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Abstract 
This licentiate thesis examines environmental assessment tools for buildings. This 
is done by investigating, analysing, comparing and testing how different 
environmental assessment tools measure the environmental performance of 
buildings and examining the consequences this may have on architectural design. 

The study begins by analysing three environmental assessment tools: Leadership 
in Energy and Environmental Design (LEED), Code for Sustainable Homes 
(CSH) and EcoEffect. These tools are then tested on a case study building (an 
eight-storey residential building) to analyse differences regarding assessment 
results, improvement proposals and potential impacts on architectural design.  

One of the environmental impacts assessed in the three tools, namely Climate 
Change caused by gases having Global Warming Potential (GWP), is then 
analysed in greater detail from a life cycle perspective by measuring CO2-
equivalents (CO2-eq). A basic calculation tool (referred to as the ENSLIC tool), 
based on life cycle assessment methodology, is used to assess a case study building 
(a four-storey office building in Gävle). The CO2-eq emissions from a building’s 
material production and energy use are calculated and the impacts of a number of 
suggested building improvements and changes of energy sources are analysed.   

The studies show the complexity of assessment tools and different ways to make 
comparisons. Both similarities and differences between the tools are apparent, 
regarding hierarchical structure and also on each hierarchical level, from categories 
to issues and parameters. It is also shown that the choice of environmental 
assessment tool may have an influence on the architectural design of buildings. 

The difficulty with assessing complex buildings is apparent even when only one 
environmental issue is assessed with the LCA-based ENSLIC tool. Many aspects 
influence the assessment result. These include energy use, choice of materials and 
choice of energy sources.  

The complexity and difficulty in linking buildings to environmental impact create 
a need for interactive tools measuring environmental performance, which can be 
useful as decision support in the early design phase. 
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Summary in Swedish (Sammanfattning) 
Denna licentiatavhandling behandlar miljöbedömningsmetoder för byggnader. 
Arbetet bygger på undersökningar analyser, jämförelser och tester av hur 
miljöbedömningsmetoder bedömer byggnaders miljöprestanda och undersöker 
även vilka konsekvenser som detta kan ha på arkitektonisk utformning. 

Forskningen börjar med att tre miljöbedömningsmetoder, Leadership in Energy 
and Environmental Design (LEED), Code for Sustainble Homes (CSH) och 
EcoEffect analyseras och jämförs. Sedan genomförs en fallstudie där de tre 
metoderna testas på ett bostadshus (ett åttavåningar högt bostadshus i 
Stockholm). Skillnader gällande miljöbedömningsresultat och 
miljöbedömningmetodernas förslag på förbättringsåtgärder samt eventuell 
påverkan på den arkitektoniska utformningen analyseras och diskuteras. 

En av miljöpåverkanskategorierna som bedöms i de tre metoderna, 
klimatpåverkan orsakad av gaser med inverkan på den globala uppvärmningen, 
analyseras sedan mer i detalj utifrån ett livscykelperspektiv genom att mäta 
byggnaders utsläpp av koldioxidekvivalenter (CO2 ekv). Ett förenklat 
beräkningsverktyg (som här benämns ENSLIC-verktyget), som är baserat på 
livscykelmetodik, används för att studera en byggnad (ett fyra våningar högt 
kontorshus i Gävle). Sedan beräknas utsläppet av CO2 ekv från byggnadens 
material- och energianvändning. Effekten av ett flertal föreslagna 
förbättringsåtgärder på byggnaden samt byte av energikällor analyseras också. 

Studierna visar på miljöbedömningmetodernas komplexitet och presenterar olika 
sätt att göra jämförelser på. Skillnader och likheter mellan metoderna påvisas 
gällande hierarkisk struktur och även på varje hierarkisk nivå, från kategorier till 
enskilda bedömda frågor och parametrar. Dessa skillnader talar för att olika 
metoder kan påverka den arkitektoniska utformningen av byggnader.  

Svårigheten i att bedöma komplexa byggnader belyses även när endast en 
miljöpåverkan bedöms med det livscykelanalys baserade ENSLIC-verktyget. 
Många saker påverkar resultatet, framförallt energianvändning tillsammans med 
materialanvändning och val av energikällor. Den komplexa och svåra uppgiften att 
länka samman byggnader med deras miljöpåverkan öppnar upp för användande 
av interaktiva verktyg som mäter miljöpåverkan som kan användas som 
beslutshjälpmedel i tidiga designskeden.  
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Preface 
This licentiate thesis can be seen as an intermediate goal on my journey to acquire 
knowledge, expertise and skills regarding how to design more sustainable 
buildings with the focus on environmental architecture. 

My interest in the subject accelerated when writing my Master’s thesis on 
architecture, which explored how architecture can contribute to a more 
sustainable society using the example of a proposal for a sixth form college in 
Hjärup, Sweden. The main concepts in that project were dematerialisation (doing 
more with less resources) and transmaterialisation (designing ecocycles for 
materials, water, air, energy, ecosystems, knowledge, etc.). My supervisors Krister 
Wiberg and Lars Reuterswärd inspired me to also consider the impact and 
connections to design and aesthetic expression in the architecture, which led me 
to research the relationship between architecture and nature and that between 
man and nature. Even though architecture and the built environment is an abiotic 
environment, I do not consider it to be separate from the biotic environment, 
nature and ecosystems. I also constantly find myself being fascinated by green 
areas and places where nature plays a major role in one or another way, even 
though I appreciate visiting cities and exploring new buildings. But the sensation 
of looking at a beautiful flower, a fragile, elegant butterfly or a landscape is seldom 
experienced in buildings, unfortunately.  

After a couple of years as a practising architect, I felt the urge to learn more about 
environmental architecture in order to incorporate it into projects and to convince 
other stakeholders in the process about its importance. I then had the opportunity 
to visit the inspiring architect Eric Corey Freed and his colleagues Lamia 
Bensouda and Jessica Resmini at Organic Architects in San Francisco, USA.   

My first real contact with environmental assessment tools, which are the main 
subject of this thesis, came when visiting Pascall & Watson architects in London 
and meeting director Cathy Stewart and one of their project leaders, Alex 
Kirkwood. They were working on classifying some of their projects in the 
BREEAM system and had become involved in the task of expanding the 
assessment tool to different types of buildings.  

Professor Mauritz Glaumann then gave me the opportunity to study 
environmental assessment of buildings in a deeper way. He provided me with 
insights into current work regarding environmental assessment tools and a more 
systematic approach to environmental management and environmental 
architectural design.   

It has been almost four years since then and this thesis is the result of some of the 
work done during that period, in parallel with my work at Arkitektgruppen i Gävle. 
There has been a lot of bicycle travel between meetings and projects at the 
Arkitektgruppen i Gävle office, (for example regarding planning the public library in 
Gävle) and the research department at the University of Gävle and also several 
train rides to the Royal Institute of Technology. However, it has all been fruitful. 
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After this licentiate thesis, I hope that I can continue my research on 
environmental assessment of buildings, focusing more on how they influence 
architectural design. I may in fact study the research field from a different angle 
and further examine how the architectural design of the built environment 
influences the design of environmental assessment tools, so that the tools become 
more user-friendly. That is because I would like to see environmental assessment 
tools and the research regarding sustainable building being used more in practice.  
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1. Introduction 
This thesis originates in the desire to learn how to design more sustainable 
architecture, something that is requested by a number of politicians, property 
owners, users, construction companies, building consultants and architects. 
However, to achieve this desire, it is necessary to learn about what a more 
sustainable architecture is and how to distinguish it from less sustainable 
architecture. Then it is also necessary to know the environmental impacts 
generated by buildings and how these are affected by the design of the buildings. 
With other words, it is essential to be aware of the consequences of contemporary 
design and be able to distinguish between actions that are positive and those that 
are negative from an environmental point of view.  

Sustainability encompasses social and economic aspects in addition to 
environmental considerations. However, environmental sustainability can be seen 
as the basis for the other aspects, as human beings are dependent on natural 
resources to survive (Rockström et al., 2009). Environmental sustainability is 
therefore the main subject of consideration and discussion in this licentiate thesis. 

Today we know that the building and property sector is largely responsible for 
many of the world’s environmental problems: pollution, waste, toxic waste, 
resource depletion, land use, biological degradation, etc. (Toller et al., 2009; Toller 
et al., 2010). The environmental impacts can be local, for example noise and land 
use, or global, for example CO2 emissions contributing to global warming (GW). 
There are impacts with short-term effects (e.g. noise) and impacts with long-
lasting effects (e.g. radioactive waste or extinction of species). These 
environmental problems could lead to a collapse of the ecosystems upon which 
our societies and health are built (Diamond, 2005). 

Environmental impacts from an architectural project may only become visible 
many years in the future. If it were possible to measure the environmental 
consequences of building beforehand, it would be easier to prevent any negative 
environmental impacts. That would be positive from an environmental point of 
view, but would also be economically favourable, as repairing environmental 
damage retrospectively is often very costly and can even be impossible, for 
example the predicted consequences of the oil spillage from the Deepwater 
Horizon oil platform in the Gulf of Mexico (Dell'Amore, 2010). 

By making it possible to evaluate and assess the environmental impact of a 
building before it is built, when only the representation of the building is available 
(i.e. a model of a building before it is built), environmental impacts from that 
building could be prevented. In that case, knowledge about the environment has 
to be integrated with knowledge about the building. 

Environmental assessment tools for buildings are designed to provide objective 
evaluation of resource use, ecological loadings and indoor qualities (Cole, 2005) 
and make it possible to evaluate a number of different environmental aspects of 
buildings in a systematic way. They can also be used to produce guidelines, 
benchmarks, ratings and incentives to construct buildings with low environmental 
impact and to work as environmental management tools. They are intended for 
use by people with professions that have a possibility to influence the building (i.e. 
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architects, engineers, constructors, producers of building products, 
investors/building owners, consultants, residents, facility managers, researchers 
and authorities) (Happio and Viitaniemi, 2008). The tools contain parameters and 
indicators that allow the future impact of the building to be measured and criteria 
have been defined to make it possible to evaluate the results. However, these 
parameters, indicators and criteria have been determined in different ways and the 
outcome is a large number of different methods for environmental assessment of 
buildings. Some tools focus more on rating the proposed building in comparison 
to conventional buildings, while others focus on assessing the environmental 
impacts from the building. Reijnders and van Roekel (1999) make a distinction 
between ‘scoring instruments’ and ‘guidance type instruments’. 

In this thesis, the environmental assessment tool is regarded as being a theoretical 
link between the architectural project and its environmental impacts (Figure 1). 
The assessment tool is able to link the building with its environmental impacts 
through being capable of assessing those environmental impacts. It also links the 
environmental impacts to the building through connecting considerations of the 
environmental impacts to the architectural design of the building.  
 
         Architectural        -         Environmental Assessment     -     Environmental  
              Project                                 Tool                      Impacts  

 

 

 

 

 

 

 

 

 

 
 
Figure 1. Environmental assessment tools for buildings link the architectural project to the 
environmental impacts. 
 

The tools can have many other purposes, for example internal management for 
existing buildings and market communication (Crawley and Aho, 1999; 
Malmqvist, 2008a), but these are not studied in this thesis. 

The concept of environmental assessment tools can be considered young in 
comparison to the concept of sustainability. Back in the 16th century, Hans Carl 
von Carlowitz (1713) published a seminal book on sustainable management of 
forests, which can be regarded as the starting point for research on sustainability. 
The work and research regarding environmental assessment of buildings is much 
younger, as the first environmental assessment tool for buildings was only 
launched in the 1990s (Grace, 2000), when the British organisation BRE (Building 
Research Establishment) created the BREEAM (Building Research Establishment 
Assessment Method) tool. This voluntary system has been further developed and 
now there are several BREEAM tools for different kinds of buildings: offices, 
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residential houses, blocks of flats, industries, healthcare, retail, education, 
communities, domestic refurbishments, etc. More than 110 000 buildings have 
been certified and over half a million buildings registered for certification 
(BREEAM, 2010).   

The interest in assessing buildings seems to be continually increasing.  In the UK,  
a version of the BREEAM EcoHomes tool has been developed into ‘Code for 
Sustainable Homes’ (CSH) (Table 1) and was also transformed into a code for 
residential buildings in England and in Wales in 2009 (DCLG, 2009). 

