0

LU
I-
Cl)
(
LU

Ui
Cl)

0

LU
I-
z
>-

-J
0
C')
CD
C.1
x

z
Ui
0
0.

=	 I =	 =	 I	 I
< <

cc	 cc	 cc cc	 cc	 cc	 cc

0	 a)	 ci)	 ci
t..

-	 -	 0	 0	 0

0.	 0.	 0.
2	 U'	 2	 02	 U).so	 0
>	 E.

C	 C	 C	 OU)	 CUU)U)	 C	 C
UJ	 W	 00	 (/)0)0	 W	 LU

Cl)•	 •	 U)CU)	 U)Lu	 U'	 U)	 U)	 U)
-	 U)	 ci)	 )	 a)

-	 U'	 U)	 U) C,)
00	 0	 00.	 0.	 0.

I....	 0)	 U)
0.0	 0.	 0.	 0.	 .	 .	 _

C	 C	 C WU)	 C
o	 .2	 . C .^	 .0	 0
I-.	 .	 .	 a)U)

'u	 E	 E	 E	 '	 -	 E._.oU)0	 0	 U)	 C/)4-	 -	 0
U)

Ea)

•	
.	 2cCUo

C	 E	 wo
cci	 cci	 cci	 cci o	 .'.2	 > c U'	 (U.20ci	 >>	 >	 >	 >	 --c/)C °.>	 a)U)	 U)	 0
U)	 °'	 52	 Eoo E
cc	 cc	 cccco.	 UJ0.0 cc

OCD U)	 U)U)U)	 CUW0U) 0	 D)
- -	 . 0	 -	 -	 C.0 U)	 CU

C	 .0	 •	 0
ow	 0>'

->'	 U)
0.	 U)	 00	 ci) •	 -Cfl

-=	 C - C	 C .0	 .2	 U)
0.WU'	 >

C,,•	 ,2g°	 EE	 0
<->	 U)U'--.	 0	 C.?
. cci t 	 U))	 EE	 U)-(ci

I-.-	 U'>EEEU)	 ECw	 U'	 >'

	

.-o CU cnO ,,Eos	 (UO-CQ••0
o	 CEC

CU 2
Co-a.	 CUU'U)C	 0.Q.	 -

U) cc	 CUU) EC
CU U)• EE>	 ) 0 • - C 0 cci	 C .	 U)	 0	 >'	 Cl)

2EE^ o °)	 0	 0
U)	 C	 -	 .	 . 5 E -	 t	 U) >'	 - '3)

_cn>E	 c
________ _________	 _________	 CU I- 0 U) F--

0
z—

(I)

C	 .	 DCl)
CCC	 .2	 0

E	 U)	
-	 .(ci	 0)Eo

-1	 U)
0)cc	 o)	 '__0.	 .:'	 cc

U)	 'E.)i:C	 U)	 •	 ..-
LU	 cciE	 Ccl)	 C

U)
-	 E.2	 E-0	

(/)
E'3'	 U)C	 U)

t;
> ..2 CU	 -	

C C)CU)	 C U)o	 CU(U0)
____ _____ wi	 1<	 ____ __________ ______	 _______ ______ _____ >ccii- -

-	 -
U)	 U)	 a)	 U)	 U)	 Q)	 a)

o C	 C	 C C	 C	 C	 C
U)	 U)	 (I)	 U)	 Cl)	 U)	 U)
0	 0	 0 0	 0	 0	 0

cj
C)	 C)	 a	 (0	 N- C)	 C)

LU C)	 C)	 C) C)	 0)	 0)	 0)
r	 1	 1

(.J
r-



d.

a)

LU	 -

- 0
(a

w

II
—J
ILl

>
a)

Cl)	 a)
I- ____

Cl)	 •
0

0

—
caC

Lii	 I—	 _ca
I

o
o	 Z

(at,

<

LU
a)

•--	 E
I-.	 c
()	 2
c

C
w

U)
.'	 a.)
Lu	 a)

C)



U)

lii

I-

z

U)
w

U)

LU

-j

I-
z
LU

z
0
>
z
LU

Cl)

LU

Cl)

0
LU

z
>-

>
-J
0
U)

csJ

><

z
LU
a-
a-

'I)
C

a,

E
E
0
0

WO
>z

0>

—U,

U___ ___ ___

I-
.2,

C)	 -

ai (I) N-	 CO	 E	 'q	 0	 0	 0)
N- CO i-	 N-	 Z

Co	 z
CO

a,
>s	 >•	 >..	 >.	 >_	 >s	 >s	 >,	 >,	 >.	 >_	 >	 >'a,•-	 a	 a)	 a)	 G)	 Cl)	 a)	 Cl)	 Cl)	 CI)	 Cl)	 Cl)	 a)	 a)
Cl)	 Cl)	 Cl)	 U)	 Cl)	 U)	 U)	 U)	 Cl)	 U)	 Cl)	 Cl)	 Cl)

( C	 U)	 Cl)	 U)	 Cl)	 C/)	 U)	 Cl)	 U)	 Cl)	 U)	 U)	 Cl)	 U)

C O 	 CCI	 CCI	 U)	 CCI	 CCI	 CCI	 CCI	 CCI	 CCI	 CCI	 CCI	 CCI	 CCI

U,O.

-.;;	 -	 -	 _,	 -,	 —:	 -	 -:;	 -:;	 -:;	 -•:;	 -:;	 -

CON- 0)0)0)
CON-
0)0) -o0)0) CD	

E E-	 —	 ,- -0)

CCI.,.a,	 (DRC0N-
0)a°°	 EE

—	 •EE
EEEEa°0)

'	
0	 00	 0 0

	

. o . o 2?. V V V V V ..-- 0	 CD Co	 Z E . 0 8 . 2 .E

_	 0 0	 C) Q	 a) >	 a)C 0	 0E	 C	 11)	 CCI	 C	 0
U	 U) 

= 8	 -	 i .	 '	 .	 IC C
o 0
00	 .2	 ..	 E	 cn	 E

U)U)	 .	 0	 (CI
0)0	 0

0)	 (I)	
>

a	 WCCI	 CCI	 >	
0

.2	 - o -
•	 U)E	 C	 CCI

CI)
0	 a)	

0)

.	 .	 C	 C
U)	 Q- U) 0 -	 0	

0)	 U)	 c Cl)U)	 E :	 E
-o	 8.t	 CCI	 CCI	 0_	 0	 Cl)_ -o -	 E

C>cCx	 C)	 .<	 Cl)
a) U)U) .2 .	 •	 -	 0)0

C C	 0

	

-0 0	 a)	 Cl)	 a)	 ---.a)O0 0CCIC0)._ ECECjoE 0)	 0).0C C0C
U)

= 22o	 a)L.....U)a)	 ._

EE'E 00 cO 55.r05CCIC> 
a)2

'UCa)W 0 .^	 0)2o a) o 0 oWoWo>o>.>	 WoW.wC/)E crcCI (/)a

00000000000 0 0
< < < < < < < < < < <

N.



U)

Li
CD

I-

z

U)
Ui

U)

Lii

I-
z
Ui

z0
>z
LU

C')

LU

U)

>(
0
LU
I-

z

>-

>
-J
0
U)

F-

><

z
LU
0.
0

()

a,
E
E
0

C.)

.

C) -

0>

.

H___	 ___ ___ ___ ___ ___ ___

1

.?
'-.0	 >.	 >..	 a)	 a)	 a)	 a)	 a)	 CI)	 a)	 a)	 a)
a,.-	 o	 o	 _	 .	 .
C)	 U)	 U)	 '	 .??	 '	 .'	 .'
a)	 U)	 U) C C C C	 C	 C	 C	 C	 C

0	 CCI	 a)	 -	 -	 -	 -	 .	 .	 -	 -

0)

C
0)	 0
C	 E	

N-

0.0)	 EI-	 Cl)	 '	 R	 0	 0)
O)	 o	 E	 Cj

0 cD5E.	 a)	 2'	 >0	 00
a)	 zE1C'.J	 0	 0..	 a)

—	 0)	 C	 a)
C	 CI)	 a)	 (CI	 .	 .2

a)	 I	
I

E
S 5	 2	 0.	 a)

0	 0)
C

0.	 C
a)	 0)	 0

CI)	 0
•	 Q	 -	

>	 -
a)	 I-	 a)	 C

:]	 a-	 .-.	 (I)	 a-	 0	 -
0	 a)	 C	 a)

c	 o
—	 -C	 -	 )

U)	 0	 ØU)g	 .	 I))	 C	 a)
a)	 1

a'	 -	 o	 a-	 -	
-	 E	 :	 E

0
0)	

E	 ._
— Z	 o	 .-	 (1)	 (CI

a-	 C>,<C -	 —	 —
CI)	 rn	 a--	 .

a) C	 C	 C	 2

ci)	 W°F	 EC	 EC	 E.2	 a)o	 E
0	 CI)	 (I)	 WC	 CI)

0	 (CI cCI3 C° C° C	 0.	 C0.
—	 a) ' -	 =	 0CI)0.W0.Z a-	 2	 2	 O

' S 0.	 a)	 C >O	
EEo	 •	 '-1U)	 CCI)	 a)OC

0	 CI)oCi)o	 Wo W	 Wo	 w	 wE

a)
a,

< < <
0	 O	 Q	 Q	 11.

o o < < < <
< 0 0 0 0 0 0 0 0 0

LC)
N-



U)

I-

z

U)
w

U)

w

—J

I-
z
w

z

0

>
z
w
U)

w
U)

0
w
I-
z
>-

>
—J

0
U)
F

cJ

><

z
w
a-
0.

C,)

a)

E
E
0
0

a)o
a)

0>

—U)

H___ ___ ___	 ___ ___ ___ ___

0
o-

N
CD

a)
a,	 -

	

'	 .0	 .0	 -c	 -c	 -c	 -c	 -
a,	 C 222	 2	 2	 2	 2

	

—	 d d d d

a,	 C c
C	 0	 0	 ci)	 a,

Cl)	
0)	 0)	 C	 -
CO CO

a,
C	 I-

o °

I—	) 	 -

a,	 a)
.0	 .0Ca-O

E -	 0 a, o a, ()	 0	 0	 0 0- co - co V -._-	 I—	 I—	 Z E
ci)	 Ca	 >	 x 0)	 C	 ci)o	 j.	 ..	 0C C0	 (ci	 I

0	 C 0	
a,	

0.
E E	 0	 c	 cci
8	 2	 a-a	 cci

0

	

'E	 E	 E	 .
o	 0 0	 CC	 0)	 a, o 0

	

E -	..	 co	 o

C	 0 a, ci,
-	 0	 c	 C

o	 c	 -	 0)
U)	 E	 Cl)	 0	 a,	 a,	 c

a,	 E
a,	 8 °

O
i	 .	 c	 a,	 a,

— o - -U)-. -	 -	 -	 -

	

a	

a,	 a,	 cci

-	
-	 U)	 .	 a)

a,	 Q)C a,
cD-D	 U)	 Cl)	

EC	 E.Q	 E	 W
cci	 -	 a,a,	 6	 0-''oc.9	 C.Q	 Cj	 Ca--

_	 -a	 .2	 2t 0.-0.	 .
a,.-	 U	 U)
>	 0	 a,	

5E >cci c>
C0 ca, a,O

0	 a.	 (flZWWo UJ	 Wo U	 (OE

Cl)	 Cl)	 Ci)	 Cl)	 C/)	 C/)	 (1)

a)	 < < <

	

<	 (J)	 (J)	 (I)	 Cl)	 (I)	 Cl)	 Cl)
0-	 ci	 ii

< u.i w w	 uj	 W	 W	 W
0 0 0 0 Q 0- 0- 0- 0- 0- 0-

Co
N



C,)

'Ii
0

I-

z

C,)
LU

U)

LU

—J

I-.
z
LU

z
0

>
z
LU

Cl)

LU
U,

0
LU
I-
z

>-

>
-J
0
U)

csJ

0
z
LU
0.
a-

U)

C
U
E
E
0
0

0
WO
>z

0>

—U)

H___ ___	 ___ ___ ___ ___ ___

0'-
>UCfl

U =	 =	 = = =	 =	 C	 C	 C C	 C
w.—	 U)	 U)	 Q	 U)	 2	 a,	 a	 aU) -c	 -	 -c	 c	 c
cøC 2	 2	 222	 0
CO

o.

