
1 INTRODUCTION 
 
Montiel-Overall defines collaboration as “a 

trusting, working relationship between two or more 
participants involved in shared thinking, shared 
planning and shared creation” (Montiel-Overall 
2005). This definition places collaboration at the 
heart of any construction project because the nature 
of these projects requires the involvement of a large 
number of stakeholders with different specializations 
(Wikforss & Lofgren 2007), cultures, skills and 
disciplines (Lu & Sexton 2006). However, 
irrespective of this diversity, multi-disciplinary 
project teams need to collaborate in order to produce 
the final product.     

The fact that energy is increasingly becoming an 
important design factor for producing more energy 
efficient buildings, and also a policy of both the UK 
government and the European Commission to 
reduce carbon emission (Commission 2005), adds to 
the complexity of collaboration of multi-disciplinary 
project teams. 

 Lawson et al (Lawson et al. 2003) argue that 
construction projects can go right or wrong 
according to one or more of 3Ps: Process, Product 
and Performance. In recent years, there has been a 
shift in architectural theory and practice from ‘what 
the building is about’ to ‘what the building does’. In 
other words, the shift has been from ‘Product’ to 
‘Performance’ (Branko & Malkawi 2005). 
Numerous studies such as government reports 
(Egan, 1998, Latham, 1994) and research work ( 
Bassanino et al. 2001, Blyth & Worthington 2001) 
emphasised that early consideration of performance 

issues from an early design phase can lead to better 
outcome and reduce running cost.  

In order to consider energy performance within 
the context of the project life cycle, the 
Design4Energy project has selected three scenarios 
to illustrate design activities. The first scenario 
concerns considering a neighbourhood energy 
trading context in building design. The second 
scenario, which is the focus of this paper, is about 
holistic energy design optimisation during early 
design phase. The third scenario is about the use of 
operational and maintenance data in retrofit.  These 
three scenarios will be used as the basis for defining 
the user requirements and the system architecture 
definition of the overall Design4Energy technology 
platform. However, this paper is focused on the 
collaboration aspect of the Design4Energy platform, 
taking the second scenario on holistic design 
optimisation at building level as the context. The key 
research questions that are planning to be addressed 
in creating this collaboration platform are:  

 RQ1: What type of unified data model could 
help stakeholders to collaborate and perform 
both pre-design (strategic) and detailed design 
exploration?  

 RQ2: Can we create a component library that 
allows stakeholders to explore various design 
options?  

 RQ3: What type of maintenance and operational 
information are useful for making design 
decisions?  

 RQ4: What are the characteristics of a 
collaborative platform required to enhance 
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collaborative design teams to enable them 
produce more energy efficient buildings?  

This paper presents our initial approach for 
addressing these research questions. 

2 RELATED WORK 
Previous research in collaborative working 

environments has explored collaboration challenges 
in a range of sectors. For example, the CoSpaces 
project (Fernando et al. 2013) proposed a conceptual 
system architecture to support collaborative working 
in which multi-functional teams are provided with 
tools to enhance communication (Bassanino et al. 
2013) and explore various design options. However, 
this research did not explore collaboration in the 
context of energy efficiency that involves energy 
related databases, simulation and collective 
knowledge exploration involving experts from a 
wide range of engineering disciplines in real-time.   

Collaboration work starts with creating a 
common understanding of various design data inputs 
and their inter-relationships. This implies the need 
for consolidating a range of heterogeneous data 
sources and creating a unified data model that 
describes the form, function and performance of the 
building. Several approaches have been explored in 
creating a unified data model. For example, 
Willenbacher (2002) proposes a generic link-based 
building modelling approach where the entire 
information is split into partial models and held 
together by links between them. Other researchers 
(Fuchs et al. 2010) showed how the linking of 
different raw data models, called elementary models, 
can be interlinked with a light-weight XML format 
at a generic level. In contrast to this, the approaches 
of the eeBIM (energy enhanced BIM) realisation 
made in the European projects HESMOS (2010) and 
ISES (2011) are examples of a more specialized 
approach. Here, integrated model approaches were 
developed supporting the energy performance 
analyses of buildings, based on IFC-BIM. 