The use of BREEAM (BRE Global, 2010a) has also led to the development of 
assessment tools in other parts of the world. The American assessment tool 
LEED (USGBC, 2010) (Table 1) is gaining much publicity and increasing 
recognition. In Japan, the tool CASBEE (Comprehensive Assessment System for 
Built Environment Efficiency) (JSBC, 2010) has been developed to evaluate both 
building quality and environmental impacts. In Sweden, the tool EcoEffect 
(Assefa et al., 2007; Glaumann, 2010) (Table 1) has been designed to give a deeper 
understanding of the environmental impacts of buildings.  In 2009 was the release 
of the tool ’Environmental Rating of Buildings’ (Malmqvist et al., 2010a), which 
assesses buildings in terms of three key areas: energy, materials, and indoor 
environment.  These are just some of the large number of tools available all over 
the world. Some of them assess building components and some whole buildings, 
while others also take the surrounding environment into consideration (Forsberg 
and von Malmborg, 2004; Malmqvist, 2008a; Trinius and Nibel, 1999; Todd et al., 
2001). 

Many tools contain considerations linked in some way to Life Cycle Assessment 
(LCA) methodology. LCA is a structured, comprehensive and internationally 
standardised method (JRC, 2010). It can be used to make a systematic analysis of 
the environmental aspects and potential impacts (such as resource use, human 
health and ecological consequences) over a product’s entire life cycle (i.e. cradle to 
grave) (ISO 14040, 2006). 

The tools developed have both similarities and differences. As a number of tools 
are available on the market at the same time, there is an interest in understanding 
these tools and knowing about their characteristics. Comparisons of existing 
environmental assessment tools have been made (AIA, 2008; Cole, 1999; Cole, 
2006; Ding, 2008; Finnveden and Moberg, 2005; Forsberg and von Malmborg, 
2004; Fowler and Rauch, 2006; Happio and Viitaniemi, 2008; Myhr, 2008; 
Reijnders and van Roekel, 1999; Todd et al., 2001; Zhenhong et al., 2006). 
However, these comparisons either primarily focus on general aspects or make a 
closer analysis of one tool at a time, while differences regarding their content have 
not been analysed in any great detail.  

Clarification and identification of similarities and differences between tools are 
essential for further discussion regarding the consequences these differences can 
have on architecture and on the environment. A number of case studies in which 
tools have been used to evaluate buildings have been reported (Adalberth et al., 
2001; Junnila, 2004; Petersen and Solberg, 2005; Scheuer et al., 2003). How the 
assessment tools influence the architectural design in the design process has not 
been studied as closely. Questions of interest include: Are certain environmental 
aspects or certain stages in the life cycle of a building favoured/ignored?  And Do 
the tools guide ‘green’ building in different directions? 
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Table 1.  Short tool descriptions for four environmental assessment tools discussed in the 
thesis: LEED, Code for Sustainable Homes, EcoEffect and the ENSLIC tool (for more 
information regarding tool content see Appendix A-D) 
 
 

ASSESSMENT 
TOOL  

TOOL DESCRIPTION TOOL  
WEBSITE 

LEED, 
Leadership in 
Energy and 
Environmental 
Design  

Criteria-based tool (building certification 
system). It provides third-party verification that 
a building or community is designed and built 
using strategies aimed at improving performance 
across a number of measurables: energy savings, 
water efficiency, CO2 emissions reduction, 
improved indoor environmental quality, and 
stewardship of resources and sensitivity to their 
impacts (USGBC, 2010)  
 

www.usgbc.org 
 
http://www.usg
bc.org/ShowFile
.aspx?Document
ID=5546 

CSH, 
Code for 
Sustainable 
Homes 

The national standard for the sustainable design 
and construction of new homes in the UK. The 
Code aims to reduce carbon emissions and 
create more sustainable homes. It measures and 
communicates the sustainability performance of 
a new home against categories of sustainable 
design with minimum standards for energy and 
water use at each level. It is criteria-based but 
includes the use of LCA for evaluating materials 
(Planning Portal, 2010)  
 

 
www.planningp
ortal.gov.uk 
 
http://www.plan
ningportal.gov.u
k/uploads/code
_for_sustainable
_homes_techgui
de.pdf 

EcoEffect An interactive assessment tool based on both 
criteria and LCA analysis. It assesses energy use, 
material use, and indoor and outdoor 
environment. The magnitude of the 
environmental impact in different environmental 
categories is calculated and the building assessed 
on the basis of that information (Glaumann, 
1999; Glaumann et al., 1999)  
 

www.EcoEffect.
se 

ENSLIC tool 
(also called 
ENSLIC BASIC 
ENERGY & 
CLIMATE 
TOOL) 

A basic LCA tool which can make simplified 
LCA calculations based on use of building 
materials and energy. The programme calculates 
related environmental impacts, CO2-eq 
emissions and rough estimates of annual energy 
use. It can also test a number of building 
improvements and their potential environmental 
impact (Malmqvist et al., 2010b) 

http://circe.cps.
unizar.es/enslic/
texto/home.html  
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2. Objectives of the thesis 

2.1 Overall objective 
The overall objective of this thesis is to gain a deeper understanding of 
environmental assessment systems and tools for buildings, and their potential 
influence on architectural design. Such knowledge can contribute to discussions 
regarding environmental assessment tools and environmental architectural design 
and to the future development of these tools. 

 

Two main functions of environmental assessment tools are investigated: 

■      Their function as an assessment instrument to evaluate how   
environmentally benign a building is.  

■    Their function as a instrument in guiding designers and environmental 
building design. 

 

2.2 Objectives of Papers IIII   

Paper I 

The main objective of Paper I is to examine environmental assessment tools on a 
detailed level, by making systematic comparisons in a way that could be applicable 
for comparison of other tools and for further discussion of tool content, tool 
structure and tool development. The systematic method of comparison developed 
is tested on three selected tools for environmental assessment of buildings: 
LEED, CSH and EcoEffect. 

The main questions are:  

• What do the tools assess? (What environmental issues and what parts of a building 
and/or an architectural project?) 

• How are these issues assessed?  
• How are the assessed issues structured and weighted? 
• How can we make structured and understandable comparisons? 

Paper II  

The main objective of Paper II is to examine how the differences between 
assessment tools, as reported in Paper I, influence the assessment results and the 
design of architecture and technical solutions in a residential building project.  

 

The main questions are:   

• Do different tools give a different rating and assessment result for a particular 
architectural project? 

• Do different tools promote different improvement measures for an assessed 
architectural project? (i.e. steer the architectural design in different directions?) 
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Paper III 

Paper III examines one of the environmental impact categories included in the 
tools studied (contribution to climate change) using a basic life cycle calculation 
tool, here referred to as the ENSLIC tool, which is an interactive assessment tool 
without defined criteria and rating levels. 

The objective of Paper III is to use an interactive assessment tool as decision 
support and to examine how building improvements in an architectural project 
can reduce the CO2-eq emissions generated by the building, if studied from a life 
cycle perspective. The relative importance of different life cycle stages and energy 
sources receives particular attention.  

 

The main questions explored are:  

• Can a basic life cycle calculation tool calculating CO2-eq emissions from material 
production and energy use and from potential building improvements be used as 
decision support in early design phases? 

• What can this basic LCA tool tell us about the impact on CO2-eq emissions of 
potential building improvements to an office building in Sweden? 

• What can this basic LCA tool tell us about the CO2-eq emissions from material 
production and energy use in an office building in Sweden? 

 
 
 
 
 

3. Outline of the thesis  
This covering essay provides a summary of the three papers appended (Papers I, 
II, III) and describes how they are linked together. It also touches on common 
conclusions and other subjects connected to the topics covered in Papers I-III. 

Section 4 of this covering essay describes the research methods used in Papers I-
III, while section 5 presents the research findings from each paper. Section 6 
discusses the results in a wider context and suggests possible future research in 
the area. Finally, section 7 presents the conclusions from Papers I-III. 
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4. Research methodology  

4.1 Overview  Research field  
The studies carried out in Papers I-III can be regarded as being mainly empirically 
based, in the field of technological science. They can also be seen as holistic and 
interdisciplinary architectural research, using case study methodology. The studies in 
Papers I-III also belong within the framework of Environmental Strategies Research. 
These concepts are further explained below. 

 

Empirically based research  

This thesis examines environmental assessment tools for buildings and their 
relation to architectural design. The research has a theoretical base, a conceptual 
area, which in this thesis consists of the theories connected to environmental 
assessment tools (Figure 2). The empirical area is the building project, including 
both the physical building and the building process. It is also the existing 
environmental assessment tools. The focus is on the empirical area and the studies 
can therefore be considered as being empirically based and not purely theoretically 
deductive.  
 
 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 2. The research area examined in this thesis is represented by the overlap between the 
empirical area and the conceptual area. 
 

Conceptual area  
Theories regarding  
assessment tools  
for buildings 
(environmental  
impacts, aggregation, 
weighting, etc.) 

Empirical area  
The building  
The architectural design process  
Existing Environmental  
Assessment Tools:  
LEED, CSH, EcoEffect,  
The ENSLIC Tool 

Research area 
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Technological science  

The assessment tools studied are problem-orientated, with the aim of being 
functional tools which can fix a problem (decrease the environmental impacts 
from buildings). Studying man-made objects and their design is one of the 
characteristics of technological sciences. Hansson (2007) defines technological 
sciences as having at least six defining characteristics that distinguish them from 
the other sciences. This study closely corresponds to all six in some way: 

 Technological sciences:  

● ‘have human-made rather than natural objects as their (ultimate) study 
objects’  

  (in this study: the building and the assessment tools) 
●  ‘include the practice of engineering design’  
  (in this study: the design of a building and the design of an assessment tool)  
●  ‘define their study objects in functional terms’  
  (in this study: the building is described through its functions) 
●  ‘evaluate these study objects with category-specified value statements’  
  (in this study: the assessment results and labels) 
●  ‘employ less far-reaching idealizations than the natural sciences’  
  (in this case: the studies search for knowledge that might lead us closer to the solution 

(more sustainable architecture), without emphasis on finding the solution) 
●  ‘do not need an exact mathematical solution when a sufficiently close 

approximation is available.’  
  (in this study: indicators and approximations are used to assess buildings). 

 

Architectural research and architectural design research  

As well as using environmental assessment tools to analyse a building project, the 
studies reported in Papers I- III also include research about the building project 
being assessed and its architectural design, although mainly from an 
environmental perspective. 

This can be considered architectural research. The architectural research covers 
research focused on both the physical outcome of the design and the process of 
design and the practice of architectural firms (Groat and Wang, 2003).  The case 
studies in Papers II and III can also be considered architectural design research, as 
they are studies of architectural projects. 

In 2007, the Royal Institute of British Architects (RIBA) held a research 
symposium, some of the ideas discussed there can be found in an article by Short 
(2008). At the symposium Jane Rendell, Chair of the RIBA President’s Awards for 
Research, ‘revived the idea that design research in academic institutions should be 
a critique of current practice’ (Short, 2008). This thesis, using environmental 
assessment tools to assess the architectural design process and buildings, can be 
considered a critique of current practice. The results reveal the environmental 
impacts that can be caused by current conventional architectural design, but also 
identify possible building improvements to decrease these impacts.  
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The studies involved many disciplines (technical, ecological, natural, social, 
medical) and other aspects such as management and economics, and can therefore 
be categorised as holistic and interdisciplinary. Knowledge from many disciplines 
is combined and transgresses traditional boundaries between academic disciplines, 
something that is typical of architectural research. ‘Architecture encompasses 
many different disciplines and therefore architectural research must engage with 
what all of them have to offer’... ‘architectural research is interdisciplinary in the 
sense that it harnesses strategies and tactics from other disciplines to achieve its 
end in gaining knowledge about how built environments could enhance human 
life’ (Wang, 2002).   

Papers II and III describe two case studies, one on a residential building in 
Stockholm (Figure 3) and one on an office building in Gävle (Figure 4). ‘A case 
study is an empirical inquiry that investigates a contemporary phenomenon within 
its real-life context...’ (Yin, 2003).  

The case study approach is sometimes criticised because there is no basis for 
generalising from one case to another case. However, its strength is its capacity to 
generalise to theory, which in turn can be tested through other experiments. The 
theory grounded in one single case can therefore become the vehicle for 
examining other cases (Yin, 2003). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Photo of the residential building ‘Grönskär’, located in Stockholm. 
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Environmental Strategies Research 

The studies reported in Papers I-III fall within the definition of Environmental 
Strategies Research since they examine environmental assessment tools, which is 
an area of research dealing with the interconnections between environmental 
issues, technological developments and societal change.  