	

d d dd d d	 J I I

0
W-D

>-
C0- C0-	 a,

E c — E o.. a,I-
a,CU) _

I—	 U)	 (I)	 -

o
o o 0

o	 o0a)02'	 oo i—E--a.EZEo	 - -

a,	 U)	 a,	 a,
o	 ,-	 —C	 a

c	 i	 -
E	 =
a,	 -	 a,	 0.	 -a 0

C	 0E	 C) a,	 E	 E 0	 Co	 C 0	 a,	 0	 0
9	 .	 0	 0	 0 0	

0
0

C
o -
C	 C)	 a,	 0.	 C

	

0	 -—	 —	 -	 •C	 U)	 -	 0U	 C	 C 
o C/)	 C	 CUC)	 a,	 th	 0	 0-

('5	 0	 0	 0

U	
g	 ,	 E	 CI >( 0.

0
0.	 0)	 a, 2	 C0	
U)

00 -	 =

	

C)	 C 0
U)	 -	 —	 .2

a,	 U)	 a,	 U)	 a,	 (U	 .
(I)	 -	 0.g	 . a,	 -)	 a,	 Oa,	 a,
o -coa, o	 2	 U)	 C	 ., -	 .Z	 C

(U	 U)	 C .	 <CU <CU1._s	 - j	-	 .
0C	 0	 U)	 0	 <	 0.

>	 CC C CU	 C	 a,o ^	 C) OE	 E
jZ	 jZ	 R	 wE	 8

C/)	 C/)	 C/)	 C/)	 C/)	 C/)

>-	 >-	 >->-	 >-
a,	 <	 <	 < < <	 <	 a	 a	 a a	 a

C/)	 C/)	 C/)	 C/)	 C/)	 C/)
LU	 LU	 LU LU	 U

Ui	 W	 U Ui LU	 LU	 CLZ 0.2 Q..Z0.Z 0.2

	

Q a. a.	 a.	 a]W	 W	 WCUW	 LU

r-
N



U)

Iii

I-

z

Cl,
LU

U)

LU

-J

I-
z
Ui

z
0

>
z
LU

Cl)

LU
Cl,

0

LU
I-
z
>-

>
-J
0
U)

F-

x

z
Lii

4-.

0)
E
E
0

C.)

>z
0) -

0>

—(I,

0)

0)	 C	 C C C C C
c	 c	 U)	 U)	 a)	 a)	 U)	 a)	 a)	 ci)

C)	 U)	 U)	 U)	 •D	 -0 0 0
C	 C	 C	 C C C C C
U)	 U)	 ci)	 U)	 ci)	 a)	 U)	 U)

C 0
cQ.	 0	 0	 0	 Cci	 (ci	 Cci	 Cci	 (ci	 (ci	 (ci	 CU

j —j	 j	 I	 I	 :ç I i I 1
cr m

(0
0)	 0)	 -	 -

	

U)	 a)-	 -—	 (0
0)	 Cl)	 Cl)	 E	 E
0)	 -	 .	 a)	 j5	 56.	 U)	 U)	 -	 .-	 .-Ca

	

- ci)	 a)I-	 cci	 .	 (cicD_)	
D

a	U) 	 U)
o	 C)	 E.oO	 0	 0	 0	 0	 0) LC) a) C) 0 0

o	 -	 -	 -	 -	 0)	 C'J Cl) V	 I-	 I-

.	 Q)	 COC	 X	 )(	 )(	 C	 C
°°	 .2

Q.	 QQ) ci)	 U)	 j5EE O2	 c.	 0	 0	 0 — —OC C	 C	 C C	 -
00	 e-D)	 (ci	 (U	 (I)	 U)

=	 0 0
oE	 E-	 Q.	 0.	 C	 C	 C

	

C I0	 E	 E	 E	 0 0
-	 Z0) i_0a) 0	 0	 0	 Q 0

•	 coE	 (-)	 Oc	 a_	 —	 (J)0000
0)	 Cl)	 '	 U)O	

C	 C	 E	 0	 i5
6. U)	 a)	 I 0•C	 .

	O) 	 C	 C	 c,	 (ci
ci)C	 0	 a	 C2^) 0)Ca	 -	 •0-0a.	 ,	 0	 o

.(U OCO	 a	 2=0	 0	 O)Oa)	 C	 0..-...	 <'-°-	 0)w-	 CD-C
cci	 •	 •	

0	 ><	 E	 EE	 U)a)

	

a.	 a Wcci>,	 a)

	

OCI)CU	
••

	

E a)E	 E	
2^t C--U)	 C-OC	 —(ci	 ciE C CcOCO	 ui	 u	 CliC•QoU)OEOö,	 U)>,	 >, a)>,	 CO

'..U) U) a)a)	 E°U) o

	

C2cLE ?U) ^ci)	 w > >)<^X0 Oo
wo0)Oa	 cr	 b	 IE

Ca	 >	 >	 >
0)	 00	 0
6.

	

u.i LU	 UJ	 W	 LU	 W	 W LU W LU LU
Q..ZO..Z	 CLZ

	

WW	 C1LiJ	 Cl)	 Cl)	 Cl)	 Cl)	 Cl)	 Cl)	 Cl)	 Cl)

cxj



Cl)
I-.
Iii

cc

I-

z

Cl)
w
cc

U,

Iii

-I

I-
z
Lii

z
0
cc
>
z
w

U)

w

Cl)

><
0
cc
w
I-
z
>-

>-J
0
C,,

F.-
C"

z
w
a-
a-

(I)
4-

a)

E
E
00

•0

>z
a) -.--

-Cl,

U___	 ___ ___ ____

— I_

<.9	 c o	 ->c1)	 0	 ,- ,-	 Z ZQC)
cc

C C
. 0

C C	 C C .0 C .0 C	 C C	 >I—	 C)	 C)	 C)	 U)	 C)	 C)	 C)	 C)	 C)	 C)
V V	 V V C) C) C) C)	 CQ)Cl) C C	 C C C C C C	 C C	 C) V

ca	 C)	 C)	 C)	 U)	 0	 0	 0	 0	 0	 0	 --

	

0 0 0 0	 0 0	 C)
caD- C)	 C)	 C)	 C)	 o	 o	 o	 o	 o	 C..)	 -	 C)

.	
]

cc cc	 cc cc - -, -, -	 - -

V V V
a)	 C)	 C)
C C C	 C)

-	 0)
-	 0	 C)

0)	 C)	 U)	 C)	 C)	 .001...
Ca	 E	 C)	 C) jC)	 U)

I—	a) C)	 V V V	
V ..

ECD	
U)	 C)	 U)

o. C)	 0	 C)	 >

	

0 0 0 0	 0	 00
'—	 A._..'-	 V	 i-	 I—	 I—	 I—	 —	 ZEo

U)Q)U)
E	 E	 :	 _

C

U)	
C)	 a)0-

OEC)	 (1	 0	 E	 .o>	 ()	 >	 C)	 C)	 C)	 Q0	 C	 C)	 0 V -
E	 .	 E	 0-	 U) 0-	 >

a .	 C)	 E	
E :1

E	 -V	
0	

(0	 ..0	 >	 U)
G)	 U)

-	 a ) -	 I—	 C 0 0
E	 C) I ..- V

Cl)	 C)	 C)
0	 C	 C	 C	 C	 .	 00)Ca	 '—	 0	 c	 0	 Q	 .9

C	 80	 C C W	 E	 U) 00	 -
C .-	 0- -0 C)

°	 E(0E .	 C)	 C) .	 0	 >Q)	 -	 C)
U)	 U)

V ><	 (0	 C
oE-. C 0 0 00) o	 —

0 0 O C)	 a) U)
V V Va)	 o) > V

>0	
cc C C C	 E	 :	 C)

C)	 cI)	 cj	 C
0 0 0 Ot ()	 U)	 C)V

C) >C
Zol-	 Q	 (f)	 (	 C/)	 >C).

C,)
I-

Ca	 0
a,

W LU	 W LU >0>0>0>0 >0>0 c,Q
zcczcrzcrzcr zcrzct

(I) Cl)	 Cl) Cl) WOWOUJOWO wOWO 00a.

0)
N



U)
I-
w

cc

I-

z

U)
w
cc

U)

LU

-J

I-
z
LU

z
0
cc
>
z
LU

U)

LU

U)
><0
cc
LU
I-
z

>
-J
0
U)

c.J

><

z
LU
0
a-

'I,
4-

a)
E
E
0

C)

a.-Q.c

—ø

4-0Qa)
<cc

<
z

>s
L-.	 -

U)	 a)
E-

O	 C	 00. a)
> a

cc 0

4-
a)
C)
(5
F-

o o

C) a)
C 0

C
(5 (5

E
.	 0
C 0

a)-
E-
o	 ci)
C)	 C)
_2

a)

Eu
C	 c
2

0 Cl)
C o Ca)	 ci)

cci
E '	 C)

C

w 2 w £

C/)	 >I-
0

a)	 LU
I-	 -)	 )

00
LU

11	 C/)

0



LU

0
0.
I-
z
LU

LU

-J
I-
z
LU

z
0

>
z
LU

C;)

LU
Cl)
><
0
LU
I-
z
>-
>-J
0
U)

cJ
x

z
LU
Q.
0.

U)
co.
tEQ)	 a)	 a)	 a)	 a)	 (1)

.-0_a) —	 —	 -
-	 -	 .2	 .2	 2c
0.	 0.	 0. 0.	 0.
E	 E	 E	 E	 E

__ C	 0	 0	 0 0 C/)o.	 0
o	 o	 0	 0	 a)2	 0

00)	 0>	 °aC)	 .4-
-	 LC()

a)	 C)	 C)
E	 >0 E

U	 0	 a)	 C)a);TI	 U)
C)	 C)	 CO2	 -	 E0,_W	 C)U)E

a) U)	
a) a) .— 0.

	

a)a)	 0o -	
0
a)o a) . C	 -	 V	 C) .	 0	 C

	a).	 .	 oö	 o- •C4—	
c

_a)	 E.9
C) U)	 '- 0 E L()	 Q.	 (N	 — a)	 0

—	 cd	 o	 U).DC.2	 't
a)

C) O)<	 I	 a)	 0..
CJC

o	 0 4-o
oE.	 co	 I	 &9 E

0.

C	 0>,0	 a)Ca)C> Cl)	 a)Ca2	 Cl) 0

	

a)a) a) .2	 •	 Ec 0

U)	 C)	 a) .2 a)--

	

O OV V	 —a) U)0

	

a) a)	 > 0U)2C..2V
0.W a) .2	 a)3Ca) 0	 5	 a)W
0 0.0 2> 22^	 2	 0)0

____	 0o.a 00.a)LLO< 0	 cr	 0o.0a) -

a)	 0)	 D)	 0)	 0)	 C)	 0)	 0)
0	 0	 0	 0	 0	 2	 2

tr	 Qo	 a.
I.-	 Cl) ,	 -	 0.	 0.	 0. -	 0.

	

cd	 E	 E	 Eo3	 E

	

'E	 'E	 o	 o	 0E	 o
.-Q)	 i..a)

___ ______ 0- Q-	 ___ ___ _______

U)	 U)	 Cl)a)	 Cl)	 U)	 U)
In	 a)	 0)	 CI)	 -C)	 0

0	 0	 0	 0
a)>I	 0	 0	 0
'-cc	 '-	 -	 '-	 a.0)	 CL	 0..	 ..
o	 -	 LU)

0	 0	 0	 0 00
___ LU	 LU	 LU	 LU WoW

a)

0wz

o	 (N..	 (N	 (N (N	 (N

•C
a)	 C	 cDU)

> U)a)	 0	 oa)-	 _o^	 C)	 '-0CV	 a) U)

-	 .	 .1.	 I
U)	 VW - . 	 C	 I-	 -

U)	 a)'-	 a)	 -4	 0

	

0.	 o	 N	 Ca)2 a)
U)	 a)°	 o.	 "-	 a)

4..	 U)	 _a)	 0
a)	 1..a	 0
0)	 00)	 -t.; a)	 w	 —L..

0	 U)	 U)
0	 'a)0	 •	 a)

2 0.	 00.0.	
M-
0a)	

U) 0(0	 a)a)	 E	 -a..	 a)00) C
c 2	 00.0.	 0.	 a)	 ._

000c
'0a)___ U..4- ___ _____ o L &E

0	 (N	 C)	 U)	 CO	 N.
Z	 0	 0	 0	 0 0 0



w

(0
Q.
I-
z
w

w

z

-J

I-
z
w

z0
>z
Ui

C;)

LU
U)

0
LU

z

>-

>-J
0
U)

CsJ

x

z
LU
a-
0

U)	 U)	 U)	 Cl)	 Cl)	 Cl)WO	 U)C	 0C	 (l)C U)C
E tE t3E t3E.	 a).	 .	 .	 .	 .

