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Abstract
The study identifies the scope of literature on the potential application of green walls and roofs in housing retrofits, mainly focusing on the UK context. Housing retrofit in the UK has become a major concern in the sustainability agenda due to the undeniable importance of retrofitting 30 million UK housing stock for energy efficiency. Further, housing retrofit has other key benefits such as reducing fuel poverty and improving health and comfort. The urban heat island effect has also become a matter of interest with the concern of global warming. Green walls and green roofs concepts have attracted climate enthusiasts' attention due to their perceived benefits. The study explores the scope of literature in the areas of green roofs and green walls to see the potential application into housing retrofit in the UK. A systematic literature review was carried out in popular databases for this purpose. Further, a grey literature review was also carried out. The findings show that there is a wide range of literature available on green wall and green roof topics. Further, it is noted that there is a clear potential for applying green wall and green roof concepts into housing retrofit, both at the building level and society level. However, there are only a few studies on the subject, looking at specific challenges of housing retrofit. Most of the studies were carried out in general buildings, without any specific focus on the unique challenges of applying the concepts in existing buildings. The study highlights the lack of unique studies of applying green wall and green roof concepts to housing retrofit. 
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INTRODUCTION

The United Kingdom was reported to have a housing stock of 30.1 million by 2022 (Office for National Statistics, 2024). This housing stock itself contributes around 18% of the UK's carbon emissions (Climate Change Committee, 2019). As the UK government is legally bound to achieve net zero by 2050 (UK Government, 2019), decarbonising the housing stock is a key priority. Retrofitting the housing stock is identified as the viable solution to achieve the decarbonisation goals of the residential sector (Leti, 2021). However, the benefits of housing retrofit are not limited to sustainability goals, but to achieve a number of prospective consequences such as reducing fuel poverty, improving the health and comfort of the residents as well as preserving the architectural heritage of traditional buildings. Academia and industry are finding innovative ways of improving the housing retrofit performance by looking at different perspectives of the problem. 

The concept of green walls and green roofs is not new. The first documentary evidence of green roofs and walls can be traced back to the hanging gardens of Babylon around 600 BC in Mesopotamia (Hopkins & Goodwin, 2011). The recent surge in the interest in green roofs in the UK goes back to the 1960s, mainly inspired by countries like Austria, Switzerland and Germany (Dclg, 2013). 
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Figure 1: Cross section of a green roof (Dclg, 2013)

A green roof consists of a waterproofing layer and root barrier to prevent rooting and excessive water coming down. There is a drainage layer to take the excess water out of the roof. The growing medium can vary depending on the design. The depth of it can also vary between 80mm to 150mm. Usually, the plants do not require additional watering except in a drought period (Dclg, 2013). The benefits of green roofs and green walls can be identified in two scales. In the building scale, the heat transfer of the thermal envelope is moderated, and HVAC (Heating, Ventilation and Air Conditioning) system performances are improved. On a larger scale, they help to reduce the urban heat island effect, reduce carbon emissions and improve carbon sequestration (Lilauwala, 2021). In addition to green roofs, there are blue roofs which holds rain water. There are also hybrid roofs which can hold both rain water and plants (Enviroply Roofing Ltd, 2019; Institute of Physics, 2019). 
The use of green walls and green roofs in housing retrofit is not observed to be a common topic. For example, there are 41 retrofit measures listed in the PAS 2035:2023 specifications. PAS guidelines are the recommended standard for undertaking retrofit projects. Green walls or green roof concepts are not recognized as energy efficiency measures in this document (Bsi, 2023). However, overall sustainability benefits including the energy efficiency of green walls and green roofs are scientifically evidenced (Karteris et al., 2016; Mazzali et al., 2013; Winch et al., 2020). 
Referring back to the importance of housing retrofit in the UK, it is clear that the scope of housing retrofit is significantly broader than simply decarbonising the housing stock. On the other hand, green walls and green roofs also have broader benefits than energy efficiency. However, the scope of literature about the application of green wall and green roof concepts into housing retrofit is not clear. This study tries to identify the scope of literature on green walls and green roofs for housing retrofit. Accordingly, the size of literature topics and directions of research interests are found out by way of a scoping review. 


MATERIALS AND METHODS

The study was conducted as a scoping review as elaborated by (Grant & Booth, 2009). In a scoping review, the study expects to identify the size and scope of the literature for a particular research topic. As some researchers preferred the words living walls and living roofs, the search string included all the keywords including the synonyms for housing. In general, the purpose of the search was to identify the articles containing keywords related to green walls or green roofs and residential buildings. The literature related to green walls and roofs in housing retrofit is expected within these articles. The inclusion criteria were limited to the articles published between 2014 to 2024 in the English language. Further, the search was carried out on the article title. 