Example of common research questions in this field are: What can we do today to 
achieve sustainable development? and How can we measure the environmental 
impacts of products, services and other systems? (Environmental Strategies 
Research – fms, 2010) 

Studying, testing and developing environmental assessment tools, as in this thesis 
(Papers I-III) comprises one area of environmental strategies research. Apart 
from measuring and gaining deeper knowledge of the environmental impacts 
from products, services or other systems, the aim can be to develop solutions, 
knowledge and debate concerning strategic environmental problems 
(Environmental Strategies Research – fms, 2010). By strategic environmental 
problems is meant environmental problems that are important (globally, for a 
country, for a sector, for a company or an agency) and require long-term 
solutions.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Photo of the office building located in Gävle. 
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4.2 Research methods used in Papers IIII 

Analysis and comparison  Paper I 

Paper I seeks to analyse and compare tools in order to better understand them. A 
comparison of three assessment tools: LEED-NC v3 (USGBC, 2009a; USGBC, 
2009b) Code for Sustainable Homes (DCLG, 2009), and EcoEffect for New 
Designs 2006 (Assefa et al., 2007; Glaumann, 2004; Glaumann, 2010), is carried 
out to exemplify how information regarding the content, structure and weighting 
method of the tools can be analysed.   

The tools are selected because they are different from each other in a number of 
ways. LEED and CSH are internationally well known, but LEED is market-driven 
and CSH is used as a building code. EcoEffect represents an LCA-based tool 
developed to measure environmental impacts. 

The tool content is analysed by studying the tool documents and information on 
related websites. The information is then divided into: Assessment Object, 
Assessment Tool, and Assessed Environmental Impacts. These are deconstructed 
into smaller parts, which are compared separately.  The definitions used for the 
content of the tools are organised in the same way as in CSH, into categories, 
issues and assessment criteria. The input data demanded by the tool are defined as 
parameters.  

Different types of issues are defined and the weighting and aggregation used in 
the tools are studied. The analysis includes making the comparison in such a way 
that it would be possible to compare other tools in a similar way. An illustration 
of the hierarchical structure of the tools comprises a major part of the 
methodology of the comparison in order to give an overview of the tools, make it 
easier to analyse them further and clearly present the differences. 

 

Case study  Paper II 

In Paper II, the assessment tools analysed in Paper I (LEED, CSH and 
EcoEffect) are tested on a case study building project in Stockholm as another 
approach to analyse differences and compare tools. Differences between test 
results and between improvement proposals are examined.  

The methodology used in this study comprises a comparative analysis of the 
results from three building environmental assessment tools when applied to an 
architectural project in Stockholm, Sweden. The estimated test results are then 
summarised and compared. To make comparison of the methods clearer, the 
assessment results are rearranged into common categories and both category 
results and assessed issue results are examined.  

Differences between the tools are identified and their potential influences on 
future sustainable architectural projects discussed.  

The tested building, called Grönskär, is a product-based industrialised building,  
built with a system for multi-family housing within the ModernaHus building 
concept developed by the contractor SKANSKA. It is eight storeys high and has a 
gross area of 2893 m2 (Figure 3). 
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The building is designed to a detailed level and data are taken from drawings, 
specification documents and through interviews with the SKANSKA project 
manager and environmental consultant. 

 

Case study with LCA perspective  Paper III 

Paper III uses a basic life cycle calculation tool, the ENSLIC tool (developed in 
the European Union project ENSLIC) (Malmqvist et al., 2010b) to analyse the 
CO2-eq emissions from a building’s material production and energy use. The tool 
is an Excel program containing data regarding CO2-eq emissions from a number 
of materials and energy sources. It also contains a set of predefined options for 
building improvement measures.  

A 50-year life cycle perspective is used to study the CO2-eq emissions from the 
production of major building materials and those from energy use during the 
occupancy phase. 

Data from the building project are taken from drawings, specifications and energy 
calculations performed with Enorm and inserted into the tool. Data regarding 
CO2-eq are then presented in the program. A number of relevant building changes 
included in the calculation tool are also tested and the resulting reductions in CO2-
eq are presented. 

Changes in CO2-eq emissions because of changes of energy sources are also 
examined. The energy sources tested are: Swedish electricity mix and heating from 
Gävle district heating, Nordic electricity mix, district heating Stockholm, and also 
electricity and heating from coal. 

The building used for the case study is a four-storey office building in Gävle 
(Figure 4). The functional equivalent is an office building meeting the 
requirements in the Swedish building code, with an indoor temperature of 20°C 
and a ventilation rate of 1.0 air changes per hour.  
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5. Research results  

5.1 Paper I 

Differences between the tools 
The results of the comparison of the assessment tools LEED, CSH and 
EcoEffect in Paper I are presented below, starting with the categories, issues and 
parameters the tool assesses, followed by how these are assessed and finally how 
they are structured, weighted and aggregated.  

Comparison of the tools shows that there are some categories which are unique to 
each tool. In LEED these are the categories Water, Design & Innovation, 
Sustainable Site and Regional Priority; in CSH the categories Water, Management 
and Ecology; and in EcoEffect the categories Site Assessment and calculation of 
Life Cycle Costs1 (LCC).  However, the tools have many issues related to Energy 
& Pollution, Material & Waste and Indoor Environment, although this similarity 
is not as great as first appears because the issues and parameters under each 
category vary. Therefore the focus differs between the tools. As an example, 
energy use during occupancy is indirectly measured in all three tools, but the focus 
varies from decreasing energy costs (LEED) to decreasing CO2 emissions (CSH) 
or decreasing environmental impact from a number of different impact categories 
(EcoEffect).  

The issues and parameters used reveal differences regarding what the tools assess 
in terms of indata from the architectural project (Assessment Object). Depending 
on what the issues assesses, different parts of the architectural project are 
analysed.  

The objects assessed are either parts of the physical building or the process. They 
can also be specified depending on the building stage or architectural project 
phase in which they occur. Regarding the physical building, the tools include the 
building and sometimes also the property and issues in the surrounding 
neighbourhood. The building stages examined are manufacturing, construction 
and use of the building.  The end-of-life stage is only included indirectly in the 
tools. 

Three types of issue are identified depending on the issues assessed (Table 2):  

• Procedures – Specific procedures or processes are assessed (e.g. commissioning 
of ventilation system, use of accredited assessor, delivering a home user guide). 

• Features – Specific building features are assessed (e.g. technical solution or 
specific equipment such as drying lines, bicycle parking). 

• Performance – The result and performance of technical solutions or designs are 
assessed (e.g. lowered energy requirement, lowered CO2-eq emissions).  

                                                 

 
1 In EcoEffect cost is assessed as life cycle cost for two reference scenarios: one with environment-related 
costs such as energy and waste rising considerably compared with other costs; and the other with cost 
relations staying stable throughout the life time of the building.  
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Commissioning of Energy System ○ Dwelling Emission Rate  ■ Global Warming Potential (GWP) ■
Optimized Energy Performance ■ Building Fabric ■ Acidation ■
Refrigerant (CFC) Management ○ Internal & External lighting ▲ Eutrification  ■
On‐site Renewable Energy ■ Drying Space  ▲ Radioactive waste ■
Green Power energy contract ○ Energy Labeled White Goods ▲ Ozone Depletion  ■
Energy Measurem. & Verific. Plan ○ Low or Zero Carbon Technologies ■ Ground Ozone Formation  ■

Cycle Storage ▲ Toxicity ■
Home Office facilities ▲ Natural Resources Depletion  ■
NOx Emissions (from heating) ■

Storage and collect. of recyclables ▲ Env. Impact of Materials ■
Building Reuse ■ Responsible Sourced Materials ○
Construction Waste Management ■ Storage of Household Waste ▲
Materials Reuse ■ Constr. Site Waste Managment ○ Same as  for
Recycled Content ■ Composting Facilities ▲ Energy and Pollution
Regional materials ■ GWP of insulants ■
Rapidly Renewable materials ■
Certified wood ■

IAQ Performance ■ Daylighting ■ Joint Disorder ■○
Env. Tobacco Smoke (ETS) Control ○ Sound Insulation ■ Sleeping Disorder ■○
Outdoor Air Delivery Monitoring ▲■ Private Space (Outdoor) ▲■ Sick Building Syndrome ■○
Increased Ventilation ▲■ Lifetime Homes ▲■ Allergy ■○
Construction IAQ Management  Pl ○ Indoor Air quality ■○
Low‐Emitting Materials ■ Thermal Climate ■○
Indoor Chemical and Pollutant  ▲ Sound Environment ■○
Controllability of Systems ▲ Electro Magnetic Environment ■○
Thermal Comfort ▲○ Radon and legionella ■○
Daylight and Views ■

Water Use Reduction ■ Indoor Water Use ■
Water Efficient Landscaping   ■ External Water Use ■
Innovative Waste Water Techn. ■

Storm Water design  ■○ Managem. Surface Water Run‐off ■○ Potable water use ■
Constr. Activity Pollution Prevent. ○ Flood risk ■ Stormwater quality & treatment ■
Site Selection ■ Ecologic Value of Site ■○ Biodiversity ■
Development Density and 

Community Activity
■ Ecological Enhancement  ■○ Biological Production Capacity ■

Brownfield Redevelopment ■ Protection of Ecological Features ■○ Material Ecocycles ■
Alternative Transportation ▲■ Change in Ecological Value of Site ■○ Comfort(shade,wind,noise,smell ■
Site Development ■ Building Footprint ■ Traffic Air Pollution ■
Heat Island Effect ■ Electro Magnetic Environment ■
Light Pollution Reduction  ■ PCB, Impregnated Wood ■

Home User Guide ○
Considerate Constructors Scheme  ○
Consstruction Site Impact   ○
Security ○

Innovation in design ▲■ LCC ‐ Yearly operation cost ■
LEED accredited professional ○ LCC‐ Yearly maintenance cost ■
Regional Priority ▲■ LCC ‐Investment  cost  ■

Domestic Water 

Site & Ecology

Management / Procedures

Else

EcoEffectLEED CSH
Energy and Pollution

Indoor Environment/ Health & Wellbeing

Material & Waste

Feature = ▲
Performance = ■
Procedures = ○

GWP= Global Warming Potential 

Performance issues are used in all three tools. Features and procedures are mainly 
found in LEED and CSH, while EcoEffect concentrates more on performance 
issues. 

The procedures assessed in the design and building process are particularly those 
related to the design, construction and management phases.  

 
Table 2. Issues assessed in the three tools, categorised as Feature, Performance and 
Procedure issues (Paper I) 
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Different categories and issues are given different degrees of emphasis in the 
tools. The main emphasis tends to be on the categories connected to Energy & 
Pollution. Approximately one-third of the scores available in LEED and CSH are 
located in this field (Figure 5). 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 5. Pie charts presenting the (weighted) categories in LEED v 3 and CSH and their 
relative importance (%) in relation to total scoring (Paper I) 
 

Comparison of the three assessment tools reveals a number of other differences 
located on all hierarchical levels in the tool structure. Apart from having different 
kinds of labels and label intervals, the methodology for scoring and weighting 
differs between LEED, CSH and EcoEffect. The aggregation varies between the 
tools, as does the number of weighting steps. 

Method of comparison 
Making a comparison of different environmental assessment tools is difficult. 
Getting an overview over the tools can be as difficult as getting an overview of a 
construction project. The complexity, uncertainty and dynamics of most 
construction projects cause difficulties in the management of these projects 
(Nguyen et al., 2004). Sutrisna and Barrett (2007) demonstrate how ‘Rich Picture 
Diagrams’ can be applied to modelling case studies to capture the richness of the 
information in construction projects. The Rich Picture Diagrams are used to 
‘improve presentation and enable thorough cross-case analysis by providing a 
holistic view’ of the construction project storylines (Sutrisna and Barrett, 2007). 
Cross-case analysis of environmental assessment tools involves similar complexity 
and there is great difficulty in grasping the richness of the tools all at once. 
Therefore a picture diagram of the hierarchical structure, content and aggregation 
of the tools can be created as part of the comparison, in order to give a clearer 
overview of the tools and their differences (Figure 6). 