	

a)	 0	 0	 OC OC OC
9-	 0	 -	 a)	 a)	 a)	 a)	 a)

-	 E	 , '	 a)	 a)	 a)	 a)

	

C	 0	 w2	 02	 o2 w2 w2 w2

	

___ o	 0	 Uc.	 Q)o.	 (1)0. /)0.Cfl0.C/)Q.

	

-	 U' -	 1	 I

	

G)C	 0)	 ..

	

a)	 C'.)	 C	 C	 C

	

U)	 .

	

0)	 :°EU)	 0.	 0.	 0.C
	$ 	 E-o	 a,

C	a,	 E	 E	 E
0	 0	 0

4.j 	 C	 C

	

C	 >0	 C	 0	 0	c 	 0	 U)	 .0	 E	 '	 E	 E(I,	 a)	 t	 '	 0E

	

a,	 O-	 -ö	 0	 ö
..o—	 C

	

0)	 C	 0. 0. 0 -D	 0	 '	 '..0 0	 C	 C(I)	 C8-Da)	 3	 30
z IU)_	 0	 0	 0

4-

	

I..	 U)C)4	 Ca,E0)	 a)Cl))	 .0	 0	 C	 .0
U'	 C)	 Cl)	 U)

o	 2'E	 0Q	 c,	 o

	

00. I	 >.00	 =

	

0	 ECO .
	C° -	 0a)_0.a) 0. 0)

o2	 a	 '	 a	 a

	

> 0 0	 E W 0.	 0..	 0.	 0.

	

U'	 U) U)00. E-w	 c,3	 o

	

t	 3c.0	 w -o	 —v
a)C 0

	

0.	 C	 C	 C
o	 a)0)Ca)

	

___ ___ fl	 a)a-O	 U)	
0 C C

____ ___ ___ ______ _____ a) Z O Oc

	

0)	 0)	 0)	 0)	 0)	 0)	 0)	 0)

	

0	 0	 0	 0	 0	 0	 0	 2
c	

1
a- a-	 a- Q O a-

	

-	 0.	 0.
	E	 E	 E	 0 0	 0 CD 0 i- 0 i- 0

a)	 -	 —	 —	 -

	

0	 0	 0	 2 C)	2 Q	 0 0 0 0 CD
___ __ ____ ____ __ __ __ __

.	 0
U	 I-	 Cl
a)	 Q_	 -	 4-	 4-

C)	 C)	 0

.2,	 .2,	 ,
0	 0	 0

C)	 I	 0

o	 Iz'	
a-	 a

I-	 (!)	 (!)Q-	 2a-	 w w	 a-	 w w w a--

U>
aWZ

o	 .	 c'J	 c'J	 c'J	 c'J
__ __ ____ ___ ,	 __ __

E

	

0)	 U)

	

U)	 Ca)
0.

	

0)	 0	 .C.	 U)

	

c	 Q C	 U'	 -	 -
C	 C

	

a)	 -D a	 00

	

>	 U)	 O	 a)
	C	 0	 3	 _U' E	 E Cl)C	 C	 a)

	

cc	 w
a,a)9-	 E°	 0

	

Q	 0.
a)	 -	 C	 .	 0)
F-	 .2 C

	

C)	 -'

	

a)	 a)	 a)	 C	 C

	

C.	 .?	 0	 0.

	

0	 E	 E	
.	 a)	 a,	 E

C

	

a)	 :

	

a)	 0	 a)E a,a- 0	 0.	 0

	

I..	 -a)	
-	 —' a)

	

0	 0
-	 0.	 0 C	 O.E E

	

0)	 a)0	 a)	 C___ o m _____ C/)EoC/)o. I- 0 0..

0	 -	 C\J	 C)0	 cc	 a	 -	 -	 -	 -	 ,-
Z	 0	 C.)	 0	 0	 0 0 0 0

c'Jcc



LU

0
0.
I-z
LU

LU
a

z

-J

I-
z
LU

z

0

>
z
LU

Cl)

LU

Cl)

><
0
LU
I-
z

-J0
Cl)

><

z
LU
a-
a-

• Q Ca CD	 C) C) C) C) C) C) C) C) C)
E C)	 C	 C	 C	 C	 C	 C	 C	 C

Co	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0
r	 C)	 C)	 0)	 0)	 0)	 0)	 C)	 C)	 C)	 C)C	 C	 C	 C	 C	 C	 C	 C C	 C

___ o Q_O 0 0 0 0 0 0 0 0
0-C

0)	 Cl)	 U)	 Cl)	 Cl)	 Cl)	 Cl)	 U)	 Cl)	 Cl)
a)	 (1)	 a)	 a)	 C)	 a)	 a)	 a)	 a)	 C)

a)
I-	 I	 I	 L..	 S_	 l_	 %_	 I

a)	 .	 .	 .	 .	 .	 .g	 .	 .g	 .	 .
CI) E	 a.	 a.	 a.	 a.	 a.	 a.	 a.	 a.	 a.	 a.

Ca	 Ca	 Ca	 Ca	 Ca	 Ca	 Ca	 Ca	 Ca	 CCa. a. a. a. a. a. a. a. a. a.
CC	 CC	 CC	 Ca	 Ca	 CC	 Ca	 Ca	 Ca	 Ca

u)C 0 0 0 0 0 0 0 0 0 0—	 4_	 -.	 —	 —	 —	 4_	 4_	 —	 -.
C) a. a. a. a. a. a. a. a. a. a.

CC	 Ee	 a)	 a)	 a)	 a)	 a)	 C)	 a)	 C)	 a)	 a)

CC	 .c	 .	 .c	 .	 .c	 c	 .c	 c	 c•0	 0	 0	 C)	 C)	 C.)	 C)	 C)	 C)	 C)	 C)
ca	 a)	 a)	 a)	 a)	 a)	 C)	 a)	 C)	 a)	 a)

Ca	 I- F- I- F- F- I- F- F- F- F--
CD	 Cl)' • C	 C	 C	 C	 C	 C	 C	 C	 C	 C

E	 2	 E	 E	 E	 E	 :E	 E	 E	 :E	 E	 :E
V.

O	 C)	 a)	 C)	 a)	 Cl)	 a)	 a)	 a)	 a)	 Cl)
-.-'- >	 >	 >	 >	 >	 >	 >	 >	 >	 >
C 0	 —

> w-Ca	 CC	 CC	 CC	 CC	 CC	 CC	 CC	 CC	 Ca
a)	 —	 —	 — —

c.	 a C	 C	 C	 C	 C	 C	 C	 C	 C	 C

Ca a	 c'j	 cv	 c'	 CD	 C')	 C')	 C')	 C')	 C')	 C')

'	 '	 '

-	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
Cl)	 l_	 L.	 •	 •

___ a-cEQ	 a- O	 a- CL D	 CL 0.. 0	 0

CD	 C	 C C C C	 C	 C C C C C
0	 0	 0	 0	 0	 0	 0	 0	 0 0	 0

	

— •.= — —	 —	 —	 —	 — :
Ca	 Ca	 Ca	 CC	 Ca	 CC	 CC	 Ca	 Ca	 Ca	 Ca

d d d d
Ca.	 Ca.	 Ca.	 CC.	 Ca.	 Ca.	 CC.	 Ca.	 ca.	 Ca.

.
CD
Cl)	 C)	 0	 C)	 0	 C)	 0	 C)	 C)	 C)	 C)	 0

2	 2 2 2 2 2 2 2 2 2 2
0.. CL CL CL	 CL CL CL CL 0.. CL

—	 -	 - — —	 -	 - — -.	 -	 -
.0	 .0	 .0	 .0	 C	 .0	 -	 .0	 .0	 .0

C)	 C)	 C)	 C)	 0	 C)	 0	 C)	 C)	 C)	 C)

a.	
Q)	 a)	 a)	 Cl)	 Cl)	 a)	 a)	 a)	 a)	 a)

___ F-	 I— F- I— I— F- F- F- F- F- I—

CD

•CD Z

o

____ C\J	 N N- N N N N- N N- N N

C

-	 C	 E

a
C	 U)	 CC	 -	 Ca	 U)

C >	 V	 U)
a)	 Cl)	 C	 C

Ca	 CC	 °	
S

0)	 0	 C

'-	 C)	 E	 U)	 C)
—	 -

0	
)	

•
0)	 o	 U)	 —	 CC	

.	 o-	 C	 0

C	 C	 a)	 V	 C)	 a)	
.	 CC

-	 C

•0	 Ca	
-	 CC	 CC0	 --	 -	 C)	 -	 C	 E	 C)

U)	 1)	 C	 a)	 '-	 0
2	 .	 .9	 °

.	 E	 I	 E	 •-	 -
CC	 Cl)	 E	 0	 0	 .	 0

___ F-	 Z - 0	 0	 C') u 0

CO	 N	 CD	 0)	 0	 '-	 C'J	 C')	 CO	 CD
0	 i-	 -	 ,-	 C'J	 C\J	 C\J	 C'J	 C'J	 C\J	 C'J

z	 0	 0 0 0 0 0 0 0 0 0 0

C')



LU

C,

0

Q.

I-
z
LU

LU
C,

z

-J

I-
z
Lii

z
0

>
z
LU

U,

LU

U)

0

LU
I—
z

>-

-J
0
U)

cJ

0
z
LU
0.
C-

Cl)
we

• a)	 -a'	 a	 w

	

0)	 0)	 0)	 g)	 .
C

zo	 0	 • a	 • a	 •o	 CLCCO)	 •ö
	0)	 0	 o	 a, 0) '	 0)	 E	 E
	C 	 C	 C	 C	 CD0'	 C	 0	 0

____ Q___ Q___ Q__ 0	 22_	 ______ ______

	

o	 o	 o

	

.a)	 a)	 .2	 a)	 Cl)	 .0
CO-	 ,

	

s	 :;	 a)a)
•C

	

0.	 0.	 0.	 -	 • a)	 I_a)

	CC	 CC	 CC	 0	 C
	0. 	 0.	 0.	 a)	 0

	

CC	 CC	 CC	 0.	 0

	

0 0 0	 cC

	

.	 .

	

0.	 >o 4-	 0.
(C	 C)	 C)	 a)	 .0I_CC	 0

	

0 0 0	 cnE

	

-=	 -	 .0	 0	 a) 0	
-	 (1) cd

	

0	 C.)	 0

	

2	

L2	 jJ	a) 	 C)	 C

	

I—	 I—	 I—	 a,
a)	 c	 c	 0	 J)

E	 E øCa)	 c Q)	 •V5CC

'I)	 0'.0C-
o	 )	 C)	 C)

	

>	 ^	 >	 0)	 -

	

—	 .	 Ca)	 Q) ,	 C
•	 .2	 .2	 O_Co. a)O

a)	 -	 0
0.

	

Cl)Q)	 I_	C')	 C')	 C')

	

E	 °

	

'	 o>ia)	 a)0.

	

0.2	 o

	

k.	 I_

	

o	 0	 0	 1.2 a) QCQ.	 og

____ - - - ____ - - ______ . . c;A

0)	 0)
	C C C C	 4- —	 0	 0

0	 0	 .2	 0	 C	 C	 C

	

—	 .	 C)	 a)	 a)	 C')
	a) 	 cC	 a)	 E	 E	 E

	

Cl)	 CO	 1CO	 E
a)	 EEEE	 )4-Cl)OQ) 0a) OC)

C)ci) a)cl) a)u)(CC	 E	 E

___	 LYL.W<
.	 .
a)	 .2
Cl)	 C	 0	 ECl)	 0	 0	 0
C) -	 ..	 .	

0	 0

	

a. a.	 0	 0	 0

	

.0 .0	 .0	 0	 a.	 a.

	

.-	 -.	 C)

	

0	 C.)	 C.)	 a
a-	 W	 LU	 LU	 LU

a)

C.)'-'
a)Z

0	
C'J	 C'.)

___ - C'.J C'.)	 ____
a) C)	 0)	 a)	 a) '	 C 0	 C)

C

a)
	C 	 '-.c	 >	 0.0.

E 00) c 0
o	

a)0
a a)2

	

0	 .0	 -	 Ca)cC
C)	 0 0	 .0 j CC	 0

	CC	 .	 Co -	 4- 0.