A few FP7 projects have demonstrated different 
principles for building component libraries with 
static and dynamic attributes to provide building 
component designs. The ISES project developed a 
design module containing a product catalogue for 
the selection and testing of new products, which also 
has interfaces for tools that produce and export IFC 
model data. It also has a cloud service that deals 
with the access to external information resources 
such as climate databases, stochastic templates and 
user profiles (ISES, 2011). EnPROVE project 
proposed methodologies for decision making and 
integrate external resources of building information. 
The HESMOS project developed a simulation 
system that integrates different key performance 
indicators such as operational costs, ventilation or 

CO2 emission in the various stages of the building 
lifecycle. The interconnection of the system modules 
is mainly based on the IFC data format and deploys 
cloud storage technologies. Building on this 
approach, Design4Energy plans to allow seamless 
integration of simulations and user interaction that is 
required in multi-functional team environments for 
designing energy efficient buildings. Furthermore, a 
service-oriented, openly accessible library is needed 
to provide neighbourhood level technologies with a 
standardized and continuous content updates. This 
technological information should be presented 
within the context of multi-simulation environment 
that can address customer requirements in the 
building lifecycle. Furthermore, as suggested in the 
REViSITE roadmap (2012), significant 
developments have to be done in model based 
design and information sharing, re-usable design 
with rich search capabilities and standardisation of 
data models and performance indicators.   

A variety of sensors is used in buildings to 
produce information on environment and energy 
performance. Sensors have been designed to produce 
information on occupancy, and even position 
measurement (Wolffenbuttel et al. 1990), for 
detection of chemicals and humidity sensing 
(Delapierre et al. 1983), and to determine readings 
for light, radiation, temperature, sound, strain, 
pressure, position, velocity, and direction (Ermes et 
al. 2008, Stanford 2004). All these parameters are 
used to directly or indirectly measure energy. 
Design4Energy plans to explore how the operational 
and maintenance data collected through such sensors 
could be used in creating better design solutions for 
both new buildings and retrofits.  

3 METHODOLOGY 
A detailed description of the overall 

Design4Energy methodology can be found in 
(Mäkeläinen et al. 2014) explaining the use of both 
top down and bottom up approaches in defining a set 
of usage scenarios.  In our top down approach, we 
deployed the outcome of several roadmaps which 
have conducted thorough analysis of current design 
methodologies, current ICT tools, and possible 
future scenarios to provide a visionary approach for 
future design methodologies. For example, ICT road 
maps such as REEB and REViSITE have identified 
a direction for building design. The REViSITE road 
map (2012) recognises the need for holistic design 
of the interactions between different subsystems; 
interoperability between CAD tools, applications for 
design, performance analysis, simulation, 
visualisation, libraries, etc. This holistic design is 
advocated in the REEB road map (Hannus et al. 
2010) to ensure that buildings meet energy 
efficiency requirements of regulations and users in 
the short time, extended to cover the whole life cycle 



for the medium term. Design4Energy have taken 
these challenges on board and defined its own 
visions as presented in (Mäkeläinen et al. 2014).  

Our bottom up approach is driven by analysing 
the stakeholders, their role and responsibilities as 
well as design activities, in the context of designing 
energy efficient buildings. The stakeholders 
involved in a typical construction project are 
illustrated in Table 1. Design team members such as 
architects, clients, contractors, engineers and energy 
experts need to collaborate together to produce 
energy efficient buildings. Huifen et al (2003) 
distinguished four different modes of team 
collaboration, these are: face to face (same place, 
same time), synchronous distributed (different place, 
same time), asynchronous (same place, different 
time) and asynchronous distributed (different places, 
different time). This work is focused on team 
collaboration in both co-located and distributed 
manner covering both synchronous and 
asynchronous modes.     