Even though the comparison method used here involves deconstructing the tool 
components into smaller parts (final result, categories, issues, parameters, 
weights), which are compared separately, hierarchical picture diagrams make it 
easier to survey and compare the whole tools at once. 
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Figure 6. Picture diagrams showing the hierarchy, results, categories, issues, weighting and 
aggregation in LEED, CSH and EcoEffect. The diagrams illustrate how LEED, CSH and 
EcoEffect are structured and how they aggregate the large number of building environmental 
issues addressed into one, two or three final results. The Outdoor Environment category in 
EcoEffect is not presented. Each issue can contain a number of parameters, which are not 
included in the diagram (Paper I). 
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5.2. Paper II 

Differences in assessment results 
In order to analyse the tools and their differences in another way, the three tools 
are tested on a case study in Paper II and the assessment results are extracted and 
discussed.  

The project assessed, the Grönskär building, is given a rather low total assessment 
result with all three tools (Table 3). The building obtains almost the same 
percentage total score in both LEED and CSH (44% and 49% respectively). 
However, the category scores vary greatly between the tools, which indicates that 
the tools assess the project differently. 

 
Table 3. Assessment results and labels for the case study building Grönskär in relation to the 
score needed for the highest label in LEED-NC v3, CSH and EcoEffect  

 
 
TOOL 

 
Scores 

 
Label 

Highest Label 
(needed scores) 

LEED-NC v3 48 points Certified Platinum (> 80 
points) 

CSH 49.4 
points 

2 Stars 6 Stars (> 90 
points) 

EcoEffect 
     External Environmental Impact 
     Internal Environmental Impact 

 
9.6 ELN 
3.3 ELN 

 
4 Stars 
3 Stars 

 
6 Stars (< 2.0 ELN) 
6 Stars (< 0.5 ELN) 

 
ELN= Environmental Load Number 

 
Obtaining a high score in one category indicates that a particular tool thinks the 
building is more environmentally benign in that category than in a category where 
the scoring result is low. Therefore the tools send varying signals regarding the 
strong and weak environmental properties of the assessed building. For example, 
the lowest scores are obtained in different categories in different tools (Table 4). 
The categories with the highest scores also vary between the tools (Table 4).  

 

Table 4. Tool categories in which the Grönskär project receives the highest and lowest scores 
in relation to maximum scores (LEED and CSH) and in relation to reference building scores 
(EcoEffect) (data from Table 3 in Paper II) 
 
 
TOOL Category with the highest 

score (% of maximum) 
Category with the lowest 
score (% of maximum) 

LEED-NC v3 Indoor Environmental Quality 
(80%) 

Material & Resources (21%)  

CSH Waste (86%)  Water (17%)  
 

EcoEffect Energy Emissions (45%, 
compared with reference 
building scores)  

Material emissions (-8% 
compared with reference 
building scores) 
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These variations between results in tool categories become clearer when the 
results are reorganised under a set of common new categories (Figure 7).  

The variation between assessment results is clearest in the category Material & 
Waste and in Indoor Environment, where it ranges from almost 80% of 
maximum scores in LEED to less than 20% in EcoEffect.  

The reason behind the variation in tool results is mainly the large variation in the 
issues and parameters used. This is apparent when studying the detailed 
assessment results in the common categories Energy & Pollution, Material & 
Waste and Indoor Environment (Table 5 in Paper II). The only common issue in 
all three tools (Daylight) is assessed with different parameters and the Grönskär 
project therefore scores differently even for that issue (receives high scores in 
LEED but not in CSH and EcoEffect).  
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* In EcoEffect the results are % improvement relative to reference scores, i.e. how much 
better/worse Grönskär is in relation to a reference building (% = (Reference values – Grönskär 
values) / Reference values)  

** No issues in this category in EcoEffect 

*** Issues in Site & Ecology not assessed in EcoEffect 

**** Results cannot be summarised in EcoEffect 

 

Figure 7. Assessment results for Grönskär in the tools LEED, CSH and EcoEffect, presented 
for LEED and CSH as the result in % of the maximum scores available in the tool in the new 
common categories; and for EcoEffect as the result in % of the scores for a reference building 
(data from Table 4 in Paper II). 
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Influence on architectural design 
The study shows that there are differences between the assessment tools for the 
Grönskär project. The tools therefore encourage different measures to improve 
the assessment results, which can influence the architectural project’s:  

a) Design (influence the project design (i.e. the preliminary plan, sketch, or 
concept, for the making or production of a building, machine, garment (Fowler, 
1995), without influencing the architecture or building components in a sensory 
manner, i.e. not being recognisable with the senses sight, hearing, taste, smell or 
touch).   

b) Design process (influence the process or ‘art of producing the preliminary 
plan, sketch, or concept, for the making or production of a building, machine, 
garment’ (Fowler, 1995) in the project). 

c) Architectural design (influence the project design in a way that 
simultaneously influences the architecture or building components in a sensory 
manner, i.e. recognisable with the senses sight, hearing, taste, smell or touch).   

The issues may also have no direct influence on the specific project’s physical 
design or design process, but may have other consequences, (e.g. the LEED issue 
regarding buying green electrical power will not influence the project, but may 
influence the society in a wider context, e.g. type of power plant and urban 
planning.) 

Exactly how the architectural design of this particular residential building and 
architecture in general could be influenced if any of the tools would have been 
used in the design process is difficult to predict. Some improvements are defined 
measures giving certain scores in LEED and CSH, but in EcoEffect the measures 
regarding external environment have to be tested to assess the size of the 
reduction in environmental impact. The environmental improvement is then 
credited and not the measure itself. Low environmental impact is the goal, but the 
measures are not defined in advance by the EcoEffect tool itself and can 
therefore be of various kinds. 

Paper II shows the improvements the tools require for the Grönskär project in 
the categories Energy & Pollution, Material & Waste and Indoor Environment. 
Using that as a basis, potential influences on the architectural design can be 
discussed. 
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Energy & Pollution 

In the Energy & Pollution category, there are a number of improvement measures 
demanded by the tools for the specific case study, Grönskär, to obtain a better 
rating (see also Table 6 in Paper II). 

 

For an improved rating:  

LEED demands:  

 Lower energy costs, on-site renewable energy and green electrical power. 

CSH demands:  

 Low or zero carbon technology, lower dwelling emission rate (CO2), 
lower NOx emissions from space heating and hot water, better building 
fabric, energy-efficient external lighting, energy-labelled white goods, 
laundry drying space and bicycle storage. 

EcoEffect demands:  

 Lower environmental impact from energy use (for example through 
renewable energy sources, thermal insulation, reduced energy use by low 
energy technology (light, white goods, water use appliances), heat 
recovery, building automatisation). 

 

All three tools require several energy-related measures. Indirectly, all tools favour 
reduced energy use for heating, hot water and operation (e.g. lighting, pumps, 
ventilation) but the emphasis is on different aspects (Energy Cost (LEED), CO2 
emissions (CSH), Environmental Impact (EcoEffect)), which may result in 
different solutions. 

Energy saving is one way of getting a better score, for example by having  
sufficient thermal insulation, which in turn mainly affects the construction of 
walls, slabs, roof, doors and windows. CSH specifically demands a better building 
envelope from Grönskär that limits heat losses, while in LEED and EcoEffect 
this is just indirectly measured. More insulation would then be needed, which 
would influence the building and its architectural design.  

Renewable energy and low carbon energy sources are mentioned by all three tools 
but only LEED demands on-site renewable energy, which will result in either 
solar panels, photovoltaic cells or windmills on the building site. These will be 
visible and may also influence the building form, for example by influencing the 
roof angle. This is another example of how the architectural design is influenced 
by the use of different issues in the tools. 

On the other hand, LEED does not highlight the importance of using energy-
saving technical appliances in addition to lighting in the same way as CSH and 
EcoEffect. These features set certain criteria for the project and will probably be 
easy to notice as well.  

CSH specifies low-tech building facilities such as spaces for drying laundry and 
storing bicycles, which can influence the design of floor plans. (LEED also 
includes bicycle storage, but under the category Sustainable Site) 
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Decreased energy cost (LEED), CO2 and NOx emissions (CSH) and 
environmental impact from energy use (CSH and EcoEffect) can be achieved 
using systems for heating and ventilation with high efficiency and/or systems with 
heat recovery from air and/or water. These systems are integrated with the 
building and will most likely influence the building design. For example, the 
ventilation system (with an air-to-air heat exchanger) in the case study office 
building in Gävle (Paper III) required a raised attic to accommodate all the 
ventilation equipment.  

There is a great variety of technical appliances available on the market that could 
be used in the Grönskär project. It is therefore not possible to predict the effect 
on the architectural design based on this study.  

While the type of issue the tools assess may influence the architectural design, the 
specific criteria levels are also important and these tend to vary. For example, the 
energy criteria for best rating in the tools are set on rather different levels; 46% 
energy cost improvement (LEED), zero carbon dioxide (CSH), or zero 
environmental impact (EcoEffect). Achieving a zero carbon dioxide or zero 
environmental impact will demand measures on the energy system in the building 
to a much higher extent than the requirement to decrease the energy cost by 46%. 

Material & Waste  

In the Material & Waste category, the tools demand different changes for the 
Grönskär case study, mainly regarding the materials (see also Table 7 in Paper II). 

 

For an improved rating:  

LEED demands:  

Building reuse, material reuse, recycled material 20%, certified wood, 
regional materials and rapidly renewable materials.  

CSH demands: 

Larger waste composting facilities, responsible sourcing of materials, 
lower environmental impact of materials (according to the Green Guide 
to Specification). 

EcoEffect demands: 

Lower environmental impact from materials (using less material/m2 
and/or materials with lower impact (e.g. renewable materials by replacing 
polystyrene insulation with 'eco-fibre' (wood, linen or hemp) and/or 
reused or recycled material).  

 

According to LEED, Grönskär needs to improve all the issues listed in the 
Material & Waste category (Appendix B and Table 5 in Paper II). 

LEED has specific criteria for the materials, which can influence the architectural 
design if the chosen materials affect the construction design or are visible in the 
construction. In particular, use of reused material and of rapidly renewable 
materials (e.g. hemp, straw, bamboo), which are only indirectly included in CSH 
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or EcoEffect, will most likely influence the architecture. These materials can also 
be exposed intentionally to market the building as ‘green’. However, the quantity 
of the materials needed to meet the criteria is rather low in LEED, and for 
example recycled or low-emitting material is not always different from material 
not meeting those criteria. Using steel and aluminium that is recycled, for 
example, will not affect the architecture. If materials are hidden in the 
construction (e.g. hemp insulation) the visual impact will also be rather small. If 
buildings had a definite declaration of content, the situation would be clearer.  

In CSH, the larger composting facilities will demand a change in the architectural 
design of the building. Switching to responsibly sourced materials (CSH) will 
probably have little influence on the architectural design, as these do not 
distinguish themselves compared with non-responsibly sourced materials (FSC- 
(Forest Stewardship Council) certified wood does not look any different from 
non-certified wood, for example). However, such a switch might influence the 
design indirectly, as it is probable that not all materials available on the market are 
responsibly sourced. This aspect is not considered in LEED and EcoEffect, 
which can result in the use of different building materials.  

For CSH and EcoEffect there are many possible combinations of material choices 
that can be made in order to meet the low environmental impact requirement. 
That makes it difficult to say what exactly is demanded by the tools and how this 
will influence the architectural design. There are also many possible combinations 
of building materials. However, the requirements can limit the design choices if 
the acceptable materials are limited. This in turn can influence the architectural 
design. There are for example 14 element types for external wall systems for 
domestic buildings in the Green Guide to Specification (BRE Global, 2010b). 
According to the Guide, an external wall construction made from loadbearing 
precast concrete2 cannot be used if the aim is to get the highest rating (A+ rating 
on a A+ to E ranking system, where A+ represents the best environmental 
performance/least environmental impact, and E the worst environmental 
performance/ most environmental impact). One of the 15 available examples of 
precast concrete walls receives a B rating, while the others have C, D or E rating 
(BRE Global, 2010c).  

On the other hand, all examples of Insulated Concrete Formwork3 receive an A+ 
rating (BRE Global, 2010d).  

Exactly defining differences in architectural design based on the environmental 
impacts from materials would require a closer examination of all the materials and 
constructions in the CSH Green Guide to Specification, while the EcoEffect 
materials would need to be tested in the assessment program or emission data 
would have to be assembled. In general, the use of different materials will alter the 
architectural design, since materials are of great importance for the architectural 
qualities of buildings (Nygaard, 2002). 