	

0	 I_a)

	

-E	 . 's-u

	

a)	 a)	 -I-

a)	 >	 4- oL!	 C--

	

0	 .	 .4-

C0

	

a)	 '	 0)

	

I	 C.)	 C	 CEa)	 ICDC	 a,

	

E	 0 0)	 C	
.0 ..0	 0

Co

	

CC	 0
	a) 	 a)	 a)	 CCO2C)0) Co0.C)CoO4-

	

'--	 I C

	

a)	 .	 CoØ	 Co
C)	 a.	 &53°'	 E	 CC O4-T OWI-

	

CC	 .c	 Co
____ a. U) 0 0	 . E a. Cl) a

N-.	0)	 C)	 -	 C')	 C')
0	 C'.)	 C".)	 C'.)	 C')	 C')	 C')	 C')	 -	 C'.)

ZS2 0	 0 2_ 0	 ______



w

0

a.
I-z
LU

w

z

I-

LU

z
0

>z
L

(I,

w

(I)

0
LU
I-
z

>-

-J
0
Cl)

CJ
><

z
Lii
a.
a.

Cl)

a)	 U)	 U)	 U)
0.	 CD	 .	 .	 V

-	 C)	 U)	 U)	 U)	 OC
4- -	 0.	 0.	 0)	 0.	 0.	 0.	 0.	 .GO	 E	 '-	 E	 E	 E	 E

0	 0	 0	 0	 0
___ o	 ___ 0	 0 __0	 __

E.

.	 C
U)	 .2

=	 U,
0	 0)	 0.-	 0)
V	 C

< 0	
0

4-	 -	 U)	 C.,

a)	 z	 -	 E	 - 2
oö	 C,

U)	 Cl)	 0.	 V
U)	 0.	 V	 U)x	 (I)

CO	 U)	 U)
CO	 CL

Q	 I	 C
I-	 U)

0)	 CI)	 CU.	 U)	 C

E	 -	 cc	 -.i	 o.
Cl,	 C)

E	 . _	 U)o	 0.	 U' '	 I	 I	 .0
o	 ' ^c	 E .2

0	 E .0	 -	 4-

-	 C	 C
V
U)	 U'	 V	 U'	 U)1

U'
760	 4-a)	 U) U'a.	 0	 0.	 0.-'	 --	 0.	 0.0	 a.U) CE 0.

C)	 U)0	 U)	 2	 2	 2___ ___ - 
U'	

CL	 C/)Q.	 CLZ

C)	 0)	 0)	 0)	 0) 0)o	 0	 2-2	 2	 2	 2 2c	 0
C	 CL	 CL ' 0. -	 0. c	 0..,-	 0. N 0.,-	 CL

a.'	 '	 a.,.	 a..,-	 a.,-	 ,-	 Cl)
E	 ECD E03	 E03	 Ea3	 Ecd Eo5	 0

OU o oE 0E	 E oE oE

.	 0	 0
U)	 C)

00	 CL
0	 .c50	 0	 0	 -0	 0	 '-	 C)

CL	 U)CL	 - CL	 0.

o -	 Iz_:	 -
0	 0 0

___ w	 w W	 W	 ____ W'3

0)

z-0 •.'

o	 c'J	 .	 .
___ 1	 ___ _____ c.i	 ____ __

Cl)U)	 VU'
U'	 >G)	 -

ooU)	 '-o•	 .E	 Cl)0Cl,)	 0.'-
2	 >'--	 E0. C 00-	 0 M	 CU	 U) -	 0)	 U)	 .0

V	 C

	

4-	 -	 fI CU
U)	 U)Cl)OU) '-	 U)	 oo

N	 .cci	 CU	 2E
oU)	 U)	 0oU)	 -	 c	 U)

- Cl)	 CU	 ..- -Cl)	 Dl,)
0)	 WV	

U) '4-'-	 VU)CLU'	 E	 IE-	 0.
C)	 U)	

U) 0
.4-2	 .c

U)	 0.	 CU)0)0)	 '°
.4- '-	 00E	 2

0V>	 00.
U'

a	
.2	 E4-U) 0

U) 0) 	 U)
- c 0)

-4- ._	 76 ..0 76 Cl) .j 0 0) U)	
0	 0

4-
U,W.CEV 0.

U) 0 2	 U_	 o
0

2° 22	 2o 00 U) .

___

0
0	 CD	 U)	 CD	 N	 CD 0)
z___ ___ _____ ___ ____ __

U)
CD



Ui

0

0.
I-.
z
Ui

Ui
0

z

-J

z
Ui

z
0

>
z

C,)

Ui
C,)

0
Ui
I-z
>-

>
-J
0
C/)

c'sJ

0
z
Ui
0
0.

Cl)	 CO	 Cl)	 CO	 Cl)	 CO	 CO	 Cl)O	 CO.	 CO.	 0.	 CO.	 CO.	 CO.	 0C
tE tE tE tE tE tE	 tE

.-.-	 .	 .	 .	 .	 -0	 0	 0	 0	 0	 0	 0	 0
Ca	 a)	 a)	 Ca	 a)	 Ca	 a)

___ ___ ___ __ __ ___	
____

___ C/)o. (/)a. (no. C/)o. (I)o. (no. Cflo.Z	 (no.
L CO

Q)	 a)	 a)	 a)	 0)20-CDC	 C
E	 'E	 E a)	 •CO

0) C	 C)	 a) C) '
.0a)	 a)	 0.

0.	 0.	 C
a)	 a	 .0

0)2	 C	 .0	 C
5 C)	 C) 0	 0

a)	 0	 ca)	 0) 0) = C)E	 -.	 a)C	 2	 0	 C)	 C)	 -
U)	 C	 C	 CO	 CO	 2	 a	 oji.-'S	 0)	 0)	 C	 =
C,'	 a)	 o.E	 .&?c/).).0	 U)0	 0	 -	 CD	 -4- a)'(0	 0.-'	 0. C)	 .0E	 O.9'a)	 a)	 0.	 a)	 0-	 C-U)	 0	 0)	 -	 a)	 a)

2 Cl)	 (I)	 CO	 C	
CO	 0.	 0.

Cl)	 (0	 CO	 -	 0 '	 D	 0 C C
o	 .;	 U,	

0.	 a'	 Q'2
a)	 a)	 a,	 '0..	 -	 E	 20 E2	 C/)

.0	 0.	 0.	 0	 a,	 0	 0 0 0) 0. 0
- 0	 0	 2	

CO

0	 0	 0	 0)	 CD	 '
Cl)	 Cl)	 o	 -

0	 0	 a)a).- 0) > U) CO(fl	 U)° .	 CO	 0(0 00-o	 -00)	 0) 0 0C)2a)<>' 2Q 2	 8	
•___	 oQ.c (Lc'	 (na) IL	 ____

a)	 '	 '	 °0	 0	 0	 0	 0	 0	 0	 0	 0
C	 I..	 I,-	 .	 0..	 1..	 0..	 '	 0..

Q	 Q	 Q	 O	 Q	 0.	 (1.

3 0 0 0 C.) 0 0 0 0 0 C.) 0 0 0 00 0 -'S.0)	 •a)	 ø)	 O)	 U, .22.	 .22,	 .22,5' 0 0 0 0 0 5' 0 5' 0 0 0 20 20 2 0

.	 -S
0)	 (0	 Cl)	 CO	 CO	 CO	 CO

CO	 Cl)	 CO	 (I)	 U)	 Cl)

-S	 -	 a)	 a)	 0)	 0)	 a)000>	 0	 0	 CO	 CO

0-	 0*-	 0	 0	 Ot 00 00 2t'-0	 LQ	 o-C.)

.22,	 0.,a)	 ..22,
-S 0 - 00°	 2	 2	 2a.	 ___ 

W0. WQ __ W	 UJ WWzz

a)

V.)	 'IWZ
.5o	 C'	 CJ	 C\J	 CJ	 C'J	 C\J	 C')
________ y- \j	 :-	 ___

-5---E	 '6	 '6g)00

	

	 C	 0CCO	 C	 CO	 C	 Ea)0	 E	 -a)	 4.-
Cl)	

.2	 ,	 .S '-	 C)	 a) 0 -

0	 .	 o	 E-'
0	 . C

'	 92

o	 E	 a)	 C	 COa) -	 CU)O,	 CO	 '	 0 (0 >s-	 -	 0) 0
C	 Cl)	 a)	 C	 C	 .s..	 a)	 CO

C	 C) 0
.22	 E	 CC CI..

0_C) COE E	 E	 5a).0	 E	 0
C	 E	 0

a,	 a)	 CO
2	 Ca, >	 c	 .9 a)C C-.. £9	 .-'

a)	 .	 0	
o2 £9	 --

OC)	 0C C
C>'	 CO	 -
.2	 0.	 C 0 C 8	 •
0	 COCE	 E	 a,-C	 --	 0	 £9a	 o CO0-	 '1

,.ECO 0	 CO.E	 -	 o	 0
Ca)	 2	 l)	 '5 (0 C	 0 Q'-a)'-

____ 0>a) 0a) 0.	 .	 f-o0-I-	 -o.E<

CJ	 C)	 (0	 (0	 N-	 (0	 0)
0	 -	 ,-	 -	 -	 -	 i	 '.-	 -	 -
z___ ___ < < <	 < .___^___<

(0
OD



w

0
a.
I-
z
w
w

z

-j
I-
z
IJJ

z0
>z
uJ

(I)

w
C,)

0
w
I-
z

>-

-J0
Cl)

cJ

><

z
w
a.
a-

U)	 U)	 U)	 U)
2 0 	 U)•C U)C	 U)C	 C

tE tE
4-	 4-

	

Q a) .- -	 .2. V .2. -D	 )	
a)	 a)

C Oc	 OC 2C (0	 W	 a)

	

EO E	 0)
E	 E

0)2	 C	 C	 0	 0___ (I)CI)a.	 )CJ)o. W	 0	 0	 0
0) <..0	 a)	 Co	 0)	 C'J U)	 C0	 -	 C	 Cl)	 C

o	 . EU)
-	 -	 .00) cOo	 0	 '

>	 - a) V	 a. -	 0.	 < C	 -2	 6 E°	 Eo	 >a.	 -= C 0 C	 .	 Q	 2°-	 Ea.	 c•	 I—U)	
-t	 a.

O	 Qi-	 o.-d	 E	 g
C.,

-.	 V	 -	 E -	 V - 2	 ->-.	 0

CO	 a)
-	 a)	 (1)5
Cl) c0o.—	 F—c6	 C)

a) -	 U)
2	 -	 <-	 2o	 .2t	 0)CO

U)	
o c U)	 ,- 0 I.-	 -,-'..E	 4-a.acO COCa) >0)	 5	 C

E	 V	 >'05a)	 cO0)	 2a.	 .,	 oco
0	 0)	 .0.0 >	 U)	 I 0. 0	 _ -	 C.,

o	 -	 LW	 C<	 E< ..0 0 co	 0)a)	 >ZWO	
Q. Q) .C	 0 .0VE <_	 '°a). EEQU)C	 Va)a) 0)E	 2 °-2	 _E	 C'J- EOV0) E 	 V	 V	 .a)Q) --

5	 cLU)C0V<0)	 EU)O.	 C0Q)w5- o	 >a.o 0-3 C
____ c, OO Qc	 Oci—	 5ca	 0

a)	 '
o	 2	 2	 2	 0

a-	 a-	 C	 C	 C	 C
I-	 U)	 U) E	 E	 E	 E

'I-.	 C) C'J	 C'J	 0 C'.J 0 C%J	 a)	 Cl)	 a)	 0)
-

°	 c	 2 0 00 a)	 a)	 a)
___ __ ____ _o_ : ___ ____ ____

0
a)	 U)

02	 t 2	 U)	 U)	 U)20	 ,G) a-	 U)	 U)
a)	 0)	 0)

-	 0	 0	 0
0	 0	 0

a.	 Wc.) W	 ___ a--	 ____

C.)