During the design process of the collaborative 
building design scenario, the architect is responsible 
for the architectural design; therefore he/she needs to 
collaborate with other team members to reach a 
sound architectural design. All engineering 
disciplines (electrical, mechanical, etc.) need to 
produce their own design and collaborate with other 
team members to check if their design has any 
impact on the building design. As indicated in Table 
1, the role of each stakeholder is to bring their 
expertise to contribute to the design of energy 
efficient buildings.  

 
Table 1- Stakeholders and their roles and 
responsibilities  

Stakeholder Role 

Developer (Client) Ensure energy efficiency is included 

in the project brief for both design 

and operation. 

Project Manager Ensure project meets the client’s 

requirements for energy taking 

quality, time, and budget into 

consideration. 

Architect Ensure architectural design is energy 

efficient 

Mechanical 

Engineer 

Ensure HVAC design complies with 

energy indicators 

Electrical Engineer Ensure electrical design is energy 

efficient 

Energy Efficient 

Expert 

Advise on energy efficient solutions 

Building Contractor Ensure construction is delivered on 

time and it meets energy efficient 

requirements as set in the client’s 

brief.  

End-User 

Representative 

Validate design performance and user 

behaviour 

4 VISIONARY SCENARIO  

This section presents the scenario that is specific 
for collaboration among the stakeholders for 
creating energy efficient buildings.  

The scenario starts with the architect sketching a 
design of a new energy efficient home using a BIM 
model. In doing so, the architect takes into 
consideration a number of parameters such as the 
local weather profile and lighting to decide the 
house orientation as well as the use of raw material 
related to carbon emissions before the conceptual 
design is completed. The architect then, defines the 
physical appearance of the building including 
internal spaces, external openings, use of material 
and so on. Furthermore, the architect takes into 
consideration the various options for the energy 
performance of the project’s life cycle and cost of 
future operation and maintenance and discusses 
various design options with the client to decide the 
most suitable one. 

The design is then passed on to the mechanical 
and electrical engineers as a BIM model. Once each 
engineer proposes his/her own design, the system 
runs a simulation, enabling team members to 
compare the simulation analysis result with the 
expected energy indicators. The 3D collaborative 
environment provides team members the possibility 
to explore what-if-scenarios and investigate the 
impact of various parameters on their design to 
estimate energy performance through the project life 
cycle from an early design stage. Using the 3D 
collaborative environment, team members can 
simulate the impact of weather, occupants’ 
behaviour, component deterioration, material, 
running cost and propose future maintenance plan. 
Furthermore, team members can drag components 
from the DB library to modify their design. Once the 
design is optimised, validated and approved by all 
stakeholders, the solution is agreed.  

4.1 Usage scenario activities and requirements 

This section provides a detailed list of activities 
for the usage scenario identifying the user 
requirements as well as functional requirements.  

  
Table 2- Design activities with user and functional 
requirements  

No Activity User 

requirement 

Functional 

requirement 

1 Architect 

sketches a design 

for a new 

eehouse (energy 

efficient house) 

using BIM to 

create general 

block masses. 

Ability to 

model 3D 

sketch 

 

Ability to 

visualise and 

interact with the 

3D sketch 



2 Architect 

considers local 

weather profile 

and natural 

lighting to decide 

house orientation 

(balancing 

maximising 

natural light and 

protection from 

direct sun light).  

Position and 

manipulate 

3D sketch 

against the 

surroundings. 

Integrate the 3D 

model against 

local GIS. 

Ability to 

simulate sun and 

its impact on the 

building. 

3 Architect also 

considers use of 

raw material 

related to CO2 

emissions then 

completes 

conceptual 

design. 

Ability to 

define new 

materials and 

assess CO2 

and cost 

implications. 

Database 

associated with 

CO2 emission 

and cost data for 

various options. 