                                                 

 
2 Example of wall made of Loadbearing Precast Concrete: ‘Sandstone faced precast concrete sandwich 
panel, plaster skim, paint.’ (E rating). (BRE Global, 2010b) 
3 Example of wall made of Insulated Concrete Formwork: ‘Treated softwood weatherboarding on timber 
battens on ICF consisting 2 sheets expanded polystyrene grade 200e joined with 100mm light steel C 
studs at 300mm centres, infilled with in situ 65% GGBS C30 concrete with plasterboard and emulsion 
paint.’ (A+ rating). (BRE Global, 2010d)  
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Indoor Environment 

Examination of the issues for which the Grönskär project does not receive scores 
in the Indoor Environment category reveals that the improvements the tools 
demand to get the highest rating (obtain maximum scores) vary widely (see also 
Table 8 in Paper II).  

 

For an improved rating:  

LEED demands: 

Low emitting materials (adhesives, sealants, paints and coatings), 
Construction Indoor Air Quality Management plan. 

CSH demands: 

Daylight, views and sunlight, sound insulation, home user guide, life time 
home, security.  

EcoEffect demands: 

Light conditions (sun hours in kitchen, living room and balcony, window 
area, number of light fittings, low flickering light). 

Air quality (limited sources of exhaust fumes outside the building from 
traffic, separable kitchen area, covered electrical wires, easy to clean 
service facilities, service and technical instructions for users and facility 
management personnel). 

Thermal comfort (no cold bridges, use thermograph to identify cold 
bridges, low air velocity for fresh air distribution). 

Sound quality (low sound levels for refrigerator and freezer and other 
installations). 

Electromagnetic fields (sufficient distance around mains electrical cables 
and conduits, use of five-wire electricity distribution system) 

  

The tools demand different actions from the Grönskär project. The criteria 
regarding improvement of daylight in LEED and EcoEffect will affect the design 
of window setting and floor plans.   

Low emitting materials (LEED), sound insulation (CSH) and thermal comfort 
(EcoEffect) will affect the construction of the walls in different ways, but will not 
necessarily be visible. However, sound insulation will affect the acoustic 
conditions in the building. When experiencing the character of a space or 
architecture, sound is an important part of the overall impression (Sällström, 
2000). In other words, it also influences the impression of the architecture. The 
thermal comfort (EcoEffect) may influence the temperature of the walls, floors 
and ceilings, which will also influence the experience of the architectural design. 
The other changes in equipment, walls, doors, etc. demanded by EcoEffect and 
CSH will affect the design. Building users present in the building for a longer 
period will probably notice the details regarding e.g. low flickering light and 
limited exhaust fumes from traffic, or adjustments for the disabled, but these 
architectural details might not be very obvious to the layman visiting the building 
for a short period.  
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The Home User Guide for building users (CSH) and Construction Indoor Quality 
Management Plan (LEED) are the only issues that will not have a distinct impact 
on the architectural design. 

 

5.3 Paper III 
Tests of the ENSLIC basic life cycle assessment tool on an office building in 
Gävle show that this tool can be used as decision support. For example, it can be 
used to test the impact of possible building improvements in a building by giving 
rough estimates regarding the CO2-eq emissions from material production and 
energy use. 

Measurements of CO2-eq emissions from the office building in Gävle (Figure 4) 
show that material production has a significant impact on the emissions over a 50-
year life cycle, both before and after the building improvements are made. Before 
improvements, material production is responsible for 54% of total emissions 
(amounting to 5.9 kg CO2-eq/m2/year). After improvements, 74% of the CO2-eq 
emissions relate to material production (total emissions amount to 3.1 kg CO2-
eq/m2/year) (Figure 8).  

If having a shorter or longer life cycle perspective the relation between the 
material and energy use would change, since the emissions from materials 
production occurs in the beginning of the buildings life cycle (Figure 9). 

 

 

46%

54%

Building before changes

Energy 
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Materials 
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26%

74%

Building after changes

Energy 
kg CO2‐eq/yr

Materials 
kg CO2‐eq/yr

 
 
Figure 8. Relative fractions of CO2-eq emissions per year originating from operational energy 
use and material production before (left) and after (right) changes to the building over a 50 
year life cycle (Paper III). 
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Figure 9. CO2 emissions from material manufacture and operational energy use over a 
50-year life cycle (Paper III). 

 

The use of low carbon dioxide energy sources, such as Swedish electricity mix and 
Gävle district heating, influences the emissions from energy use. When the energy 
sources are electricity and energy from coal, the emissions from energy use 
increase approximately by a factor of 20 (Figure 10). 

For a low energy or passive house using the same energy sources, the emissions 
from energy use are reduced by approximately 50% compared with the original 
building, which corresponds to the situation of the building after improvements. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Figure 10. Impact of different energy sources on CO2-eq emissions related to operational 
energy use tested on the case study building (Paper III). 
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The improvements suggested by the ENSLIC tool were estimated to give a total 
reduction in emissions of 2.8 kg CO2-eq/m2/yr. The greatest effect is obtained by 
changing to CO2-free electricity and changing the slab construction from concrete 
to wood, which will influence the design of the building. The large quantity of 
concrete is responsible for more than 70% of the CO2-eq emissions from 
materials in the project. Changing the construction to wooden slabs would 
decrease the emissions by 1 kg CO2-eq/m2/year. 
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6. Discussion  

6.1 Complexity and differences 
The complexity of the tools compared within their hierarchical levels is visualised 
as a picture diagram in Figure 6. This complexity is one reason why it is so 
difficult to compare environmental assessment tools in a systematic way.  Happio 
and Viitaniemi (2008) compare a number of tools and reach the conclusion that 
‘comparison of tools is difficult, if not impossible’.   

The tools compared in this thesis are systemized differently in themselves, deal 
with different issues and use different strategies and criteria to assess and weight 
the issues. However, they tend to have a common essence, since all three of them 
assess issues in the categories Energy & Pollution, Material & Waste and Indoor 
Environment. At first glance these seem to have a great deal in common, but as 
the assessed issues within these categories, the parameters used and the criteria 
differ widely, the tools have large differences. A consequence is that the 
assessment result for a building will turn out differently for a particular category, 
as in the case study in Paper II. This can also have consequences for the 
architectural design. 

The variations between tools regarding their content, the categories assessed, the 
issues assessed, issue criteria, issue scores, aggregation and weighting of categories 
and issues (as described in Papers I and II) result in variations in assessment 
results, as in the case study in Paper II. These variations seem to depend primarily 
on the use of different issues, but perhaps to some extent also on different 
weightings. However, the final rating is rather similar for all three tools. This 
could be because differences in one area can be compensated for by differences in 
another, so that the final result is still fairly similar, or because the rating intervals 
are rather large. It could also be a coincidence that the ratings in the three tools 
are similar in this single case study. More case studies and comparisons of 
assessment results are needed in order to define the reason behind differences and 
similarities. 

This study gives an indication of what the tools consider to be a sustainable 
building. However, it is difficult to find a clear definition in the tools. The many 
differences between the tools and consequently their view of sustainable building 
show that there is an interpretive flexibility regarding the concept of a ‘sustainable’ 
or ‘green’ building. The tools tend to influence the ‘sustainable’ or ‘green’ building 
in different directions. 
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6.2  Assessing  the  physical  building  or  the  building 
process  
The finding in Paper I that the issues used in the tools can be classified as 
Procedures, Features and Performance issues raises a key consideration when 
designing environmental assessment tools. Is it the building and its spatial flows 
of energy and materials (the Performance) or the building processes (the 
Procedures) that should be assessed, or both?  

Even though it is often the environmental performance of the building that is of 
interest, Features and Procedures can be indicators of the Performance. However, 
the relationship between building features and environmental performance varies 
both with local aspects, such as climate, and with how the building is used. For 
example, low energy lighting can decrease the energy use per light fixture, but if 
there are many lights installed and the lights are used day and night, the total 
amount of energy might be larger than if one custom lighting fixture were used 
for a shorter time.  

There is a difficulty with assessing the physical building in an early design phase, 
when only the results of activities such as drawing, calculation and description can 
be assessed. Assessing the building process linked to the building, the design, 
construction and management can then be one way to assess and influence what 
the building will be like when it is built. It can also be used to assure the quality of 
the building. The physical flows cause environmental impacts, but preventive 
actions can reduce them. However, assessing the processes and procedures is not 
a guarantee of low environmental impact. Therefore it is debatable to what extent 
procedures are efficient ways to control the environmental impacts from the final 
building. Informing home owners about their possibilities to influence their 
homes, as in CSH for example, will not guarantee that they follow the 
recommendations. 

 

6.3 Environmental impacts assessed  
One of the interesting aspects discussed in Papers I and II is the consequences of 
the environmental aspects that are, and are not, included in the tools. There is a 
risk that issues which are not included in a tool will not be considered at all. One 
such issue is embedded hazardous substances in materials, which is not 
considered in LEED or CSH. However, this issue is included in EcoEffect and in 
the Swedish ‘Environmental Rating Tool for Buildings’ (Malmqvist et al., 2010a).  

The reasons behind exclusions are not clear. The difficulty in assessing and 
monitoring the substances used may be one reason. Difficulty in evaluating the 
consequences of small quantities of harmful substances may be another.   

The environmental impacts originating from energy use tend to be the most 
important environmental impact in both LEED and CSH. In EcoEffect the most 
important impact varies depending on the amount of environmental impacts  
resulting from the energy use. The focus regarding energy use is mainly on the use 
phase. Several studies have concluded that the greatest environmental impact 
occurs during the use phase (Adalberth et al., 2001; Peuportier, 2001).  
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Other research indicates that this relationship changes if either the energy during 
the use phase is decreased, as in low energy houses or houses built in climates 
where not much heating and cooling is needed, or the energy sources used have 
low environmental impact (Blengini and Di Carlo, 2010; Ortiz et al., 2010). This is 
similar to the conclusions from the case study in Paper III regarding CO2-eq 
emissions. 

The focus on lowering the energy use is therefore very natural in countries where 
the building’s energy use is high and/or the energy sources emit a large amount of 
emissions. However, when considering low energy buildings and buildings that 
use renewable, low emitting energy sources, it is logical that the assessment tools 
place greater emphasis on the energy consumption of materials and their 
emissions. In the office building in Gävle (where the emissions from energy use 
are relatively low compared with the emissions from material use), the impact of 
the materials on CO2-eq emissions is not reflected in scoring and weighting in 
CSH and LEED to the extent it should be.  

In the office building in Gävle in Paper III, 70% of the CO2-eq emissions from 
material production derive from the use of concrete. One possible improvement 
is to replace the concrete with wooden slabs. The use of wood may decrease the 
CO2-eq emissions, but there are other environmental concerns involved with the 
wood industry: land use, deforestation, biodiversity, decreased CO2 absorption, 
storm water run-off, etc. Basing an environmental assessment of a building on 
studies of only one environmental impact can therefore be questionable and a 
wider perspective is often desirable. However, the overall impact from using 
wood in buildings seems to be an improvement from a CO2-eq emissions 
perspective (Gustavsson et al., 2006).  

Buildings involve land use, irrespective of whether they are made of wood or 
concrete. It is well known that changes in land use make an important 
contribution to CO2-eq emissions, accounting for an estimated 12% of global 
CO2-eq emissions (Herzog, 2009; Houghton, 2008). However, it should be noted 
that estimates of CO2-eq from land use changes are still associated with great 
uncertainties. Nevertheless, land use is not recognised in the issues in LEED or 
CSH that are intended to decrease the CO2-eq emissions, nor is it included in the 
CO2 calculations in EcoEffect, or in the ENSLIC Tool in the study of CO2-eq 
emissions from buildings (Paper III). 

A clear systematic behind the choice of environmental impacts and issues is not 
always easy to find. The statement ‘We measure what we care about and we care 
about what we measure’ (Meadows, 1998) highlights the importance of including 
all aspects that are important and also of not including impacts that are less 
important.  
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6.4 Weighting and aggregation  
An important factor for the final result of most assessed buildings is the 
weighting, but the weighting and aggregation tend not to be highlighted in the 
tools. Aggregating a large number of issues into one final result is problematic and 
diminishes the importance of each environmental impact. There are a number of 
methods to aggregate:  multiple linear regression models, principal components 
analysis and factor analysis, cronbach alpha, neutralisation of correlation effect, 
efficiency frontier, distance to targets, experts opinion (budget allocation), public 
opinion, and analytic hierarchy process (Nardo et al., 2005; Singh et al., 2009). 
This makes the area of aggregation even more complex. According to Ding 
(2008), there is at present neither a consensus-based approach nor a satisfactory 
method to guide the assignment of weights. Finding a systematic and relevant way 
to weight and aggregate the assessment results is a major difficulty within 
assessment methods (Finnveden, 2000).  