C.) 0.0) z

o.
____ - c.i	 ___ ____ N	 N	 N	 N-

4-U)
C	 U)	 0)
0)	 C	 a)
E	 CO	 - 0	 -

V	 C	 U)
0)	 U)	 a)
>	 V	 U)	 'E	 a-5.02	 )	 E	 0)>0. .0	 c	

V	 0)E	 C	 OCO	 0)	 a-	 Eo0	 a)	 >,	 Cl)	 0)	 0)-	 l	
U	 '	 0

-	 CO	 C	 0)0)	 0
0)	 0)	 o	 U)

0	
0)	 ..	 V

2	 E	 a
I-	 a-	 -	 .	 O	 .	 V-I--	 =

a)	 °	 ' <	 -C	 C
o	 CO	 .	 C

a)	 °	 0
C	 a)	 U)	 - a)

C	 .Q	 o	 U)	 C0)0

	

0	 V- 0	 0) --	 U)	 ._ D)	 g a.	 0. c_ E	 p-..	 0	 0)0
C	 C	 a)a)E Q	 a)	 a)	 0	 U).	 Oa)Cfl -..-0O

___ < _____ z a-a 0	 C 0o-a OoU)V

0	 -	 C'J	 C)	 LI)	 (0	 Nc.J

N-
co



w

0
a.
I-
z
w

w

z

-J

I-
z
LLI

z
0

>
z
w

C.;)

Iii
U)

0
Ui
I-
z

>
-J
0
U)

csJ

><

z
w
a.
a-

iG)
a)a.	 C)	 C)	 CO	 C)	 C)	 C)

zE.E	 C	 C)	 -	 C	 C	 C
0)	 °-o	 0	 0 N	 E<o	 g	 .	 0

0)	 0	 C	 C	 C
___ Q___o 0 ___ 0	 0 0 0-.4-	 CV	 V-	 0)0	 Ca)	 0)0)C

	

C	 CU)	 0).0.	 0)0

	

CU	 0)0	 0)-o	 4-OC))	 0

	

0	 CU	 4-	 CO.
2E	 00	 o	 0

	

C)	 c

	

CU	
CC

	

0	 .U)	 4-.

-

	

0)	 CU	 Di_CU

-	
o	 CU	 a)
O	 C	 E

	

C	 >0)	 CO	 C)C/)	 0	 >	 0,.	 CO-	 0)

	

V	 'tO)0 00)0)

E	 Cl)	 V	 '	 0

V>.. Q.U)	 C	 >s	 0.E
E
o	 C Eftcs 0
O	 E.Q QCl)

	

C/) 0 - V	 E L	 0	 0
CU —	 . 0	 OC)00	 cfl.Q) Q)4-C'J

a) C>.Q)i_ 0 C t

	

o	 C) 0)	 C)EL
•9a)Q) CC	 C

0 t	 .60 0 0. C	 0 •O ,	 C)	 0)cI)G)OC/)i_ 0l)) Q.
___ __cL g	il)O.C/). 0	 ___ ___

a)	 4-	 4-
0	 C	 C
C	 C	 C	 C	 C	 C	 C	 U)	 U)

	E E	 E	 E	 E	 E	 E
0)	 0)	 0)	 0)	 .

U)	 00)	 00)
Q)U)	 0)U)

U)	 0)
__ __ __ __ ___ __ w< w<

0)
U)

Cl)	 C/)	 Cl)	 C/)	 U)
U)	 Cl)	 Cl)	 U)	 U)

	

0) 0)	 0)	 C
o	 0	 0	 0	 0	 0

0	 00	 0	 0	 2a.

0)

0
wz

o
_____ N- N N	 N	 N	 N	 ____ C'J

0)	 C)	 0) 0	 0 0	 C .0	 C o
O	 C	 0CC	 4-	 0)U)	 0

CCUC	 a)	 xCU
C

0)	 VI..
U)	 U)V	 O	 ...0

0 •	 U)	 U)	 o0)	 OC	 EC	 —

	

0)0)	 C	 i5
E

	

0)	 E	 U)0	 E	 '-	 S4-
U)a),

0	 0)	 0)	 U)c.,
E.0	 a)	E0)O	 2	 iV0)	 C -	 0..

C)	 E	 0.	 2	 a)	 2EE	 oo.1	 0)a)	 •	 2c0)	 CC
0..	 00	E o. C	 0.	 •.	 C	 0) 0 .	 oC)0 OC= C 0)ON.i=a) CU	 0

	

U)	 ..	 C	 C .0	 = — 0.	 • C	 (I)

	

o	 C	 CO	 C/)
Ou	 CO0

	

•0	
—O	 0009 O••	

C

	

0)	 0>,____	 LU	 C/)o <B.Qo.< . E	 ___

	

0)	 0	 -	 C.J	 C')	 U)C')	 C')	 C')	 C')	 C')	 C')



w

0

I-
z
w
w

z

-J
I.-
z
w

z
0

>
z
Iii

w
U)

0
Lii
I-
z

>-

-J
0
U)

cJ

><

z
w
0
0.

()	 C.l

ao	 (1)C	 ,C
tE tE
.g2,.0OC	 OC

a)	 ca

<0 <	 < <	 < cC
___ Z	 Z	 Z Z Z Z Z Z C/)o. COo.

(I)	 C)
a)	 C
C.
o	 a)
o	 a)
(1)

0) C
a)

a)
a)C	 C)

-4-
C-

U)	 CL	 CL	 CL	 0.	 0	 CL	 O	 CL	 0.4-
(0	 '	 -

.9C	 C	 C	 C	 C	 C	 C	 C
a)

C	 0	 0	 0	 0	 0	 0	 0	 0	 .
0)	 .0	 -D	 .0 .0 .0 .0 .0 .0	 o	 .0

E	 a)	 0)	 a)	 a)	 0)	 a)	 0)	 C0	 CD

E	
(0	 (0	 Cl)	 Cl)	 0)	 U)	 Cl)	 q)C

o	 0	 0	 0	 0	 0	 0	 0	 .C)o -	-	 3	 13	 -	 -	 D	 q
0)	 0)	 0)	 0)	 0)	 C)	 0)	 0)	 C)
C	 C	 C	 C	 C	 C	 C	 C - C)
.5	 .5	 .5	 L5	 5	 5	 .->C	 C	 C	 C	 C	 C	 C	 C
0)	 a)	 0)	 a)	 a)	 a)	 0)	 )	 00.	 C.	 C.	 C.	 0.	 C.	 C.	 C.	 a)

CC	 0	 •C	 .0	 0	 .0
o	 o	 0	 0	 -ö	 -	 -

E	 o C)
C	 C	 C	 C	 C	 C	 C	 C

____ o	 0	 0 0 0 0 0 0 0o co5

0)	 0)	 0)	 0)	 0)	 0)	 0)	 0)	 0)	 0)	 0)
C.'	 2	 2	 2	 2	 2	 2	 2	 2	 2	 2

CL	 CLo, CL CL CL CL CL CL CL	 CL
1	 (0w.	 (l)	 (0	 Cl)U)tø	 .Zio	 -	 -	 -

° cd	 0 CsJ (.	 C.)	 0°	 .a)	 .2. £i	 .22.	 .22. £	 .	 .'	 .22.	 .22.5E	 'E ö'00000006'05	 Oo O
___ ___	 __ bODtOtCL	 CLt.
.a)Cl)

c2	 2

2	 <	 <
____ ___ Z	 Z Z Z Z Z Z Wz Wz

0)

o
OZ

o	 cJ	 c'J	 cJ	 c'J	 c.J	 c\J
________ ,. -	 -	 __ __

a).0 a).	 =.0 C	 a)	
Cl) CC

.0 E .0

C	
12.	 a)0)i-.	 0)

0)	 c
C.U)

.0 - .0 E E -	 0	 0)

a)	 a)0 0)	 0	 .0
CI_ _	 -

0	 E	 E
0.0 >	 CC	 -	 .0	 a) C

I-	 .
'-ö	 2	 .2 C	 C

a)	 a)	 CC	 C
CL	 a	

0	 O' -	 -	 U)a)i.	 CL

I	
.	 O	 .	 C.)	 a) 4-

z-	 .	 .	
0)	 E	 Ca)a) C

00(1) Cl)	 a)	 C
E 0 0 5U	 o	

.	 80
0	 (I)

-	 °	 a)	 C C

12 .0d02	
)	

.	 C 4-

a) ") a)	 U)	 C.	 0	 0.5	 E	 0	 0)
.0 a) C) -U)a)	 Cl)Wa)	 4	 L....	 C0(/)0 000)	 - U)	 C.	 9	 C)

-- ..	 4-	 00Q)C o22	 E CL	 Q)	 Cl)	 C	 00	 C)Q)O	 I	 CDo. <o cC	 >	 Co______ CL 0 CL i... U) CL	 _____ _____ _____ _____ _____ ______ _____

CJ	 C)	 -	 LO	 CD	 N-

0	 < < < < <

Z	 CL	 CL	 CL CL CL 0 CL CL CL	 CL

0)
CO



w

0

a.
I-
z
Lii

w

z

-J
I-
z
w

z0
>zw
C;)

w

Cl)

><0
'ii
I-
z

>-

>-J
0
U)

z
w
a-
0

•D	 (I)	 U)	 U)	 U)	 .2
0	 U)C	 U)C U)=	 U)C	 )

tE tE	 .0

a. (	 -	 V .?. V	 V	 a)
0	 0	 0	 Oc	 E

a)	 =
0.

Q)g> 	 a)a)g	 a)	 C)	 E
a)	 =	 0

___ (1)0. (1)0.0)0.	 (1)0. (1)	 0	 0
4-
U)	 •v;	 WOCS)5	 VVco=	 •=- 4-4-0)	 C)	 C4-o O .2i_	 V>.U)	 -WC

c.?	 DU)2	 8
C)	 C)=	 =	 U)o	 O.	 ..-E

oo,-	 E	 c$€ _0>0	 20>o.	 00V	 V	 VO
V	 V	 = . > V 0	 U)	 0	 0

	

4-'	 —
a)	 U)	

°	 :2U)0.	 0-	 0
2	 2	 4-CCU	 0)	 -- =

—	 a>	 .VU)	 U)ci
U)	 >	 a>a>c	 a-	 o.Ea)U)	 5>

	

? E E	 c— 0V	 a>c	
02 .C'EE	 a>U)o

.2cCC	 •_•
'	 Cfl0a>

E	 >	 •a>	 VU)22	 'E	 .0	 0	 a- a)	 -	 c ) 0-
o
o	 •	 V	 U)4-ó

0)U)	 )U)U,cU) W0V
a)	 a>V	 V	 "-	 :5_ 0-oa)a>

O-	 0C)C 0-	
0 o.	 .

a)	 U)	
°tE2ta>	 a,=	 CQ.C)	 Qa>..-Q. oQ) 0-

0- .c 0 E)	 C)	 CEC	 °0Q).(C	 U)C°U) a>a) 0 0
___ WC) WC)

0	 0	 0	 0
C	 l._

a_	 o	 .	 =
a,	

a--

0 -	 0 i- C.) C\J	 0	 U)	 ,	 U)
a,	 t3	 U)

°	 2	 0
___ b ba.t.	 fl	 ____ ___

.
a,
U)	 ._	 .,

>	 .=2	 .c	 .c
0 a-	 U)

z8 e	 0
a)_..	 a)

I-O	 °	 0
a. Wz W W	 ___ -	 ____ a--

0)

Q

o	 c%J_	 c\
____ ____ '	 ________ ____ N	 N-	 N-

a>	 0
C)	 .4-.
V	 EI_-s	 a)00	 i	 -'CO	 E	 U,

U)
U)	 0CU

Co.	 I.-
C"
.0U)E	 00	 -

U)	 U' 0	 24- 4-

4-	

0C	 >
a)	 a)

4-	 '	 E
.2	 oC>,U)a)	 (1)	 a)	 .	 5X

>	 4-
a-

- >0.	 -	 E
E	 0	 a)	 a)	 =

2C
U)	 0	 E	 U)4-

Lii	 U)
0	 a)	 (1)	 Cfl=2.20	 >	 Q 04-

___ H0 a-a	 a. ______ _____ o

0	 CV)	 LC)	 CD	 N	 CD	 C)
z	 a.	 a.	 a.	 a-	 a-	 a.	 a.

0)



w

0
a-
I-z
Ui

Ui

z

-J

I-
z
Ui

z0
>z
Ui

C/)

Ui

U)

0
Ui
I-
z

>-

>
-J
0
U)

csJ

z
Ui
0
0

U)WO	 Co.

tE
.2--i	 a)	 a)

C)	 c	 .2N	 C)	 C)
C)	 0.0	 N	 N	 0)	 C)	 E	 C)<Q	 C)	 C)

0)	 0)	 -.	 0	 a)0
___ _____ ___ Q_Q__z 00 ____

U) U) >

00W

CO	 Wa)C)	 0
C) o0

0-.
0	 _C)

U)	 0
CI)

C

ci.	 .