4 Architect defines 

physical 

appearance of the 

building, 

elevations, 

internal spaces, 

material to be 

used, external 

openings and so 

on. Architect 

discusses various 

options with 

client to decide 

on most suitable 

one. 

Ability to 

define high 

level design 

concept with 

the client. 

Modelling tool 

for exploring 

spaces, external 

openings etc. 

Ability to 

visualise and 

explore various 

options.  

Edit design and 

assess cost. 

5 Architect sends 

design to 

Mechanical, and 

Electrical 

Engineers as a 

BIM model. This 

triggers a set of 

parallel activities 

(6a-6f).  

Ability to 

share BIM 

model 

Shared BIM 

repository 

6a Mechanical 

Engineer 

investigates 

design of HVAC 

system by first 

referring to best 

practice of 

similar projects. 

ME then drags 

specific 

components from 

the D4E DB 

library. 

 

Explore life 

cycle issues 

including 

costs using 

various 

design 

component 

options 

 

Access to best 

case studies. 

Component 

based library 

with 

performance data 

over life cycle. 

User interface to 

present 

performance of 

the component in 

an easy and 

understandable 

manner. 

6b Mechanical 

Engineer runs 

Simulate and 

visualise 

Production of 

models that can 

simulation 

provided in the 

D4E system to 

analyse his 

HVAC design 

impact on cost, 

thermal comfort, 

operation and 

maintenance and 

component 

deterioration. 

energy 

simulation 

data 

be used by 

thermal 

simulators. 

Simulate  

Integration 

between the 

integrated BIM 

model and 

thermal 

simulator. 

Simulation of 

energy 

performance 

against 

component 

deterioration. 

6c Mechanical 

Engineer then 

compares 

analysis result 

with building’s 

energy 

indicators. 

Compare 

results with 

indicators. 

Ability to 

compare analysis 

with indicators 

6d The Electrical 

Engineer 

investigates 

typical user 

behaviour data in 

the local area and 

decides to 

introduce the use 

of sensors in 

lighting fittings 

to minimise 

energy and 

operational cost 

to improve 

energy 

efficiency. 

Simulation is re-

run.   

Ability to 

access user 

behaviour 

models of 

similar 

building 

users. 

Modify 

electrical 

solutions in 

the design. 

Simulate and 

visualise 

energy 

simulation 

data 

 

User behaviour 

data.  

Update BIM 

model, run 

simulation and 

visualise 

simulation data. 

 

6e To minimise heat 

loss of the new 

design, the 

architect 

investigates 

various 

insulation 

options (using 

the components 

in the database) 

for the walls and 

roof and run 

simulation. 

Ability to 

modify 

design, 

simulate and 

visualise 

energy 

simulation 

data 

 

Update BIM 

model using 

design 

components 

from the library. 

Run simulation, 

and save 

simulation 

results. 

 

6f To optimise light 

and thermal 

comfort levels, 

the energy expert 

investigates 

Ability to 

visualise 

both lighting 

and thermal 

comfort and 

Integrated 

visualisation of 

thermal and 

lighting level.  



alternative 

solutions to 

improve energy 

performance for 

the external 

openings. 

Simulation 

results confirm 

that solution is 

energy efficient. 

explore 

alternatives 

7 Each member 

uploads his/her 

modified version 

into the 

collaborative 

workspace. 

These changes 

are merged into 

the master BIM 

model. 

Ability to 

modify 

design, 

simulate and 

visualise 

energy 

simulation 

data 

Update BIM 

model with 

design data and 

simulation data. 

8 Team organises a 

design review 

meeting to go 

through various 

design options 

 

Ability to 

setup and 

conduct a 

design 

review 

meeting. 

Ability to share 

BIM model, 

conduct real-

time 

visualisation, 

interaction with 

the emerging 

design with 

distributed 

members.  

9 

 

Architect does 

not approve the 

solution to 

improve 

performance of 

external 

openings due to 

aesthetic issues, 

so he/she 

investigates 

another solution. 