The weighting of the issues and categories not only affects the results, but most 
probably also influences the architectural design and determines the focus in the 
project. In addition, as the weighting influences the environmental issues 
considered most important, in the long run it also affects assessed buildings and 
the built environment and, in turn, the environment. 

For example, this study shows that the Material & Waste category in LEED and 
CSH makes up less than 15% of the scores (13% in LEED v 3, 14% in CSH), 
while in EcoEffect the value varies depending on the environmental impact of the 
materials used. Even though the building and property sector uses a lot of natural 
resources, the use of material is not a main category in the environmental 
assessment tools. A low weighting of issues related to the Material & Waste 
category opens the way for more extraction of natural resources and use of any 
material, including scarce, non-renewable, non-recycled and non-reused materials.  

In the case study of the residential building Grönskär (Paper II), choice of 
materials influences the results to a varying extent in the different tools. The 
materials are more important in the EcoEffect assessment than with LEED and 
CSH, although Grönskär receives rather low scores with all three tools. In 
EcoEffect the Environmental Load Number (ELN) indicates that the 
environmental impact on natural resources is larger from material use than from 
energy use (ELN = 5.7 for materials and 0.4 for energy). However, emissions and 
radioactive waste are higher from energy use (ELN = 1.3 for materials and 2.2 for 
energy).  The weighting is different in LEED and CSH, where Energy & Pollution 
has a higher weighting than Material & Waste (Energy & Pollution 32% and 39%, 
Material & Waste 13% and 14% in LEED v.3. and CSH, respectively).  

The case study in Paper III using the ENLSIC tool highlights the importance of 
material production in relation to operational energy use. When low emitting 
energy sources are used during the occupancy phase, the CO2-eq emissions from 
material production make up about 50% of the total CO2-eq emissions during a 
50-year period. When the life cycle considered is shortened, the materials have a 
higher relative impact. The results show that the material in the building with the 
highest level of impact is concrete. This can be compared with studies by Asif et 
al. (2005), where eight construction materials used in dwellings in Scotland were 
compared. In that case, concrete represented 65% of the embodied energy and 
was responsible for an even larger proportion of the CO2-eq emissions from  



43 

 
house construction. The improvement measures suggested by the ENLSIC tool 
to decrease building emissions consequently involve changing materials to a large 
extent. Assessing the same building with LEED and CSH would not result in the 
same suggestions for improvement.  

The high weighting of energy use in relation to the other categories might be 
based on previous studies highlighting the importance of energy use (Adalberth et 
al., 2001; Blengini, 2009; Ortiz et al., 2009; Sartori and Hestnes, 2007; Scheuer et 
al., 2003). However, other studies show materials to be of great importance in 
relation to energy use, with the embodied energy in materials (both initial and 
recurrent) having a significant impact on the total energy use of a building 
(Blengini and Di Carlo, 2010; Chen et al., 2001; Citherlet and Defaux, 2007; 
Huberman and Perlmutter, 2008; Junnila, 2004; Mithraratne and Vale, 2004). 

This example shows that it is difficult to decide how different categories and 
issues should be weighted in relation to one another. The significance of one 
category or issue can vary both depending on external influences (such as 
location, climate and regional energy system) and the building’s properties. This 
thesis identifies three things that can be done to consider this in assessment tool 
design: 

• Assessment tool weighting can be adjusted for local conditions.  
 
In LEED, for example, an attempt to do this is the use of the category Regional 
Priority, in which extra scores are given for environmental issues considered particularly 
important on a local level. An example is the high importance of water saving measures 
in regions in Nevada and Arizona, where water is limited. 

 
• The tools only have Performance criteria on a level measuring the 

environmental impact (such as the ENSLIC tool and EcoEffect external 
environment), instead of using predefined assessment criteria on Feature 
and Procedure level.  
 
Because of the complexity of building projects, local differences and the uniqueness of 
most buildings, it is difficult to set Feature, Procedure and Performance criteria and 
weights based on presumptions. This thesis shows that there can be a large discrepancy 
between the weighting of issues in a criteria-based tool and the result when using an 
interactive tool with performance criteria calculating environmental impact (e.g. the 
ENSLIC Tool). The individual project is then given an assessment result that is more 
closely connected to the environmental impact. (However, even though the assessment 
result may be more precise when measuring environmental impact performance, the tool’s 
influence on the market and on architects, consultants, builders, etc. might not be 
larger.) 
 

• Assessment results are presented separately for each category. 
 
Having two, three or more results might clarify the environmental importance and the 
environmental consequences, but it also makes the result more complicated for a layman 
to understand. As long as the tools are used for classifying buildings and marketing, one 
final result may be required. However, that should not be at the expense of the 
transparency of the tools. 



44  

6.5 Influence on architectural design 
This thesis highlights a number of differences between the assessment tools and 
the kinds of consequences these can have for the design, design process and 
architectural design of a building (Section 5.2). However, it is not apparent 
whether a ‘green’ or ‘sustainable’ building has specific characteristics and can be 
distinguished from other buildings, since there are many variables.  

The different issues assessed by the tools and the different kind of parameters and 
criteria used can influence the design of a sustainable building in different ways, as 
exemplified in the case study in Paper II. Depending on the level of assessment 
result, the use of tradable points allows many combinations to meet the different 
targets. In interactive tools such as the ENSLIC tool, the different options for 
improvements are those used in the tool (e.g. increased insulation, different U-
values on the windows, use of solar heating; Appendix D). For the criteria-based 
tools where specific features and procedures are often required, it is clearer what 
the consequences will be, but many of the issues in these tools are Performance 
issues and there are multiple ways to meet the Performance criteria.  

The different issues assessed in the tools will influence the architectural design on 
different levels in the building, from load bearing structures to small, indoor visual 
components. The relationship to the surroundings, form, functional organisation, 
space proportions, materials, colours, lighting, acoustics and thermal climate are 
other architectural design aspects (Nygaard, 2002). Possible influences on the 
architectural design can be seen when analysing; what the tools assess; the 
assessment results for the case study building; and the improvement measures that 
the building project needs to implement in order to get a higher rating.   

Exactly how the tool differences will influence the architectural design and specify 
clear patterns needs to be determined in further studies of design processes and 
case studies. The influence on architectural design of the issues in the three new 
common categories Energy & Pollution, Material & Waste and Indoor 
Environment is further discussed below in terms of what the tools assess. 
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Energy & Pollution 
As noted previously, all tools indirectly favour reduced energy use in the Energy 
& Pollution category, but the emphasis differs: Energy Cost (LEED), CO2-eq 
emissions (CSH) or Environmental Impact (EcoEffect) (Paper II).   

One way to meet these targets is by decreasing the need for heating and cooling. 
A number of aspects then become important for the architectural design, as listed 
in Table 5.  

 

Table 5. Architectural design aspects which can influence a building’s energy use 
 
  

Architectural Design Aspect 
A Building orientation 
B Building geometry (Floor area, number of storeys, ceiling height, 

perimeter-to-floor area ratio (Surface to volume ratio  (external surface/ 
heated gross volume)), wall area adjacent to neighbouring heated buildings, 
window ratio and frame factor, amount of partition walls in the layout 
(length per floor area), roof slope) 

C Thermal insulation (Thermal transmittance, W/m2/K) 

D Air tightness of building envelope 

E Daylight, artificial lighting, reflection, shading, and amount of windows 
(window-to-floor area) 

F Electrical appliances in the building such as white goods etc. 

G Number of users/m2  

H Surface finishes 

I Water and space heating system 

J Ventilation rate and air heat recovery 

 

The measures in Table 5 can have varying impacts on the energy use in a building. 
For example, the orientation of a building can influence the energy demand for a 
dwelling in Italy by 10-16% according to simulations (Ascione et al., 2010). South 
orientated apartments need less energy during winter and north-facing need less 
during summer.  

In studies by Szalay (2008) modelling the energy demand for various types of 
buildings with different building geometry, one-storey single-family houses proved 
to have 23% higher energy use than two-storey single-family houses.  

Thermal insulation, air tightness and ventilation and air heat recovery are 
important aspects in passive house design. 

In office buildings, energy for lighting can be responsible for 75% of the 
building’s energy use (Augustesen et al., 2006). The location, size and use of 
windows and reflective materials can therefore be of great importance. 
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It is clear that the use of electrical appliances affects energy use. The number of 
users per m2 also determines the energy needed for heating, as one person at rest 
generates approximately 100 W. 

Surface finishes is another aspect. Numerical analyses by Akbari et al. (1992) 
showed for example that light, reflective and high emissive external surfaces 
reduce the heat island of urban contexts and peak demands for electric energy for 
summer air-conditioning. Other studies showed that the internal average 
temperature in the summer was 4-8° C higher in dark-coated buildings compared 
with white-painted buildings in India (Bansal et al., 1992).  

Another strategy to decrease energy costs and emissions from energy use is to use 
technical equipment that is energy-efficient. Using air and water heat recovery is 
one example. Heat recovery from air requires ventilation systems for both 
incoming and exhaust air, which can have a visible impact on the construction 
and the architectural design through the need for hidden or visible air ventilation 
ducts and for more space to allow ventilation ducts for incoming air and ducts for 
outgoing exhaust air. This can result in either higher storey height or lower ceiling 
height, which is rather common when refurbishing buildings. 

Yet another strategy to reduce environmental impacts from energy use is to use a 
favourable energy source. Buying green or zero carbon electricity is one example. 
This will not affect the design of the building, but might influence the electrical 
supply system in the long run and, as a logical consequence, the urban planning 
involved in energy infrastructure. Only addressing climate change and zero carbon 
energy can have the consequence that nuclear power seems favourable. On-site 
renewable energy is one issue included in LEED that will make a more distinct 
visual impression.  

Other aspects in the Energy & Pollution category of the tools that will affect the 
architectural design include the fact that CSH specifies certain features in the 
building, such as energy-certified white goods and drying lines. EcoEffect 
involves space efficiency in the energy assessment. For housing this means 
lowering the number of square metres per resident, which affects the size and 
organisation of the rooms in the building. In LEED, the development footprint, 
and in CSH the building density on the site, (measured as total floor area in 
relation to footprint area (Ground Floor Area)), are assessed within other 
categories.  

As noted above (Section 5.2), not only are the issues assessed important for the 
architectural design, but the higher the target, the greater the improvements 
needed regarding all building aspects: building fabric, construction, technology, 
heating, ventilation, white goods, space efficient design, etc. The highest score for 
energy in the tools is set on rather different levels, 46% improvement (LEED), 
zero carbon (CSH), or zero environmental impact (EcoEffect).  
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Material & Waste 
In the Material & Waste category, there are issues regarding the handling of waste 
and the materials used. 

Criteria for Waste  

The issues regarding waste are storage of household waste (LEED and CSH) and 
minimising construction waste (CSH and EcoEffect). The first issue will influence 
the architectural design in a very clear manner. A place for storing household 
waste needs to be designed. The size and shape of this place will vary depending 
on the number of waste fractions, the size of waste bins, the amount of waste 
produced, how waste bins are handled and how often the waste bins are emptied. 
In Sweden, the storage location and also paths to and from the waste bin need to 
be adjusted to match the waste truck used for collecting the waste. For example in 
Sandviken and Gävle municipality, roads need to be designed for the truck and a 
turning space with a minimum turning circle with a radius of 9 metres must be 
provided. This issue therefore influences not only the building but also the 
surroundings and transportation roads to the building. 

The consequences of minimising construction waste may not be as clearly visible. 
Moving much of the construction off-site by using prefabricated modules and 
component can be one consequence. This may make reuse and recycling of 
materials easier and better, but it may also just move the waste sorting off the 
construction site without minimising it. Using materials which can be custom-
made to exactly match the building is another. Designing buildings to match 
already defined products and module sizes can be another consequence. Poor 
craftsmanship on the building site could lead to more construction waste. Good 
craftsmanship, on the other hand, could lead to efficient use of the materials and 
make it easier to use reused materials.  

Criteria for Material 

The materials used should meet a number of other criteria according to the tools 
and have the characteristics presented in Table 6. As the materials used in a 
building comprise an important part of the building’s architectural quality 
(Nygaard, 2002), any changes will most likely influence the architectural design.  