.	 .0	 0
U)	 E	 E	 Z	 a)>C

- .0 Cl)0)	 0	 o	 -
CI)	 N-
E	 -	 C) a)	 a)

E	 0	 E
0	 '	 °'	 iE8	 >	 0	 -	 OQ)

.0	 CCOcc
0	 .	 0)

a)2	 CI)	
.	 U)

cc	 CO
C	 C)	 CUCOW>	 0)	 CU	 .0.0	 C	 t

U)	
.0	 —	

0	 0. a) U)
U)	 C	 C	 0.
CI)	 0	 0	 a)	 a)	 QCCOO

______ I-	 ______	 ______ - ______ C/) . Z

U)	 —	 — C)	 C)
o ooö—. 2

E
Co	 Cl) U)	 C)

U)	 a)	 Cl)	 — U) E	 - 0 0
0a)•-U)	 Co	 U)

c	 cc	 CU	 CU

____ _______ ____	 W <	 CO CL

•0	 0

0)	 I-
CO

U)	 Cl)	 U)	 U)
C.)

L	 U)	 Cl)	 CO	 U)	 U)
0)	 CI)	 CI)	 U)	 CI)
o	 0	 0	 0	 0	 1Z20	 0	 2 2 a	 0 00 0___ _____ ___	 ___ _W ' W
0)

o
wz

o
____ N	 N-	 N N N	 ) -	 ______

>s0	 C)	 -	 U)	 -	 0 a)	 =
.0C W

.	 -
0	 ccj	 0

2t,	 .	 CU

a. •	 C) —	
a)	 U)

	

0	 .	 0 CI)C)	 o)W- co--

0 E0 C	 a

	

-	 C) CQ)0-..	 0	 —	 CI0
.	 CO	 cQ)	 _.	 0

EN-CUCU	 o	 W5	 (0I-	 •	 ..
E°-	 E.E	 cocc"— E	 . o .0a)

	CU 0 — C	 Co	
U) E .	 -

	

-o	 0 CO	 CI)

	

'	 Co o	 0"	 CCUC	 C0oo	 CQ)	 0
o2 C0	 C)0 OEC	 E

a) 0. CI-	 E-
CW.0	 0	 °€0CU

___ 0a) ___ 0°OaEU)CLCI)0.0

o	 ,-	 C'J	 C)	 LC)0	 i-	 -.	 -	 ,-	 -	 1-	 C'J
za-	 ___	 -_	 ____

1C)



Ui

a:

0
a:
a-
I-
z
Ui

Ui
C,

z

-J

I-
z
Ui

z
0
a:

z
Ui

C/)

Ui
Cl)

0
a:
Ui
I-
z

>-

0
U)

cq
CJ

><

z
Ui
0.
0.

U)	 U)	 U)	 U)	 U)	 Cl)
0	

C/).	 l).	 Co.	 U).	 Ci).	 U).4--	 4- - -E tE tE	 oE o
.-	 V	 V	 V ..	 * V	 V	 VOC Oc OC U)	 OC	 'C Oc	 _co	 cci

Q)g	 E	 C) E	 N
0)

L. 0	 0)2	 0	 0)2 0)2
___ C/)0.C/)a. C/)o. 0	 (l)a. (.)	 (l)- Cl)o.	 ____

V
0	 •U)U)	

C)C'

CI)	
0	 V	

C OQ

E	 .	 CI)	 0>'
CU

-C	 )	 (DC	 ,.	 cU)	 0) 0)	
U) 0. (U	 >•Co	

co	 a	 2w	 Eoa)	 v	 QU)	 C'J.E	 w2.0	 C CD	 I CD	 VCD	 o I-	 w -0)	 0	
o0	 .4-

C	 V	 E EV	 E(D
U)	 o	 0	 Cl)3	

0.)	 cUC) 0)0)	 VU)4-. 	.-
Cl)	 CU	

0	 0.o	 °'V	 oc	 -	 EE
4-'	 Cl)	 .	 0)
C	 C	 Co -	 28	

U)	 Cn

ocU	 c VU) 4-'<2--	 E.00)	 .-	 C	 C	
V 0 V CU .	 0.	 C C) VU) (U	 (1) •	 0) 4-	U)

o	
0)	 Q)	 4)	 V	 E

0	 0	 V	 .	 'cU	 2

	

-	 ' ..0
Eo.

R	
8

0 Q).'o O<CU
0	 U)CJ Q	 f\O	 W0)0C	 1U)4- U)

U)	
U)	

.	 0)	 0 '	 U) E
VV ED)li •	 • 1UJ >. 0.)= -0 0)	 •°U)	 '	 C)0o. 00. 2	 0 •_>____ C/) c 0.	 <E 0 co WI 8 .	 ___	 (U <. 0.0)

0)	 0)	 0)
0	 0	 0	 0	 0	 0)	 0	 00	 I-.	 U) Cl)

0. 0. 0. 0. 0.	 - 0. O
0) 0.	 0E4- - 4-

0 i- 0 ,- 0 ,- 0 CY) 0	 0	 0	 0	 U)

.2. jj .2,	 .0)	 jj	0)	 0.) 
j 

• U)	 •W

a:	 'Q2Q2CO___ __ __ __ __ ___ a.to _____ ____
0	 0	 2	 2 2	 20	 0-	 0-	 0	 0-	 0U)(I)	 -	 .	 -.	 -	 .-	 - Cl)

0	 0	 0	 0	 0	 0
0).	 0).	 0).	 0)	 0).	 CD.	 0.))	 ci)
'z	 ZL	 'Z	 C)	 tz:'00. 0 0- 00. c 00- 00.. 0Q 0Q	 0__ W3LLJ3W3W W3 W3W3W	 W

0)

0

o	 c	
ci	

C'J	 C'J	 C'J
____ ,	 ____	 .	 ______

V	 V
C	 C

.2	 EC)	 C
C	 U)	 U)

-	 E	 C.)
0	 0.

U)	 C
0)	 0)	 -	 .

C)	 E	 0)	 .	 0C	 0	 .	 E	 .	 U)-
0)	 U)	 -	

co	 ..	 o	 C

C)	 0	 0)	 C
-r	 CU	 0

.0	 .	
U)0	 0)	 .	 C

C)	 C	 Cl)
-	 U)	 U)	 .	 V	 -

.2 V -.	 C	 =	 4-	 C	 U)	 U)
4-

E	 C	 U)	 0.
U)(U	 •Q)	 E	 a	

C
>	 0

co	 -	 C 0	 0E	 Cl)0) C I	 VC-	 C	 C-	 =U)o.	 .E	 0	 2.2	 00
__ 0Q-	 88	 __ ____ o

o	 c'	 U)	 (0	 N-
z	 0 0 0 0 0	 0 0 0	 0

cJ
0)



LU

C!,
0

0.
I-
z
LU

LU

z

-J

I-
z
Iii

z0
>z
LU

LU

U)

0

LU
I-
z

>-

-J
0
U)

cJ

x

z
LU
a.
a-

0 C

N- a,
•	 0)	 C)	 C)	 C)	 C)

-c	 .2	 C	 C
0 —	 0	 0

C)	 C)	 E	 C) Q	 C)	 C)
Ca	 C	 C	 0	 C	 )	 C	 C

__	 0	 0	 0	 0 C')	 0	 0
-	 VU)	 4.r,	 CJ	 a,Ca)2	 C	 4-a)ca
-	 VE.2	 E,	 OU)g

0)
N	

4-
0 -	 .	 9)	 C 0 -

0)	 ca ca	 C >.	 C/) ca	 i V
a) C -	 - W 2

(/)_	 0	 X	 -
COC	 <	 C	 >a32	 '

Q0 I-
°' E	 -	

0
E a,Ca)	 .Q0E	 4-	 a)

O- o0>	 C
a)9	 0ca	 c'	 'E o° a)CD a)	 2	 0 0a,Cl)	 00 0)	 C C) •'° Ea)C/)	 <

a)	 OC	 —	 a)
o a,	 --	 0	 E	 a,°C

C-	 '- - V a)	 V C	 C)	 E 2a)V	 Ca)a) •	 -ca tC)W-.
OCao	 a)	 0

C	 >.WVV CCC	 _V	 I...	 -	 -
EOa,	 Ea)°0 •	 (/)CC =

a)E-	 5,a)a)C	
-	 2EE >. •a)-;5a) C

0a,Q) a).4—	 0'— Q
V E > C	 - 0 C	 -

U)a,	 a)	 a)	
V
- 0.2C	 2V

C) ' a) o	 a) C) C	 0	 .	 O C) C C'J
___	 Zo ____ Ca)Oa)00E.	 0caCaCaC

a)	 C)	 C)	 G)

0	 a)
0.	 o-

t	 Ecd,- Cl).-

	

a)	 .a)	 ,-	 a,C)
oE,_	 a)0

___ __ ___ ___	 C/fl _____ ___
a)

	

C,)	 C)	 C
C I--CE	 C	 a)

0	 E
Ec0

___ w a w w	 ___ ____
a)>
W Z
..
o
_____ C'.J - CJ	 i-	 N-	 N-	 C)	 U	 U)

C
	O 	 .2	 >

4-
o	 -

C	 E	 E	 C.	 0

O	 2	 -

	

_	 a)

Cl,
a)

0
4-	 V.-

	

-	 (1)	 C	 CO
C)	 a)	 a)
C	 a)	 .d1	 E	 >'

	

-	 -
E	 >	

_ca
E

	

9)	
-	 CD	 -C)	 ca	 Eo

	

C,)	 0-	 -'-	 C	 C
I-	 E	 C	 o	

00
a)	 .	 -	 E	 V

	

oo.	 C)
>'	 0	 Cl)	 -	 -	 O
a)	 E	 -	 C)

4-
a)	 a)	 :	 >	 •-	 -

E	 E caO
a)	 )a)	 C	 o

t	
2	 oQo

-C a)	 0	 --	 0_wa)
0	 CD	 a)	 c W	 0->

___ z z	 .o	 Ow	 .	 ___

CJ	 CD	 It)	 CD	 N-	 CD	 C)

	

0	 -	 '-	 1	 -	 ,-	 1

	

__ O 0 0	 0	 00 0	 0

CD
0)



LU

0

I-
z
LU

LU

z

-J

I-
z
LU

z
0

>
z
LU

LU
U)
><
0
LU
I-
z
>-

-J
0
U)

cJ
><

z
LU
0
a-

•CC
Wa

3	 C)	 C)	 C)	 C)	 C)	 C)	 C)	 C)

	

C	 C	 C	 C	 C	 C	 C
0	 0	 6	 5	 6

<0	 )	 C)	 C)	 C)	 C)	 C)	 C)

	

C	 C	 C	 C	 C	 C
___ 0 0 _O 0 Q__0	 0 0

D .0	 0 a)	 a) .0 U)	 -	 U) a)	o 	 Q)	 4	 C	 0
U)=	 .	 C)c

U)

	

o	 v	 Ed
	0. 	 •Q)	 (0

	

a)	 w	 -d	 -E	 a)2o
U)

	

I—	 2	 o	 o,C°	 0	 CC	 O)a) 2 -ci	C 	 .CC 0Ea)o CC) a)

	

a)	 00	 E	 E2 °
CI) 0	 0.	 ga)	 2v8Ca)	 a) 0	 C	 0.	 • 0.

..0	 (J)o.	 5U)	 C)	 C).^	 U)	 .0

	

0)	 C	 C
C.,	 a)	 a)C

0	 Ca)	 0	 EE0
C	 C.0 oE

°E	 - 0-a) U)	 0>.0EU)
0 (J) =>	 --

E	 C.-	 0	
EU)C)o	 C

o	 C2C)Q) CU) U)a)U)()	 U)	 a)	
a) '-.0w-	 Cfl	 a)

0a)	 .:;a)	 a	 ()	 U)
60u 2a)C C	 oa)
C)O)C

	

0.	 0)	 0' 0 a- a' -	 0	 0	 a) 0 a)
-	 C)0 U)	 '	 —

l-C C)>a) ^(J)0	 0C)	
a)(fla)a'L.

C	 a)
___ Q__Q_ 1<0 (o W _____
____	 ____ ____ ______

a' — —	 4— —O	 .2	 C	 C	 C	 C
a)	 a)	 a)	 a)

a'	 E	 E	 E	 Ea)
a)	 0-a)	 0	 U)	 coo' cn4—	 — Cl) — U)	 — U) — C/)
a, >	 Oa' OQ)	 Qa) 0a)a)	 WU) a)w	 a)o a)U)

U)CI)
___	 (/)1 ___ W<W<	 W<W<
a'

o	 0) 0)	 0) C)
C!)	 C!)	 C!)	 C!)	 C!)	 C	 C	 C	 C

____ !L_	 W	 W	 LU	 LU

a,

C.)