Architect 

uploads modified 

BIM model and 

re-run 

simulation. 

Ability to 

modify 

design, 

simulate and 

visualise 

energy 

simulation 

data 

Ability to change 

the BIM model 

with different 

design 

components.  

Ability to re-run 

the simulation 

and visualise the 

outputs. 

10 Based on the 

simulation data, 

team members 

discuss the 

impact of the 

new solution in 

the 3D 

collaborative 

workspace. Team 

members agree 

architect’s 

solution which 

satisfies both 

Ability to 

explore the 

design 

integrated 

with 

simulation 

data 

Team 

collaboration. 

Ability to share, 

discuss designs.  

aesthetic and 

energy efficient 

requirements. 

11 New design is 

validated by all 

team members, 

approved and 

solution agreed. 

Validate and 

approve BIM 

model 

ee model signed 

off and actions 

recorded. 

5 FUNCTIONAL REQUIREMENTS 

By analysing the scenario in Section 4, the following 
functional component requirements have been 
identified as important for creating the collaborative 
design environment:  
 Design Component Database with Meta Data: 

The overall system should have access to a 
library of components and energy systems.  

 GIS Environment: This module should allow the 
designers to position the early design concept to 
consider environmental influences.  

 BIM Model for Supporting Various Simulations: 
This BIM model should support data models for 
interfacing with a range of simulators (thermal, 
lighting etc.) for assessing various design 
options, allowing the team to choose the best 
energy efficient option without compromising 
the other design perspectives.  

 Maintenance and Operation Data: Access to 
maintenance and operation data as well as user 
behaviour data for similar buildings could help 
designers to optimise the performance of the new 
building.  

 Interfacing with Simulators: the overall 
architecture should support access to a range of 
simulation services such as thermal, lighting etc. 

 Interactive 3D Sketching: This module should 
allow the designers to create 3D design concepts 
using the component library to explore various 
design options. 

 External Web Service: Access to information 
such as weather forecast over time, energy cost 
could allow the designers to simulate possible 
futures.  

 Collaborative Visualisation: This module should 
allow the design team to visualise the evolving 
design alternatives, simulation data and 
communicate their expert opinions to each other.  

6 OVERALL SOFTWARE ARCHITECTURE 

In defining the overall system architecture, few 
aspects such as modularity, expendability and 
scalability need to be taken into consideration. As 
stated in (Oasis, 2009), the service-oriented 
architecture (SOA) provides distributed use of 
capabilities controlled and governed by different 



providers. Using the SOA approach, each module 
can be developed as independent service module and 
connected together in a distributed web platform 
through a service orchestrator to provide the 
collaborative design services required by the design 
team. Therefore, it has been decided to adopt the 
SOA approach in developing the collaborative 
design platform of the Design4Energy project. 
Establishing a SOA technology platform not only 
means creating service-oriented solutions, but also 
providing a governance friendly architecture that 
allows the long-term evolution of the individual 
services (Erl 2008). As a result, the Design4Energy 
platform will develop an open platform that will 
allow others to integrate their energy related service 
modules to further enhance energy efficiency of 
future buildings.  

In order to present the overall architecture in a 
comprehensible form, a three layered architecture is 
used below. The proposed system architecture is 
comprised of three layers, these are: database layer, 
service layer and user interface / application layer 
(Figure 1).  

 

 
Figure 1. Conceptual design for the system architecture 

 
In this architecture, the data layer will provide 

access to a range of data sources including design 
component library, eeBIM model, local GIS data, 
historical building performance data, long term 
weather patterns etc.  The service layer will provide 
access to a range of collaboration services, 
simulation services and interactive design services 
as indicated in Figure 1. These services can be 
accessed via a service orchestrator which will 
support the execution of one or more services 
according to a pre-defined workflow to provide the 
desired result. The user interface layer will provide 
range of user interfaces to visualise the evolving 
design and its predicted performance.  