Changing construction and surface materials in order to meet the requirements 
regarding reused, recycled, rapidly renewable and low environmental impact 
materials (LEED) (Table 6) can have a large impact on the visual impression of 
the building, but may also affect the construction, technical solutions and the 
building volume and design. For example, switching to a renewable material, e.g. 
wood, in the Grönskär project would call for different technical solutions for load 
bearing construction, slab height and facades, etc.   
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Table 6. List of available criteria in the three tools (LEED, CSH and EcoEffect) with which the 
materials in the building are expected to comply  
 

ISSUE LEED CSH EcoEffect 

Reused ● ○ ○ 

Recycled ● ○ ○ 

Rapidly renewable ● ○ ○ 

Low environmental impact ○ ● ● 

Regional (manufactured close to 
the construction site) 

● ~ ○ 

Responsibly sourced ~ ● ~ 

Certified wood ● ● ~ 

 

● Measured specifically 

○ Measured indirectly 

~  Not included 

 

Regional materials may also limit choice of materials and influence the 
architectural design. It is common for domestic architecture in an area to be built 
using similar materials, which are regional. However, the current market for 
building materials is more globalised. 

The issues regarding responsibly sourced materials (CSH) and certified wood 
(CSH and LEED) are not limited to certain kind of materials, but it is not certain 
that all materials are available as responsibly sourced. The documentation required 
to meet the criteria may decrease the number of materials used or make builders 
build with a certain building material system in order to simplify documentation. 
These criteria might therefore influence the design towards fewer kinds of 
materials, and/or decrease the willingness to change building material in building 
projects. Here the concept building ModernaHus (Paper II) has some advantages 
as its documentation is the same for several buildings. This could be beneficial 
from an assessment point of view and save both time and money when assessing 
buildings. 

Having criteria in the tools regarding the materials does not mean that all the 
materials used in the building need to meet the criteria. The significance of an 
issue can therefore vary depending on the criteria level. 
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Indoor Environment 
Issues in the Indoor Environment category that may influence building design are 
presented in Table 7. 
 

Table 7. Issues listed in the Indoor Environment category in the tools LEED, CSH and 
EcoEffect  
 

ISSUE LEED CSH EcoEffect 

Daylight ● ● ● 

Air quality ● ~ ● 

Noise ~ ● ● 

Thermal climate ~ ~ ● 

Low emitting materials ● ○ ○ 

Electromagnetic fields ~ ~ ● 

Private space ~ ● ~ 

Lifetime homes (adjustability 
for disabled) 

~ ● ~ 

 

● Measured specifically   

○ Measured indirectly    

~  Not included 

 

In order to obtain higher scores regarding daylight with CSH and EcoEffect, 
changes to floor plans or window settings are needed. The windows and window 
setting not only influence the architectural design of the facades, but also the 
relationship between the building and its surroundings, which is important for the 
architectural quality of the building (Nygaard, 2002).  

The measures regarding air quality, sound insulation and controllability of systems 
call for technical and constructional solutions, and can influence the project’s 
appearance in many different ways depending on choice of solution. 

Having low emitting materials in the building, which only LEED demands, 
favours non-organic materials and would therefore favour the use of steel, 
concrete, stone and gypsum, even though they give rise to emissions when 
produced. Organic materials such as wood and plastic can sometimes also comply 
with the criteria.  

The last three issues (Electromagnetic fields (EcoEffect), Private space and 
Lifetime homes (CSH)) will influence the architectural design. Allowing for 
private space on a balcony or common terrace, making the building adjustable for 
the disabled in Lifetime homes and not placing electric main cables close to areas 
where people are staying will affect the design of the buildings floor plans.  
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6.4 Further research  
The research performed in this thesis opens the way for further studies in the 
same and related research fields. It gives us a deeper understanding of assessment 
tools, their differences, how they can be used to assess building projects and how 
they can influence the architectural design of these projects, as they require 
different actions and measures in order to receive a high rating. 

The use of assessment tools is one way to link theory to practice. Studies are 
needed on the obstacles to using environmental assessment tools in all projects 
and also if and how the use of the tools will influence the design process. Are the 
obstacles mostly linked to costs, or are they based on lack of knowledge and 
expertise regarding sustainable building and/or assessment tools? Are the tools 
adapted to the design and building process and user-friendly, or do the business 
and design process need to change to fit the environmental assessment tools, or 
vice versa? Would criteria based or interactive tools be preferable? Further 
research in design science is needed to connect the tools to the design process and 
to answer these questions.  

Studies on environmental assessment tools can perhaps be the link between the 
theory of environmental science and architectural design. It has been pointed out 
that ‘a clear need exists for integrating knowledge across disciplinary boundaries 
and for crossing the chasm between university-based research and the users of 
research in practice’ (Duffy, 2008). 

It should also be considered that environmental issues are not the only criteria 
and aspects included in the design process. The complexity of construction 
projects is rapidly increasing because of growing demands for various 
requirements, such as speed in construction, cost and quality control, health and 
safety, and so on (Gidado, 1996). The environmental issues need to be integrated 
with all these functional and aesthetic issues, since if they are not, there is a risk 
that buildings which are good from an environmental point of view will perform 
badly in other respects. That could give environmental buildings a bad reputation.  

Requirements on building projects are also set by interested parties financing the 
sector. Paul Finch, the Chairman of the RIBA Research Symposium in 2007, 
speculated that the recent history of architecture is as much the history of 
construction procurement and its financing. However, this is a largely untouched 
research area (Short, 2008). If this is true, then research on environmental 
assessment tools also needs to include these aspects (i.e. financing and 
procurement). 

Since environmental assessment tools promote different types of actions, it is 
relevant to question whether they lead to a substantial decrease in the 
environmental impact of buildings and towards more sustainable architecture. 
How sustainable is a rated building? It is important in this regard to link the 
assessment results more closely to the environmental impact and to present cause-
effect relationships. The environmental relevance of the tools needs to be 
investigated and documented. Other research has shown that there is a large 
discrepancy between the assessment tools’ weighting of issues and the estimated 
environmental impact weighting of these issues. According to Humbert et al. 
(2007), there is a great difference between the LEED version 2.2 weighting of the 
issues and the estimated environmental impact from a life cycle perspective.  
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According to the performed LCA, the impact from the issues regarding operation, 
employee commuting and electricity consumption dominate the impacts 
associated with the building. As another example, the basic LCA in Paper III 
highlights the importance of material production in relation to energy use, which 
is not reflected in LEED and CSH.  

Even when performing a regular LCA the difficulty with weighting is still present. 
It is therefore important to continue working on how different categories and 
assessment issues should be weighted in relation to each other.  

Architectural design is about organisation of space, but this issue is not given 
much attention in the tools analysed in this thesis. In the ENSLIC tool (Paper 
III), CO2-eq emissions are measured per square metre, as are energy issues in 
LEED and CSH. Only in EcoEffect can the environmental impacts be shown per 
user and thus include the building’s space efficiency. When comparing the energy 
performance of compact (small) and large single-family houses, Wilson and 
Boeland (2005) found that a small house built to only moderate energy 
performance standards used substantially less energy for heating and cooling than 
a large house built to very high energy performance standards. If the assessment 
results were to be linked more closely to the environmental impact, space 
efficiency would perhaps be a very important element to consider. 

Furthermore, assessment tools and basic LCA tools such as the ENSLC tool can 
be used to set benchmarks regarding CO2-eq emissions. A larger number of case 
studies would be needed to determine more exactly the classification of different 
buildings regarding CO2-eq emissions. Absolute environmental data such as CO2-
eq emissions would make it possible to compare buildings with other products, 
processes and sectors. 

Studying and discussing the content of the tools gives a better understanding of 
what the tool designers care about. Discussing the reasons behind the differences 
also gives a deeper understanding of the tools and factors that can be valuable for 
the future development of environmental assessment tools. Investigating the 
background of the tools to find out why certain issues are assessed in one system 
and not in another could give a deeper understanding of assessment tools and tool 
design processes. The tool designers perhaps considered different issues to be 
more or less environmentally significant, or there might be other reasons for 
including or excluding a certain issue, for example intelligibility, the possibility for 
clients to influence (Malmqvist, 2008b), the cost of the assessment, measurability, 
practical assessment difficulties, cultural differences, regional/climate, market 
influence, time, politics, different actors involved, targeting different types of 
buildings, etc. Differences between the tools can also be the result of 
development in different contexts, for different contexts and for different 
purposes. All four tools analysed in this thesis were developed in Western 
developed countries with a similar building tradition. How has that influenced the 
tools?  

Recent studies have pointed out the importance of buildings users’ behaviour in 
relation to the building’s actual performance (Gill et al., 2010; Stevenson and 
Leaman, 2010). The same kind of building can perform very differently depending 
on the user. In the tools investigated in this thesis there is a strong focus on the 
technical side of buildings. A subject for further studies could be how buildings 
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themselves should be designed to educate users and also inspire future designers, 
architects, engineers, contractors, investors, etc. to live their lives in a more  

environmental way and to design more sustainable buildings in the future. Today 
environmental assessment tools function as an educational instrument to teach 
about sustainable building and will hopefully contribute to both more 
environmentally benign buildings and user behaviour. Perhaps the buildings 
constructed using such tools can do the same in the future. 
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7. Conclusions  

Tools are different 
The three tools studied (LEED, CSH and EcoEffect) are different both regarding 
hierarchical structure and hierarchical level, from categories to issues and 
parameters. This is easy to see in the hierarchical picture diagram (Figure 6). As a 
consequence the tools give different definitions of ‘sustainable’ and ‘green’ 
building. They may also push the design of ‘sustainable building’ in different 
directions, as they assess different environmental issues and highlight different 
issues and measures for ‘sustainable’ building designs. Even in the categories they 
have in common (Energy & Pollution, Material & Waste, Indoor Environment) 
the main focus varies, which becomes clear when testing the tools on a case study 
building. These things may have a great influence on the future development of 
the built environment, especially assessed or certified buildings. This will 
ultimately affect ecosystems (Mofatt and Kohler, 2008), people and society.  

The tools also use three different types of issues: Procedure, Features and 
Performance issues. The assessment tools assess both the physical building and 
the design and building process, since they not only deal with the building but also 
with the design and building process.  

 

Differences  influence assessment results and architectural 
design 
The same architectural project (a residential building) receives different ratings 
when assessed with the three tools LEED, CSH and EcoEffect. The main 
differences are apparent on comparing the results in reorganised new categories 
and also when studying the specific issues in the categories. 

When studying the improvement measures the project needs to introduce to 
obtain better results, almost all issues vary. Most relate to the architectural design 
of the building and would therefore influence the architectural design. For 
example, in the Material & Waste category the criteria varies: LEED demands 
materials that meet specific criteria (reused, recycled, regional and rapidly 
renewable materials, certified wood); CSH demands responsibly sourced and 
lower environmental impact materials based on specifications in the Green Guide 
to Specification; and EcoEffect demands lower environmental impact of materials 
based on the tools material emissions data.    

Studying only CO2-eq emissions from material production and energy use from a 
life cycle perspective gives different proposals for improvement measures (Paper 
III). Changing from concrete slabs to wood is the single most effective building 
improvement, reducing emissions in a 50-year life cycle perspective by 17%, and 
in a 10-year life cycle perspective by 85%.   
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The tools set the environmental targets that future environmental building should 
strive to achieve. Variations exist regarding assessment of the object, the content 
and structure of the tool and the environmental impacts that are considered. As 
the case studies in Papers II and III show, the tools may steer the architectural 
design in different directions.  

Energy sources and materials matter 
Testing the ENSLIC tool on only CO2-eq emissions exemplifies the complexity of 
the environmental issues and the large environmental impact a small number of 
changes in the building or in the integrated energy systems can have on a project.  

An interactive, basic LCA tool can be used as decision support in the early design 
phases. For the office building in Gävle the main building improvements favoured 
according to the ENSLIC tool in terms of CO2-eq emissions from production of 
materials and energy use are energy saving issues such as insulation of the building 
shell and lowering window U-value, but also issues influencing the choice of 
energy source (e.g. switching to CO2-free electricity). Changing the construction 
materials from concrete to wooden slabs also has a large influence.  

Not only energy use is important for CO2-eq emissions. The results show that the 
emissions from material production (2.3-3.2 kg CO2-eq/m2/year) comprise 54-
74% of the total emissions from energy and material use for the office building 
studied, depending on the measures introduced. However, switching energy 
source for heating and electricity to coal can increase CO2-eq emissions from 
energy use 20-fold, making energy use the main source of CO2-eq emissions.  