C0
____ L	 U) U) U)	 U)	 N N	 N ____

a	 )	 a)
C)	 C)	 C)4-

	

C	 a'	 0	 a)	 a)
C	 a)	 :2	 U)	 U)	 (00	 E	 "

C

	

—qi0	 _a)C 0.	 E a'	 a)	 C)
a)	 —a) >

Cl)

	

Eo C	 C	 0

	

..s — a)	 C)	 C)
.0)	 a)	 C	 a)

	0-a) a)	 —	 E	 0	 0

	

'I—	 a)	 .a) 0)	 C)C)	 C -
•C)	 a)_a)a,	 C	 C)c3	 a)	 C)

ca a)	C)
>

	C 2 >. a'	 C)	 C!)	 — —	 4-
- '- C) C	 I	 C	 -	 -	 -a' 2 > C)C CU)	 Cu)

	

0	 0	 C	 a'
c	 C)0C)

E	 0- C)E 0	 0
a)a' .CU) C C	 0	 O	 Ol))	 0a, 0a)— 4—	 :-

	

0 8)	 >	 .	 E 5	 C 5 C u0a)
> C)

	

___ C< a-	 ___ ___	 ______ ____

o	 —	 CJ	 C)	 U)	 CD	 N0	 C'J	 C'J	 C'J	 C'J	 C'J	 C\J	 C\J	 C"J	 C'.Jz	 a	 _	 (	 C!)	 C!)	 C!)

0)



w

0

0.

I-
z
w

w

z

-J

I-
z
w

z0
>zw
Co

w

Cl)

><
0
w
I-
z

>-

>
-J
0
Cl)

CJ

><

z
w
0.
a-

a)
C
a)

C
Ca
a-
0,
(a

a)
0

a-

C
Ca
0

C)

C)

a,
C.)
(U
a)
a

0

C

a-

a
(a
0

LO
C)

wo

<0
__ o a

C)

04-

0
E

0
U)
4-

U)
a)
E

—	 a)
Cl)

(I)
I-

E
o
o

I.-

a)
E•

V

cD L-

C)Q.

a)	 —	 4-.
0

	

a)	 a)
E E

a)	 0(I) 0U)

	

U)	 ..-.U)
w	 ()Q) ()Q)

___ uJ<w<

a)
U)
C,,
w>l

o	 C)
0

___ w w

a)

.0
0

•0	 a)
a)	 o(I)

0.	 0C
E c-
o
0	 4-k-

.i_
o	 •))

• U) O

C,,
I.-

— a) V
Ca)

a)0Q)
C)	 0U).0

0o
C)

0C
) ( C)

C•5	 .
0.

____ ca

C)	 CC
0	 C'.J	 C'J
z	 0 0

8
0



APPENDIX 2.9: SOLVAY INTEROX'S EMS - RCLP MANUAL CONTENTS

AMENDMENTS TO THIS ISSUE

CONTENTS

DISTRIBUTION

MANUAL HOLDERS INSTRUCTIONS

0.0 INTRODUCTION

	0.1	 General Arrangements
0.2 Links to EFQM

	

0.3	 Explanation of Section & Page Numbering
0.4 Amendment Protocol

	

0.5	 Links to Site ISO 9002 I Company Standards

	

0.6	 Suggestions for improvement

	

0.7	 Scope and Field of Application

	

0.8	 References

	

0.9	 Terms and Definitions

1.0 LEADERSHIP AND COMMITMENT

2.0 INITIAL REVIEW

3.0 POLICY & OBJECTIVES

3.1	 Policy Statement

3.2	 Health, Safety & Environmental Objectives

4.0 ORGANISATION

4.1	 Structure & Responsibility

4.1 .1 Individual Responsibilities for RCLP

BS 7750 Annex
A.1.2
ISO 14001 Annex
A
EMAS Article 3b
PSM 1

ISRS 1.1
BS 7750 4.2
ISO 14001 4.1
HS(G)65Sect2

ISRS 1.10
BS 7750 4.5
ISO 14001 4.2.3
HS(G)65 p32

ISRS 1.9
BS 7750 4.3.1
ISO 14001 4.3.1
HS(G) 65 Section
3

496



ISRS 1.7
BS 7750 4.7.1
BS 7750 4.9

ISRS 1.14
BS 7750 4.7.2

APPENDIX 2.9: SOLVAY INTEROX'S EMS - RCLP MANUAL CONTENTS
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BS 7750 4.8.2
iSO 14001 4.3.6
HS(G)65 Section
4

BS 7750 4.5

ISRS 7
BS 7750 4.8.2
PSM
iSO 14001 4.3.7

APPENDIX 2.9: SOLVAY INTEROX ! S EMS - RCLP MANUAL CONTENTS

5.0 IDENTIFYING HSE REQUIREMENTS

	

5.1	 Legislative, Regulatory & Policy Requirements

	

5.2	 Critical Task Analysis and Procedures

5.3 Environmental Effects Assessment & Register

5.4 Environmental Process Hazard Reviews

	

5.5	 Process Hazard Analysis

6.0 SET TARGETS AND PLAN

	

6.1	 Prioritising & Setting Targets for Improvement

6.2 Planning Control Requirements

	

6.3	 Identification of Performance Criteria & Indicators

	

6.4	 Emergency/Incident Control

6.4.1 Leadership & Administration of Emergency Procedures
6.4.2 Scope of the Emergency Plan

7.0 IMPLEMENTATION & CONTROL

7.1 Commitment of People

7.2	 Controls of Special Effects

7.2.1 Health and Hygiene Control
7.2.2 Personal Protective Equipment
7.2.3 Safe Work Practices
7.2.4 Off-the-job Safety

7.3 Purchasing & Contractor Control

ISRS 1.16
BS 7750 .4.4.3
ISRS 4
HS	 (G)	 65

Chapter 4
BS 7750 4.4.2
ISO 14001 4.2
BS 7750 4.4.2

PSM

HS(G)65 p20

ISRS 12
ISRS 11
PSM 8
ISRS 20

HS(G)65 Section
4
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APPENDIX 2.9: SOLVAY INTEROX'S EMS - RCLP MANUAL CONTENTS

7.3.1 Procurement of Goods

7.3.2 Contractor Selection and Management

7.4	 Process Control

7.4.1 General

7.4.2 Maintenance
7.4.3 Rules and Work Permits
7.4.4 Mechanical and Safety System Integrity

7.5 Management of Change

7.5.1 Design and Pre Start-up Safety Review

7.6 Outputs from the Manufacturing Process

7.7	 Storage and Transportation

8.0 MONITORING

	

8.1	 Verification, Measurement & Testing

	

8.2	 Planned Inspections and Maintenance

8.3 Task Observation

8.4 Auditing & Systems Evaluations

8.5 Non-Conformances

8.5.1 Corrective & Preventive Actions

8.5.2 Accident / Incident Investigations

8.5.3 Accident I Incident Analysis

BS 7750 4.8.2
ISO 14001 4.3.6-c
ISRS 19
ISRS 19.2 & 19.3
BS 7750 4.3.5
PSM

BS 7750 4.8.2
PSM
ISO 14001 4.3.6
HS(G)65 Section
4

ISRS 8
PSM

ISRS 14, PSM

PSM

BS 7750 4.8.2

BS 7750 4.8.2
ISO 9000 4.15

ISO 14001 4.4

BS 7750 4.8.3

ISRS 3

ISRS 6

ISRS 1.8
BS 7750 4.10
PSM 11
ISRS 13

BS 7750 4.8.4
ISO 14001 4.4.2
ISRS 5
PSM 10
ISRS 9
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9.0 MANAGEMENT REVIEW

9.1	 Management Review Meetings 	 ISRS Element 1.6
BS 7750 4.11
ISO 14001 4.5

APPENDICES

1	 Solvay Group's Responsible Care Guidelines
2	 CIA's Responsible Care HSE Principles
3	 Organisation Structures
4	 Responsible Care & Loss Prevention Document Levels
5	 Index to Procedures / Manuals
6	 Cross References including BS 7750, ISRS etc.
7	 Amendment History
8	 Current HSE Objectives
9	 Suggestions for Improvement Form
10	 Current Policy Statement
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APPENDIX 2.9: SOLVAY INTEROX'S EMS - RCLP MANUAL CONTENTS

9.0 MANAGEMENT REVIEW

9.1	 Management Review Meetings

APPENDICES

1	 Solvay Group's Responsible Care Guidelines
2	 CIA's Responsible Care HSE Principles
3	 Organisation Structures
4	 Responsible Care & Loss Prevention Document Levels
5	 Index to Procedures I Manuals
6	 Cross References including BS 7750, ISRS etc.
7	 Amendment History
8	 Current HSE Objectives
9	 Suggestions for Improvement Form
10	 Current Policy Statement

ISRS Element 1.6
BS 77504.11

ISO 14001 4.5
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APPENDIX 2.10: SOLVAY INTEROX'S EMS - SUPPLIER ASSESSMENT QUESTIONNAIRE

SUPPLIER ENVIRONMENTAL QUESTIONNAIRE

SECTION A: GENERAL INFORMATION

Name of organisation

Address of organisation	 Telephone Number

Facsimile Number

Number of employees

Names and titles of those responsible for Products supplied to Solvay

environmental matters.	 Interox

Are any of these director/board level appointments? 	 Y/N

Please supply the name of a contact person for verification purposes.

Is your company certified to the Quality Standard BS 5750? 	 V/N

Is your company affiliated to a Trade Association? 	 Y/N

If, yes which one?

SECTION B: ENVIRONMENTAL MANAGEMENT

1. Do you have an Environmental Policy? If "Yes", please supply a copy. 	 V/N

2. Does your organisation have an Environmental Management System? 	 Y/N

Is this custom designed by your organisation or based on BS 7750,

EMAS, ISO 14000 series, CIA's: "Integrated Health, Safety and

Environment Management Systems" guidance?

3. Are you intending to achieve certification to any environmental

management standard within the next 5 years? 	 V/N

If "Yes", please state which standard e.g. BS 7750 and EMAS in the

U.K.

4 a. Do you have registers of the environmental effects of your activities?	 YIN

If "Yes" do these include inventories of: 	 - emissions to air?	 V/N

- discharges to water?	 YIN

- waste?	 Y/N

- resource usage?	 YIN

- nuisance effects?	 YIN

- indirect effects?	 V/N

4 b. Do you have formal procedures to assess these effects / risks? 	 V/N

4 c. Do you have comprehensive formal waste management procedures? 	 YIN
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APPENDIX 2.10: SOLVAY INTEROX'S EMS - SUPPLIER ASSESSMENT QUESTIONNAIRE

4 d. Do you have formal procedures in place for responding to emergency YIN

situations?

5. Do you have formal procedures for keeping a register of relevant

regulatory, legislative and policy requirements?	 Y/N

6. Do you undertake regular environmental training of your personnel? 	 Y/N

If "Yes", can you provide details of the nature and frequency of this

training.

7. Do you have an environmental management programme for the site? 	 YIN

If "Yes", does your environmental management programme include:

- Waste minimisation initiatives?	 Y/N

- the consideration of the recycling and reuse of waste?	 Y/N

- energy efficiency initiatives? 	 YIN

- improved monitoring?	 Y/N

- improved containment?	 Y/N

- effluent treatment?	 YIN

- any others?

Please indicate with a / which of these are being driven by legislation

e.g. through an Integrated PollutionControl Improvement Programme.

8. Have you conducted a Baseline Review/Audit within the last 5 years? 	 YIN

9. Do you undertake regular environmental audits? 	 YIN

If "yes", do these environmental audits include: - site audits?	 Y/N

- supplier assessment?	 YIN

- waste contractor assessment? 	 Y/N

- any others?

10. Has your organisation been prosecuted for an environment related

offence within the last 5 years? 	 YIN

If "Yes", please supply details.
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APPENDIX 2.10: SOLVAY INTEROX'S EMS - SUPPLIER ASSESSMENT QUESTIONNAIRE

SECTION C: PRODUCTION PROCESS

If you supply more than one product to Solvay Interox, please photocopy this page and

complete accordingly for each product.

ProductName _______________________________

1. Please briefly describe the process by which you manufacture the

named product you supply to Solvay Interox.

2. Is this process subject to control by enforcing authorities e.g. HMIP's

Integrated Pollution Control in the U.K.? 	 YIN

3. Please describe the main environmental releases from your process e.g. COD,

VOCs, special and non special wastes. An indication of the order of magnitude

compared to production would be helpful.