The following sub sections will discuss each of 
the energy simulation integration tools, the database 
of energy components and systems and the 
maintenance and operation decision tool.  

6.1 EeBIM integration tools   

The envisaged analysis in D4E that requires a 
unified data model comprising all data needed for 
various applications like energy simulation, lighting 
simulation, etc. as well as operation methods like 
filtering methods to provide the specific data sets 
needed for various simulators. For D4E the proposed 
unified model follows a centralized model approach 
based on the IFC-BIM model enabling the use of 
open IFC tools (http://www.openifctools.org). 
Thereby, for linking the different additional 
information like weather data, occupancy 
information, GIS data, etc. with the BIM model the 
origin IFC-BIM model is modified resulting in an 
energy enhanced BIM model (eeBIM). To establish 
the eeBIM model the IFC-schema is reduced to a 
BIM-schema containing only the IFC-entities 
required for the applications. However on the other 
hand the IFC-schema is extended to include IFC 
concepts for the description of the additional energy 
relevant information. Thereby, the extension of the 
BIM model and the linking of the different data are 
specified by using the extension methods of the IFC 
like entity types, property sets, etc.  

The specification of the eeBIM model goes hand 
in hand with the development of operation methods 
bringing the origin data into the specified form as 
well as operation methods working on the eeBIM 
model and preparing it to serve as input for the 
envisaged applications. In both cases the filtering 
operation represents a key aspect. For D4E it is 
planned to realise the filtering by using and 
extending the filter functionality of the JAVA-based 
filter toolbox BIMfit. BIMfit was developed in the 
German project Mefisto and further extended in the 
European projects SARA, HESMOS and ISES. It 
supports the filtering of building model subsets as 
well as the filtering of certain elements which fulfill 
domain or task specific information requirements. 
The structure of BIMfit is hierarchically organised 
and comprised of three layers: Neutral Layer, 
Domain Layer and Application Layer. The 
Application Layer forms the interface to the end 
users. It provides necessary functionality for a 
specific application. Here, a function in this layer 
invokes and combines functions of the direct layer 
below. The Domain Layer is managed by software 
developers. It is based on the Neutral Layer and 
contains domain specific functions like filter 
functions for the BIM architecture model domain. 
The Neutral Layer provides common functions 
required to identify, select, calculate or extract the 
data (objects, attribute, relations etc.) from the given 
mono-model or multi-models. It can be built on (1) a 
domain specific query language, (2) configurable 
filter patterns within an external filter service (web 
service), or (3) an integrated part of a BIM server. 



 
Figure 2. General Approach of BIMfit 

 

6.2 Database of energy components and systems 

In the concept phase of a building project the choice 
of building components determines the energy 
efficiency significantly. On the one side energy 
related systems such as HVAC systems, building 
monitoring and management systems, energy use 
and source systems are chosen. On the other side the 
designer has to configure building components such 
as windows, walls, thermal insulation, roofing 
systems etc. to optimize the energy efficiency. A gap 
in current practice lies between the collection of 
customer requirements and the first energy 
simulations with the configured building 
components. Energy system solutions that are new 
for companies are hardly taken into account at the 
design stage. Designers most commonly make 
component choices that could potentially have 
higher costs of operation, maintenance and 
consumption because of poor knowledge bases. To 
predict and to influence the performance of energy 
efficiency, it is necessary to make better informed 
decisions at building life cycle level, including 
operation and maintenance. Figure 3 shows a 
schema of the component or technology related 
information stored in the database. 