This shows that the impact of energy use as well as choice of energy sources and 
building material have a significant impact on CO2-eq emissions. Therefore it is 
difficult to define criteria for environmental buildings on a feature or procedure 
level to favour the right actions to decrease the CO2-eq emissions. Using a tool 
based on performance indicators measuring the environmental impact, such as 
e.g. the ENSLIC tool measuring CO2-eq, is one way to tackle this difficulty with 
the complexity and large number of variables common in building projects. Such 
a tool is not a rating tool but can be used as a ‘guidance type instrument’ 
(Reijnders and van Roekel, 1999). It can also be used to help to define criteria in 
the criteria-based tools on a relevant level. However, the difficulty with weighting 
and aggregating several environmental impacts still remains. 

The varying results in Papers I-III remind us that knowledge about the 
environmental consequences of building projects is a basic prerequisite for 
building more sustainable or green buildings in the future. In order to determine 
the environmental consequences of buildings, it is important to find relevant 
assessment categories and issues and a systematic way to assess, weight and 
aggregate these.  

Working with environmental assessment methods and the concept of ‘green 
building’ will hopefully contribute to the development of future transparent, 
reliable, systematic and valid building environmental assessment methods, which 
is one way to promote and influence future buildings to be more ‘green’ and 
‘sustainable’.  
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9. Appendix 
 

Appendix A 
Summary of Environmental Categories and Issues in EcoEffect according to EcoEffect’s own 
organisation 

 
 
 

Category Issue (Environmental impact/s) 

 
External 
Environmental 
Impacts 

- Acidification 
- Nitrification  
- Greenhouse impact 
- Radioactivity   
- Ozone depletion  
- Ozone 
- Toxic substances  
- Deposited waste  
- Depletion of natural resources (stock, funds and flows) 

 
Internal 
Environmental 
Impacts  
(outdoor and 
indoor)  

 
- Ill-health, health problems (air and ground pollutants) 
- Discomfort (noise, shade, wind, smell) 
- Joint disorder  
- Sleeping disorder  
- SBS (Sick Building Syndrome) 
- Allergy 
- Air quality 
- Thermal climate  
- Sound environment  
- Light condition, daylight and luminance  
- Electric and magnetic environment  
- Biodiversity  
- Biological reproduction capacity  
- Material circulation  
- Recipient pollution and disordered water stream 
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Appendix B 
Summary of Environmental Categories and Issues in LEED-NC v3  according to LEED’s own 
organisation 
 

P Prerequisite  SS Sustainable Site 
WE Water Efficiency EA Energy and Atmosphere 
MR Materials & Resources EQ Indoor Environmental Quality 
DE Innovation & Design Process 
 

Category  Issue/s  
 
Sustainable Site 

SS P1. Construction Activity Pollution Prevention  
SS 1. Site Selection  
SS 2. Development Density and Community Connectivity  
SS 3. Brownfield Redevelopment  
SS 4.1 Alternative Transport, Public Transportation Access  
SS 4.2 Alternative Transportation, Bicycle Storage and Changing Rooms 
SS 4.3 Alternative Transportation, Low-Emitting and Fuel-Efficient Vehicles  
SS 4.4 Alternative Transportation, Parking Capacity  
SS 5.1 Site Development, Protect or Restore Habitat  
SS 5.2  Site Development, Maximize Open Space  
SS 6.1 Stormwater Design, Quality Control  
Site drawings 
SS 6.2 Stormwater Design,  Quality Control 
SS 7.1  Heat Island Effect, Nonroof 
SS 7.2  Heat Island Effect, Roof  
SS 8. Light Pollution Reduction  

 
Water Efficiency 

WE P1. Water Use Reduction    
WE 1. Water Efficient Landscaping, Reduce by 50%, No Potable Water Use 
WE 2. Innovative Wastewater Technologies  
WE 3. Water Use Reduction, 20-40% Reduction 

 
Energy and 
Atmosphere 

EA.P1. Fundamental Commissioning of Building Energy Systems  
EA P2. Minimal Energy Performance 
EA P3. Fundamental Refrigerant Management 
EA 1.1. Optimize Energy Performance, Improve by 8-48%  for New Buildings 
EA 2.1 On-Site Renewable Energy, 1-13% Renewable Energy  
EA 3. Enhanced Commissioning  
EA 4 Enhanced Refrigerant Management  
EA 5. Measurement and Verification  
EA 6. Green Power  

 
Materials & 
Resources 

MR 1 Storage and Collection of Recyclables  
MR 1.1. Building Reuse, Maintain 55-95% of Existing Walls, Floors and Roof  
MR 1.2. Building Reuse, Maintain Interior Nonstructural Elements 

MR 2. Construction Waste Management, Salvage or Recycle 50-75%  

MR 3. Material Reuse, Reuse 5-10%  
MR 4. Recycled Content, 10-20% of Content 
MR 5. Regional Materials, 10-20% of Manufactured Locally  
MR 6 Rapidly Renewable Materials  
MR 7 Certified Wood  

 
Indoor 
Environmental 
Quality 
 

EQ P1. Minimum Indoor Air Quality Performance  
EQ P2. Environmental Tobacco Smoke (ETS Control  
EQ 1. Outdoor Air Delivery Monitoring 
EQ 2. Increased Ventilation 
EQ 3.1 Construction IAQ Management Plan, During Construction 
EQ 3.2 Construction IAQ Management Plan, Before Occupancy 
EQ 4.1 Low–Emitting Materials, Adhesives and Sealants 
EQ 4.2 Low-Emitting materials, Paints and Coatings 
EQ 4.3 Low-Emitting materials, Flooring Systems 
EQ 4.4 Low-Emitting materials, Composite Wood and Agrifiber Products 
EQ 5 Indoor Chemical and Pollutant Source Control 
EQ 6.1 Controllability of Systems, Lighting 
EQ 6.2 Controllability of Systems, Thermal Comfort 
EQ 7.1 Thermal Comfort, Design (Compliance with ASHRAE 55-1992) 
EQ 7.2 Thermal Comfort, Verification 
EQ 8.1 Daylight and Views, Daylight 
EQ 8.2 Daylight and Views, Views 

 

Innovation & 
Design Process 

DE 1.1 -1.4 Innovation in Design  
DE 2. LEED™ Accredited Professional  

Regional Priority RP 1.Regionally Defined Credit  
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Appendix C.  
 
Summary of Environmental Categories and Issues in Code for Sustainable Homes according to 
Code for Sustainable Homes’ own organisation 
 

Categories  Issues 

Energy and CO2 
Emissions 

Dwelling emission rate (M) 
Building fabric 
Internal lighting 
Drying space 
Energy labelled white goods 
External lighting 
Low or zero carbon (LZC) technologies 
Cycle storage 
Home office 

Water 
Indoor water use (M) 
External water use 

Materials 
Environmental impact of materials (M) 
Responsible sourcing of materials – basic building elements 
Responsible sourcing of materials – finishing elements 

Surface Water 
Run-off 

Management of surface water runoff from developments (M) 
Flood risk 

Waste 
Storage of non-recyclable waste and recyclable household 
waste (M) 
Construction waste management (M) 
Composting 

Pollution 
Global warming potential (GWP) of insulants 
NOX emissions 

Health and Well-
being 

Daylighting 
Sound insulation 
Private space 
Lifetime homes (M) 

Management 
Home user guide 
Considerate constructors scheme 
Construction site impacts 
Security 

Ecology 
Ecological value of site 
Ecological enhancement 
Protection of ecological features 
Change in ecological value of site 
Building footprint 

(M) denotes issues with mandatory elements. 
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Appendix D.  
 
Summary of test results and available building changes in the ENSLIC tool’s Excel data sheet, 
presented in a rearranged table 
 

Test Result  

BOUGHT ENERGY Total (kWh/m2,yr)  

 Electricity (kWh/m2,yr) 

SPECIFIC CO2 Energy (kg CO2-eq/m2,yr) 

 Materials (kg CO2-eq/m2,yr) 

 Total (kg CO2-eq/m2,yr) 

TOTAL CO2 Energy (kg CO2-eq/yr) 

 Materials (kg CO2-eq/yr) 

 Total (kg CO2-eq/yr) 

Available Building Changes  

BUILDING FORM Average floor height,(m)  

 Perimeter ratio, % 

BUILDING ENVELOPE Basement (U, W/m2,k) 

 Roof (U, W/m2,k) 

 External walls (U, W/m2,k) 

 Windows, U-values (U, W/m2,k) 

 Ext. Doors, U-value (U, W/m2,k) 

 Window area/ Facade area, % 

 Ext. door area /Facade area,% 

ENERGY SAVING EQUIPMENT External heat pump (air, soil, water) 

 Ventilation heat recovery 

 Waste water heat exchanger 

 Low energy light and whiteware 

 Buildings automatisation 

ENERGY SUPPLY Solar collector, m2 

 PV-cell, m2 

 Urban windmill, Ø m 

 Heating 

 Electricity, Building 

 Electricity, User 

TIME Building life time 
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ABSTRACT 
Tools for making environmental assessments have been developed in order to measure 
how ‘green’ or ‘sustainable’ a building is. Knowledge of the differences between 
assessment tools and their definition of ‘green’ or ‘sustainable’ building is of great 
interest to many stakeholders. This article explores differences in environmental 
assessment tools in terms of structure, content, methodology, system boundaries, 
definition of the study object and environmental impacts assessed. By comparing three 
distinctly different assessment tools, LEED-NC v3, Code for Sustainable Homes (CSH) 
and EcoEffect, specific characteristics were identified and possible consequences of the 
different approaches evaluated. 

The analysis showed that the methods vary in many ways, but that all three tools treat 
issues related to the same three main assessment categories: Energy & Pollution, Indoor 
Environment and Materials & Waste. However, the environmental issues addressed and 
the parameters defining the object of study differ. Illustrations of the hierarchical 
structure of the tools gave a clear overview of their structural differences. Closer 
comparisons showed that rating, results, categories, issues, parameters, input data, 
aggregation methodology and weighting also varied. This means that their 
interpretations of ‘sustainable’ building are different and that the tools probably push 
design in different directions.  
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Abstract 
Environmental assessment tools for buildings are emerging rapidly in many countries. Do 
different assessment tools influence the design process and also guide ‘green’ building projects 
in different directions? Three assessment tools, Leadership in Energy and Environmental Design 
for New Construction (LEED-NC), Code for Sustainable Homes (CSH) and EcoEffect, were 
tested in a case study project in Sweden: a new multi-storey residential building called Grönskär. 
The content and results of the three assessment tools were compared in general, while issues in 
the three core common categories of Energy, Indoor Environment and Materials & Waste were 
compared in more detail.   

The assessment results for the Grönskär building varied with the three tools and the design 
strategies and tactics to improve the overall rating of the building project differed for each tool. 
This confirms that the tools can influence sustainable building in different directions. It also 
lends supports to the view that there is currently little consensus on the interpretation of ‘green’ 
or ‘sustainable’ in terms of issues and criteria in these three assessment tools. The divergent 
results highlight the need for an appropriate structure of assessment tools that are both 
environmentally relevant and practically useful. 
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Abstract 
This study examined whether simplified life cycle-based calculations of climate change 
contributions can provide better decision support for building design. Contributions to 
climate change from a newly built office building in Gävle, Sweden, were studied from a 
life cycle perspective as a basis for improvements. A basic climate and energy calculation 
tool for buildings developed in the European project ENSLIC was used. The study also 
examined the relative impacts from building material production and building operation, as 
well as the relative importance of the impact contributions from different life cycle stages 
of a building depending on different conditions.  
 
The ENSLIC tool allowed the resulting contributions to climate change and operational 
energy use of a number of optional improvement measures to be determined. Twelve 
measures judged to be relevant and realistic for the study building were tested. The most 
important measures for the building in question proved to be changing to CO2-free 
electricity, changing construction slabs from concrete to wood, using windows with better 
U-values, insulating the building better and installing low-energy lighting and white goods. 
Introduction of these measures was estimated to reduce the total contribution to climate 
change by nearly 50% compared with the original building and the operational energy use 
by nearly 20% (from 100 to 81 kWh/m2,yr).   
 
The case study exemplifies the importance of choice of materials in reducing the climate 
change contribution of a building, especially in conditions where the energy used during 
occupancy is obtained from sources with low CO2 emissions. 
 
 
 
Keywords:  
Building Design, improvements, CO2(Carbondioxide), Life Cycle Tool, energy, materials 




