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ABSTRACT 

The built environment contributes extensively to the overall environmental 
impact of society. An increasing number of tools have been developed world-
wide for comprehensive environmental assessment and rating of buildings in 
order to make the building sector more sustainable. These tools are expected to 
drive and facilitate future environmental improvements and market 
transformation in the sector. This thesis explores different methodological 
aspects regarding tool design using experiences from two large Swedish 
projects, the EcoEffect and ByggaBo tools, which were developed with a high 
level of stakeholder participation in order to be of practical use in the building 
sector.  
 
The methodological aspects explored and discussed here include an approach for 
systematic selection of assessment aspects (energy, indoor air quality, etc.) in 
tools (Paper 3) and a systematic procedure for selecting practical indicators 
using theoretical (e.g. validity) and practical (e.g. costs) criteria (Papers 2 and 
3). An approach for simple communication of complex results is presented with 
examples from 26 multi-family buildings (Paper 4). This approach allows a 
building’s ‘environmental efficiency’ to be presented in one diagram, without 
weighting the two distinct assessment areas energy use and indoor 
environmental quality. Paper 5 discusses the contextual issue of internal use of 
environmental indicators in property management through reviews of 
environmental performance evaluation and organisation theory literature and 
comparisons with actual case studies. The EcoEffect (Paper 1) and the ByggaBo 
tools are also summarised and compared.  
 
The case studies of real buildings and experiences from the EcoEffect and 
ByggaBo projects allowed data collection, calculation procedures and different 
practical applications of such tools to be evaluated. Poor data availability 
sometimes limits assessments, and improved internal routines and database 
developments in the building sector would allow more reliable environmental 
assessments. 
 
Reviews of numerous indicators in Paper 3 (and 2) and literature revealed that 
environmental relevance was not a key aspect when current environmental 
performance indicators and building rating tools were constructed. This thesis 
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suggests that environmental relevance and systematic procedures be prioritised 
in order to provide robust and trustworthy tools for environmental assessment of 
buildings.  Recommendations, some of which are generally applicable to other 
environmental assessments, include selection of environmentally relevant 
indicators, systematic procedures for handling theoretical and practical 
considerations in tool development, aggregation and weighting methods, use of 
a life cycle perspective and inclusion of performance-based rather than feature-
based indicators. Since it is likely that the information these tools provide will 
increasingly be used by authorities, consumers, economic incentive providers 
such as banks, etc., the methodological developments suggested here to 
strengthen tool rigour are important for future tool development processes. 
 
Key words: environmental assessment, buildings, tool, environmental 
performance, property management 
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SAMMANFATTNING 

Utvecklingen av verktyg för miljöbedömning av byggnader är ett område som 
expanderat kraftigt sedan 1990-talets början. Den ökande medvetenheten om 
den byggda miljöns omfattande bidrag till samhällets miljöpåverkan i stort har 
spelat stor roll för denna utveckling. Verktygen förväntas ha en betydelsefull roll 
i att driva på och underlätta miljöförbättringar och omdaning av marknaden i 
bygg- och fastighetssektorn. Denna avhandling utforskar olika metodaspekter 
för verktygsutveckling och bygger på erfarenheterna från två stora svenska 
metodutvecklingsprojekt för miljöbedömning av byggnader, EcoEffect och 
ByggaBo:s miljöklassning av byggnader. Båda dessa verktyg togs fram i 
samarbete med ett stort antal representanter från bygg- och fastighetssektorn, då 
verktygen syftade till praktisk användning. 
 
Ett antal metodaspekter utforskas och diskuteras i avhandlingen. I artikel 3 
föreslås och testas ett angreppssätt för systematiskt urval av miljöaspekter som 
ska bedömas av ett verktyg och dessutom föreslås här och i artikel 2 ett 
systematiskt tillvägagångssätt för att välja indikatorer för praktiskt användning 
utifrån både teoretiska (t ex. validitet) och praktiska (t ex. kostnad) kriterier. Ett 
angreppssätt för att underlätta kommunikation av komplexa 
miljöbedömningsresultat presenteras genom exempel från 26 flerfamiljshus i 
artikel 4. Detta angreppssätt möjliggör att redovisa en byggnads 
‘miljöeffektivitet’ i ett diagram utan att behöva vikta de två disparata 
miljöaspekterna energianvändning och innemiljö. Artikel 5 tar upp användning 
av miljöindikatorer för internt arbete i fastighetsförvaltande organisationer 
genom litteraturöversikter inom områdena utvärdering av miljöprestanda och 
organisationsteori samt genom jämförelser med praktiska fallstudier. Verktygen 
EcoEffect (artikel 1) och nuvarande version av ByggaBo:s 
miljöklassningssystem sammanfattas också och jämförs i avhandlingen. 
 