 

 
Figure 3- Database schema 

 
The Design4Energy project plans to develop a 

system that is supported by a database structure that 
will be used to support the choice of building 
components by making relevant data available to the 
stakeholders on a multi-disciplinary platform. The 
technology based information sharing goes 

alongside with the common concept of technology 
management to identify, evaluate and observe 
technologies, in this case building components 
(Spath et al. 2010). Contracting parties, solution or 
service providers have a strong involvement in 
design decision. They depend on 
knowledge/information such as budgetary issues, 
experience of prior projects and performance. In the 
planned component database the designs or 
components will be stored to promote re-usability; 
they can be searched by customer requirements or 
simple attributes and can easily be taken for further 
assessments or simulations. Requirements therefore 
can be applicable in special use cases. Displayed 
attributes differ depending on the technology type. 
As an example materials are characterized by type, 
functionality, thickness, thermal conductivity, 
density specific heat, internal and external solar 
absorbance, and emissivity. Furthermore, its 
characteristics change by age and use case. 
Additionally, renewable energy generation plants are 
characterized by performance features depending on 
climate, weather, age of the plant, operation costs, 
and historical performance as noted from real cases 
and susceptibility.  

6.3 Maintenance and operation data   

The sources of information for building 
maintenance and operation are diverse and hardly 
coordinated by a variety of stakeholders. These 
sources can be: (i) sensors and monitoring 
equipment (including smart home technologies, 
BMS), (ii) manufacturers specifications, (iii) facility 
management reports, (iv) case studies, (v) property 
and condition surveys, repair requests from users or 
contractors (servicing and work on site); (vi) 
external: statutory, economic, professional bodies, 
trade journals, workshops and conferences; (vii) 
organisational: policies and budgets, past records 
and archives, services providers, feedback from 
users, procurement (contact and tender information), 
staff and personnel; (viii) users: demographics data, 
ownership status, energy providers data and user 
behaviour data (Figure 4).  

Building maintenance and operation information 
can be considered: (i) Diverse as they are created by 
different stakeholders, (ii) Unstructured due to the 
fact that each maintenance, operation or facility 
management organisation structures its own 
information in a different way, (iii) Costly as the 
value of using maintenance and facility management 
information is often smaller than the value of 
creating it, (iv) as time dependent of building 
maintenance and operation and becomes obsolete 
overtime, (v) Heterogeneous as the building 
maintenance information arrive in a variety of forms 
and formats.  This requires the information system to 
be able to receive, coordinate, store process and 
present information in a usable format on either 

Neutral Layer
- basic functionality and concepts
- domain and application independent
- def. on data structure and schema level

Domain Layer
- extended functionality for specific domains
- utilizes functions of the NL
- application independent
- definition on schema level
- used by sw developers

Application Layer
- adopted/adjusted functionality for a 
specific application
- utilizes functions of the DL
- definition on application level
- used by end users

NL



human information or other digital tools such as 
BMS or BIM in possible integrated structure.  

Historical, maintenance and 
operational data

 Facility Management 
reports

 Manufacturer 
specification

 Case studies
 Digital catalogues
 Environmental data 

 Data from sensors:
- Temperature
- Humidity 
- Occupancy
- Appliances and other 
devices monitoring

 
Figure 4- Maintenance and retrofit data 

 
The development of a decision support tool that 

will provide building design with optimal energy 
efficiency, a set of data are required. This data could 
certainly include at least: Metered gas, electricity; 
Appliance electricity; Rooms temperatures; Outdoor 
temperature; Radiator temperatures and Occupancy 
data. 

7 CONCLUSIONS 

This positioning paper presents the initial 
concepts that are influencing the collaborative 
environment which is being designed by the 
Design4Energy consortium. The top down approach 
adopted in the project has allowed the team to be 
visionary and the bottom up approach has allowed 
the team to ensure the buy-in from the stakeholders. 
The scenario presented in the paper captures the 
future collaborative design environment based on 
component based design approach, multi-simulation 
and team collaboration around a rich eeBIM model. 
The overall architecture concept, described using the 
SOA and layered approach provides a foundation for 
developing a modular and extendable technology 
platform which could potentially be used by others 
to integrate their own modules. The paper describes 
the approach taken for creating the main databases 
which will be one of the key elements of the overall 
Design4Energy platform. 
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