( green AND roof* OR green AND wall* OR living AND roof* OR living AND wall* ) AND ( house* OR dwelling* OR residential )

The literature search was carried out on 03.05.2024 in the databases of webofsciences, Scopus, Emerald Insight and Google Scholar, using the above search string. Webofsciences generated 51 citations and 37 articles were shortlisted after reviewing the full text. Google Scholar did not produce additional results and other databases generated no citations. 

RESULTS 

Overview

As the purpose of this study is to understand the scope of the literature on the research topics of green walls and green roofs in sustainable housing retrofit, the main data collection was carried out as a systematic literature review. After analysing the articles retrieved, there were six key themes of benefits were identified. They are energy efficiency, environmental benefits, comfort, aesthetics, urban heat island and water management. The number of citations are given in Table 1. In addition, there were four themes of study focus. They are the design, maintenance and assessment of green walls and roofs. Finally, the application of green walls and roofs to housing retrofit. The number of citations are given in Table 2. 

Table 1: Key themes of benefits

	
	Theme
	No of References

	1
	Energy efficiency
	20

	2
	Environmental benefits
	5

	3
	Comfort
	4

	4
	Aesthetics 
	2

	5
	Urban heat island
	4

	6
	Water management
	1



According to the findings of the study, the main benefit of a green roof or green walls is energy efficiency. In other words, the studies were conducted with the aim of achieving energy efficiency targets for housing operations. 20 out of the 37 references have discussed the benefit of energy efficiency as a key benefit of the concept. The researchers have also discussed the environmental benefits of green walls and green roofs. Environmental benefits term covers a range of aspects such as reducing carbon emissions, improving carbon sequestration, improving biodiversity, etc. Aesthetics and comfort were the other two benefits of green walls and roofs. The studies have found that green walls and roofs have helped to retain heat in cold climates and cool the indoor environment in hot climates. The urban heat island effect is reported to be controlled with green walls and roofs due to the increased cultivation of plants. In addition to these benefits, there is one reference which mentioned the benefit of managing water (specifically greywater) in the built environment by using it to maintain green walls and roofs.  






Table 2: Key themes of study focus

	
	Theme
	No of references

	1
	Assessment
	10

	2
	Design
	6

	3
	Maintenance
	1

	4
	Retrofit 
	1



The next set of themes was extracted by looking at the focus of the studies. Mainly, the studies were focused on assessing the application of green wall and green roof technologies to the residential building context. Only the articles which explicitly stated this purpose were cited. However, in general, almost all the articles were to evaluate something related to green walls or roofs. Importantly, there were six articles focused on design aspects of green walls and green roofs. These articles were found important to identify design priorities and constraints of the green walls and roofs in the residential housing sector. Two articles were published with regard to the maintenance of green walls and roofs in residential houses. Finally, there was only one article about housing retrofit with green walls and roofs. 

Grey literature

Considering the lack of literature found with regard to housing retrofit with green walls and roofs, it was decided to review the grey literature to have a better idea. Government publications, institutional and business publications as well as websites and news articles were reviewed for this purpose. although there was no prominent grey literature found either, the literature was helpful in identifying the current progress of uptaking green walls and roofs in the United Kingdom. One of the important articles was the one published on behalf of the greater London authority. According to the report, London has adopted a green roof policy in their 2008 plan. London expects to have more than 50% of the area to be green by 2050. As of 2016, 42% of the UK’s green roofs are in London (Grant & Gedge, 2019). In terms of biodiversity, green roofs can do a lot. Most of the roof spaces can be converted to a rich biodiverse space which can contribute to sustainability. The technology is already there (Buglife, 2019). 
According to the findings of over 1000 case studies, green roofs have the capacity to improve energy efficiency by 6%, increase property value by 7% and capture 75% of the rainfall. Further, it has the same level of installation cost as insulation. Maintenance is negligeable (Gmca, 2023). Further, green walls are reported to contribute energy savings by 15% and green facades by 8%. In general, green walls and green roofs have shown benefits in the areas of energy efficiency, property value, noise reduction, carbon sequestration, water management, biodiversity gain and improvement of overall social, economic and welfare (Winch et al., 2020). According to PJH Architects (2023), green roof solutions are highly recommended for retrofitting houses. They have the benefits of reducing energy consumption, improving comfort and contributing to reducing carbon emissions. However, there are issues with the maintenance and initial costs. 