4. Please describe the environmental protection installed to mitigate the effects of

the manufacturing process.

5. Please specify any intended technical environmental improvements for the

manufacturing process.
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APPENDIX 2.10: SOLVAY INTEROX'S EMS - SUPPLIER ASSESSMENT QUESTIONNAIRE

For validation purposes, would it be possible for us to verify the responses to

this questionnaire by such methods as requesting further information and/or

site visits and meetings?
	

YIN

Name of person who completed questionnaire

Position

Thank you for your time and co-operation.

Please return the questionnaire, your environmental policy (if applicable) and any

comments to:

MS E. GOODCHILD

P.O. BOX 7

SOLVAY INTEROX LTD

WARRINGTON

CHESHIRE

WA4 6HB
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APPENDIX 2.12: SOLVAY INTEROX'S EMS - EMISSION INVENTORY CHECKLIST

YEAR

EMISSION INVENTORY CHECKLIST _______ _____

Information Required 	 Procedure	 Resp. ______

EFFLUENTS________ _______ _____

RiverMersey:	 __________ _________ ______
Average C.O.D (mg/I) 	 8.1 El 2	 _________ ______

Average H 202 (mg/I)	 8.1 El 2	 _________ ______

Average B203 (mg/I)	 8.1 El 2	 _________ ______

Average Boron (t/a)	 8.1 El 2	 _________ ______

Tonnes C.O.D (Va)	 8.1 El 2	 _________

TonnesH2O2 (t/a)	 8.1 El2	 _______ _____

Tonnes Boron (Va)	 8.1 El 2	 _________

Consent Fails (%) 	 8.1 El 2	 _________ ______

Breakdown of C.O.D ex Well Water (te/a)	 8.1 El 2	 _________ ______

Caprolactone to Sewer:
Total Flow (m 3/a)	 8.1 El 2	 _________ ______

AverageC.O.D (mg/I) 	 8.1 El 2	 _________ ______

TonnesC.O.D (Va)	 8.1 El 2	 ________ ______

Tonnes Suspended Solids (Va)	 8.1 El 2	 _________ ______

Consent Fails (%) 	 8.1 El 2	 _________ ______
Effluent Charges (CIa)	 8.1 El 2	 _________ ______

AO to Sewer:
Total Flow (m 3/a)	 8.1 El 2	 ________ ______

Average C.O.D (mg/I)	 8.1 El 2	 ________ ______

Average Suspended Solids (mg/I) 	 8.1 El 2	 _________ ______

Tonnes of C.O.D (Va) 	 8.1 El 2	 ________ ______

Tonnes of Suspended Solids (Va) 	 8.1 El 2	 _________ ______
ConsentFails (%)	 8.1 El 2	 _________ ______
Effluent Charges (i/a) 	 8.1 El 2	 _________ ______

Tonnes Quinone & Derivatives (t/a)	 8.1 El 2	 _________ ______

Tonnes Di-n-Butylamine	 8.1 El 2	 ________ ______

Persalts to River
Tonnes of COD ex PBS-4 	 8.1 El 2	 ________ ______

Tonnes of COD ex PCS	 8.1 El 2	 ________ ______
Mercury & Cadmium Releases
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APPENDIX 2.12: SOLVAY INTEROX'S EMS - EMISSION INVENTORY CHECKLIST

EMISSION INVENTORY CHECKLIST _______ _____

Information Required	 Procedure	 Resp.	 I
Persalts NaOH usage	 8.1 El 4 _________ ______
AO Plant NaOH usage 	 8.1 El 4 ________ ______

Boiler House Effluent Av Hg & Cd (mg/I)	 8.1 El 2	 _________ ______

Boiler House Effluent Flows (m 3/a)	 8.1 El 2	 _________ ______

New DMW Plant NaOH usage 	 8.1 El 4 ________ _____

New DMW Effluent Average Hg (mg/rn3)	 8.1 El 2	 _________ ______

New DMW Effluent Flow (m3Ia)	 8.1 El 2	 ________ ______

Average Hg & Cd in well water	 8.1 El 2	 ________ ______
Average Hg in NaOH	 8.1 El 2	 ________ ______

Hg ex Old DMW Plant (gla)	 8.1 El 2	 _________ ______

Cd ex Old DMW Plant (g/a)	 8.1 El 2	 ________ ______

Hg ex Boiler House (g/a) 	 8.1 El 2	 _________ ______

Cd ex Boiler House (g/a)	 8.1 El 2	 ________ ______
Hg ex New DMW Plant (gla)	 8.1 El 2	 _________ ______
Hg to River ex Perborate (gta)	 8.1 El 2	 _________ ______
Hg to River ex Well Water (g/a) 	 8.1 El 2	 _________ ______
Total Hg to River (g/a)	 8.1 El 2	 _________ ______

Breakdown of COD Releases 	 8.1 El 2	 ________ ______

Site COD Release	 8.1 El 2	 _________ ______

Chloride Ions (te/a) 	 8.1 El 2	 _________ ______

NRA & HMIP Charges	 8.1 El 2	 _______ _____

WASTE________ _______ _____
Tincal Sludge (Va)	 8.1 El 3	 _________ ______
Tincal Sludge Disposal Costs (i/a)	 8.1 El 3	 _________ ______

Tincal Slurry (Va)	 8.1 El 3	 _________ ______

Tincal Slurry Disposal Costs (i/a)	 8.1 El 3	 _________ ______

Capa Residues (t/a)	 8.1 El 3	 _________ ______

Capa Residues Disposal Costs (i/a)	 8.1 El 3	 _________ ______

Capa IMS/Caustic	 8.1 El 3	 _________ ______
Capa IMS/Caustic Disposal Costs (i/a)	 8.1 El 3	 _________ ______

AOTars (tla)	 8.1 El 3	 _________ ______

AO Tars Disposal Costs	 8.1 El 3	 ________ ______

Lab Waste Solvents (t/a)	 8.1 El 3	 _________ ______
Lab Waste Solvents Disposal Costs	 8.1 El 3	 _________ ______

Misc. Special Wastes (Va)	 8.1 El 3	 _________ ______
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APPENDIX 2.12: SOLVAY INTEROX'S EMS - EMISSION INVENTORY CHECKLIST

EMISSION INVENTORY CHECKLIST _______ _____

Information Required	 Procedure	 Resp.	 1'

Misc. Special Wastes Disposal Costs (i/a)	 8.1 El 3	 _________ ______
Misc. Non-Special (t/a) 	 8.1 El 3	 _________ ______
Misc. Non-Special Disposal Costs (i/a)	 8.1 El 3	 _________ ______

Capa Polymeric Waste (tla)	 8.1 El 3	 _________ ______

Special Incinerated Waste (t/a) 	 8.1 El 3	 _________ ______
Physico-chemical Treatment (tla)	 8.1 El 3	 _________ ______

Special Waste Landfilled (t/a) 	 8.1 El 3	 _________ ______

Municipal Waste Landfilled (t/a)	 8.1 El 3	 _________ ______

Boilers:
Gas Consumed	 8.1 El 4	 ________ ______
Oil Consumed	 8.1 El 4	 ________ ______

Tonnes Steam Produced	 8.1 El 4

Average NO mg/Nm 3	8.1 El 1	 ________ ______
Average SO2 mg/Nm3 (Gas Oil Only)	 8.1 El 1	 ________ ______

Average Dust mg/Nm 3	8.1 El 1	 _________ ______

Average CO mg/Nm 3	8.1 El 1	 ________ _____

Average CO 2 mg/Nm 3	8.1 El 1	 _________ ______

NO Factor (g/te steam)	 8.1 El 1	 _________ ______
SO2 Factor (g/te steam - oil only)	 8.1 El 1	 _________ ______

Dust Factor (g/te steam)	 8.1 El 1

CO Factor (g/te steam)	 8.1 El 1	 _________ ______

CO2 Factor (g/te steam)	 8.1 El 1	 _________ ______

Tonnes SO2 	8.1 El 1	 ________ _____

TonnesNO	 8.1 El 1	 ________ _____

TonnesDust	 8.1 El 1	 _________ ______

Tonnes CO	 8.1 El 1	 ________ _____
Tonnes CO2 	8.1 El 1	 ________ _____

GasEnergy	 8.1 El 1	 _________ ______

OilEnergy	 8.1 El 1	 _________ ______

AOOft-Gas	 _______ ______ ____

Average VOC as Toluene (mg/Nm 3)	 8.1 El 1	 ________ _____

Total Flow through Beds (Nm 3/a)	 8.1 El 1	 _________ ______

Tonnes VOC as Toluene 	 8.1 El 1	 ________ _____
Tonnes VOC as Carbon	 8.1 El 1	 _________ ______
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APPENDIX 2.12: SOLVAY INTEROX'S EMS - EMISSION INVENTORY CHECKLIST

EMISSION INVENTORY CHECKLIST _______ _____

Information Required	 Procedure	 Resp.	 /

Tonnes Hydrocarbon 	 8.1 El 1	 _________ ______

PAAPlant:	 _________ ________ _____
Tonnes FAA Produced ex Reactor	 8.1 El 4	 ________ _____

Tonnes HAC used (Reactor & Bulk) 	 8.1 El 4	 _________ ______

HAC released ex storage (glte HAC used)	 8.1 El 1	 _________ ______

Tonnes of HAC released ex storage (te/a)	 8.1 El 1	 _________ ______
HAC released ex reactor (kglte batch)	 8.1 El 1	 _________ ______

Tonnes of HAC released ex reactor (te/a) 	 8.1 El 1	 ________ _____

Tonnes of VOC ex reactor as toluene (te/a)	 8.1 El 1
Total Tonnes of HAC released 	 8.1 El 1	 ________ _____

Total Tonnes VOC expressed as Carbon	 8.1 El 1

Capa Plant:
Tonnes of HAC Used (tela)	 8.1 El 4	 ________ _____

Tonnes of Cyclohexanone Used (te/a)	 8.1 El 4	 _________ ______

Cyclohexanone Released (g/te used)	 8.1 El 1	 _________ ______

Tonnes of Cyclohexanone Released (te/a) 	 8.1 El 1
Tonnes of ketone as toluene (te/a) 	 8.1 El 1
HAC Released (g/te used pre quench tanks) 8.1 El 1	 _________ ______
HAC Released (g/te used post quench tanks) 8.1 El 1	 _________ ______

Tonnes of HAC released (te/a)	 8.1 El 1	 _________ ______

Tonnes of HAC released as toluene 	 8.1 El 1	 _________ _____

Persalts:
Tonnes of PBS-4 Produced	 8.1 El 4	 _________ ______
Tonnes of PBS-i Produced	 8.1 El 4	 _________ _____

Tonnesof PCS Produced	 8.1 E14	 _______ _____

Tonnes of Dust ex PBS-4 	 8.1 El 1	 _________ ______

Tonnes of Dust ex PBS-i 	 8.1 El 1	 _________ _____

Tonnes of Dust ex PCS	 8.1 El 1	 _________ ______

Tonnes of 002 ex PBS-i Burners	 8.1 El 1	 _________ _____

Tonnes of CO ex PBS-i Burners	 8.1 El 1	 _________ _____

Tonnes of NOx ex PBS-i Burners	 8.1 El 1	 _________ ______

_____________________________________ 8.1 El 1	 _________ _____

CIARETURNS	 ________ _______ _____
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APPENDIX 2.12: SOLVAY INTEROX'S EMS - EMISSION INVENTORY CHECKLIST

EMISSION INVENTORY CHECKLIST _______ _____

Information Required	 Procedure	 Resp.	 V

Data on Environmental Spending 	 8.1 El 5	 _________ ______
Safety Information - Lost Time Accidents 	 8.1 El 5	 _________ ______
Environmental Information	 8.1 El 5

Distribution Information	 8.1 El 5	 _________ ______
Energy Consumption Information 	 8.1 El 5	 _________

Communication8.1 El 5	 _________ ______
Occupational Health Information 	 8.1 El 5	 _________ ______
Management Systems	 8.1 El 5
Product Stewardship	 8.1 El 5	 _________ ______

AO (H202 © 100%)	 8.1 El 5	 ________ _____

Capa (Monomer Production) 	 8.1 El 4	 _________ ______

PAA8.1 El 4	 ________ _____

PBS-i	 8.1 E14 _______ ____

PBS-4	 8.1E14 ______ ____

PCS8.1 El 4 _______ _____

Steam Produced	 8.1 El 4	 _________ ______

Total te/a of Product Produced	 8.1 El 4	 _________ ______
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