DISCUSSION

Interpretation of the findings

The findings of the study are reported to be sufficient to get an idea of the size of the literature available under the research topic. In addition, it can be useful to understand the directions of the research areas. The main positive finding is the availability of a wider range of scientific publications in the research area of green walls and green roofs. In some cases, different terms have been used; living walls, living roofs, living facades, vertical greenery systems, etc. Not only in the context of peer-reviewed academic publications but also in the grey literature, there are many publications and articles about the application of green wall and green roof concepts. Their concept is observed to be highly popular in London, United Kingdom as 42% of the green wall/roof coverage in the UK was in London by 2016.
As far as the literature content is concerned, mainly they were conducted to identify the application of green wall and green roof concepts in different contexts. The studies presented the benefits of the concept as well as the current challenges. Considering this nature of literature, the findings were separated into two; benefits of the concept and key themes of the studies. The most cited benefit of green walls and green roofs can be identified as energy efficiency. However, there are other benefits such as environmental benefits, comfort, aesthetics, reducing urban heat island and water management. When it comes to key study areas, there are assessments of applying the concept, design, maintenance and application for retrofit. 
Unfortunately, there was only one study conducted with regard to the application of green walls and green roofs for housing retrofit. That doesn’t mean the other articles have not considered housing in their scope. However, they have used the word buildings, including residential buildings but without specifically focusing on housing retrofit. In this consideration, the findings are highly valuable in terms of studying green walls and green roofs in the building industry. However, there are questions as to what challenges and benefits are to expect in applying the concept to housing retrofit. What are the specific opportunities and limitations? How the retrofit processes can accommodate green walls and roofs and to what extent?
In general, green roofs and walls can be mainly valuable in reducing energy efficiency. Around 20 - 25% of overall urban surfaces can be identified as roofs (Besir & Cuce, 2018). The importance is that green walls and roofs can be used to reduce either the heat demand of a building in a cold climate or reduce the cooling demand of a building in a hot climate. This will reduce the consumption of energy in any building in any climate zone. Further, green walls and green roofs are reported to be highly important to reduce the buildings’ impact on environmental sustainability. First, reduction of the energy consumption will directly reduce the operational carbon emissions from non-renewable energy consumption. Further, the concept will further contribute to carbon sequestration by absorbing carbon from the atmosphere. Arguably, this will reverse the effect of carbon emissions from building operations. 
Apart from the economic and environmental benefits of green walls and roofs, biodiversity conservation is another important contribution. The urbanisation of the land reduces the available space for biodiversity. The green wall and roof concepts will re-create the availability of space for biodiversity conservation (Mayrand & Clergeau, 2018). The poor air quality is another key issue in urbanisation. The green walls and green roofs are reported to improve the air quality by contributing to the capture of particulate matter by around 7.3% (Viecco et al., 2021). 

Scope of the literature

The scope of literature in the fields of green walls and green roofs is wide. It has been observed that there is a considerable maturity of literature in the context. However, with the use of keywords related to the application of such concepts into housing, webofsciences database generated only 51 journal articles and there were no references generated in other key databases such as Scopus, Emerald Insight and Google Scholar. As far as the retrieved full texts are analysed, it was observed that the existing studies have focused on the general building stock, but not specifically the housing stock. There was only one article that focused on green roofs in housing retrofit. The housing retrofit in the UK has its unique challenges due to the 30.1 million housing stock (Office for National Statistics, 2024) and the diversity of housing stock (Nicol et al., 2014). Further, it is reported that every house in the UK may need some sort of retrofit to make it net zero by 2050 (Skidmore & McWhirter, 2023). Considering the above, it is argued that there are more studies needed to understand the potential and applicability of green walls and green roofs in housing retrofit in the UK. 

CONCLUSIONS

The study expected to understand the scope of literature on the topic of green walls and green roofs in housing retrofit. Accordingly, a systematic literature review was carried out in popular academic databases for the articles with keywords related to green walls, green roofs and residential buildings. By scrutinising these articles, it was noted that the literature with regard to green walls and green roofs is abundant. However, there was only one article found about the applicability of the concept to housing retrofit. As far as the grey literature is concerned, the situation is the same. The housing retrofit in the UK is deemed to be highly important in the current scenario due to the various requirements such as achieving climate change goals, reducing fuel poverty or improving the health and comfort of the residents. While the benefits of green walls and roofs are proven, it is important to see the applicability of them into housing retrofit. Considering the current poor level of academic and non-academic literature, it is recommended to undertake more research in this area, which will contribute to making the UK housing more energy efficient, sustainable, healthy and comfortable. 
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