Genom ett antal fallstudier av verkliga byggnader och erfarenheterna från 
EcoEffect- och ByggaBo-projekten utvärderas frågor som insamling av indata, 
beräkningsmetoder och olika praktiska tillämpningar i avhandlingen. Dålig 
tillgång på indata begränsar ibland möjligheterna att göra miljöbedömningar. 
Förbättrade interna rutiner samt utveckling av nya typer av databaser inom 
bygg- och fastighetssektorn kommer med största sannolikhet att underlätta 
miljöbedömningar i framtiden. 
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Granskning av ett stort antal miljöindikatorer i artikel 3 (och 2) och litteratur på 
området visade att när miljöindikatorer och miljöklassningsmetoder tagits fram, 
har miljörelevansen hos dessa sällan haft högsta prioritet. Ett övergripande mål 
för denna avhandling har därför varit att bidra med rekommendationer som kan 
stärka miljörelevansen och trovärdigheten hos liknande indikatorer och verktyg. 
Några av de angreppssätt som föreslås är tillämpliga mer generellt också för 
andra typer av miljöbedömningar; t ex. hur miljörelevanta miljöindikatorer kan 
väljas, hur både teoretiska och praktiska överväganden kan hanteras på ett 
systematiskt sätt vid liknande verktygsutveckling, angreppssätt för viktning och 
aggregering av resultat samt användning av ett livscykelperspektiv. Vid 
miljöbedömning av byggnader bör också funktionsbaserade indikatorer i första 
hand väljas snarare än sådana som baseras på specifika tekniska utföranden. En 
trolig utveckling är att nya typer av användare i större utsträckning kommer att 
efterfråga den information som miljöbedömningsverktyg för byggnader kan 
tillhandahålla. Det kan handla om t ex. myndigheter, husköpare och ekonomiska 
incitamentsgivare såsom banker. Av denna anledning är de frågor som rör 
metodutveckling och tas upp i avhandlingen, klart betydelsefulla för att stärka 
noggrannhet, robusthet och trovärdighet i framtida utveckling av 
miljöbedömningsverktyg för byggnader.  
 



 7 

 TACK 

Jag har under min tid som doktorand haft den stora förmånen att arbeta under 
fördelaktiga förhållanden, jag har haft chefer som hela tiden stöttat mig och 
hjälpt mig vidare. Stort tack till er; Göran Finnveden och Dick-Urban Vestbro 
och ett särskilt tack till Göran som mycket konstruktivt bidragit som biträdande 
handledare i slutfasen av mina doktorandstudier. Ni har också förstås varit 
betydelsefulla personer för att skapa trevliga arbetsförhållanden. Jag har både på 
Bebyggelseanalys och Miljöstrategisk analys (fms) alltid kunna njuta av roliga 
fika- och lunchraster med intressanta samtalsämnen och roliga diskussioner. 
Stort tack, alla ni kära kollegor som bidragit till och bidrar med att skapa en 
sådan trivsel på arbetsplatsen! Några av er har jag dessutom haft nöjet att dela 
rum/grannrum och därmed inspirerande samtal med (Sanna, Pia och Sara) och 
arbeta i gemensamma projekt som (Åsa S). Tack också Åsa för kloka 
synpunkter på mitt manus. Ett särskilt tack vill jag också rikta till Örjan som har 
funnits som ett särskilt stöd under hela min doktorandtid och dessutom bidragit 
med värdefull genomläsning av mitt slutmanus. 
 
Mauritz Glaumann har hela tiden fungerat som min handledare. Du Mauritz har 
hela tiden uttryckt att du haft förtroende för mig och låtit mig jobba 
självständigt. Du hyser en envis vilja att förbättra miljöfrågornas hantering av 
branschen och haft det som viktigaste drivkraft. Det har gjort att jag i de 
tvivlande stunderna som doktorand ändå alltid kunnat komma tillbaka till att vi 
verkligen försöker bidra med något viktigt. Du är dessutom en osedvanligt 
trevlig, sympatisk och lättsam person att ha att göra med. Stort tack, Mauritz för 
ditt tålamod och alla våra arbetsdagar tillsammans. Det är nog få förunnat att 
kunna ha en sådan fin relation till sin handledare som jag har haft. 
 
EcoEffect-gruppen har också varit betydelsefull för mig under de här åren. Tack 
Marie, Beatrice, Getachew, Ulla, Therese och Mauritz för många intensiva 
diskussioner, gemensamma vedermödor toppat med trevliga middagar. Jag vill 
också tacka alla er entusiastiska praktiker som jobbar inifrån med att försöka 
göra bygg- och fastighetsbranschen bättre och bättre ur miljösynpunkt. Det är 
alltid lika roligt att möta er i de projekt jag arbetar i. 
 
En särskild tanke av tacksamhet går till mina farföräldrar Irma och Arendt som 
är de som fick mig som barn att bli intresserad av att alltid söka mer och mer 



 8 

kunskap. Och likaså till mina kära föräldrar Inga och Göran som alltid stöttat 
mig helhjärtat och inte minst hjälpt till praktiskt med denna avhandling genom 
att hela tiden rycka in som superengagerade barnvakter till Estrid. Stort tack till 
er och till min syster Sara för layout-hjälp. Slutligen, tack min älskade familj 
Erik och Estrid för att ni finns att komma hem till efter varje arbetsdag och för 
att ni är en aldrig sinande källa till glädje för mig!  
 
Hammarbyhöjden 18 november 2008 



 9 

 CONTENTS 

Abstract.............................................................................................................. 3 
Sammanfattning ................................................................................................. 5 
Tack ................................................................................................................... 7 
Contents ............................................................................................................. 9 
Preface ............................................................................................................. 11 
List of papers ................................................................................................... 13 
Abbreviations and tool web-sites......................................................................14 

1. Introduction.................................................................................................. 15 
1.1 Starting points ........................................................................................ 15 
1.2 Aims and objectives ...............................................................................16 

1.3 Terminology........................................................................................... 17 
2. Background.................................................................................................. 19 

2.1 Tools for environmental assessment of buildings................................... 19 

2.2  Environmental performance indicators .................................................. 21 

2.3 Applications of assessment tools and indicators..................................... 23 

Internal management of existing buildings ............................................... 24 

Design guidelines .....................................................................................25 

Communication and marketing................................................................. 26 

3.  Components in building tools......................................................................29 

3.1 Assessment module ................................................................................ 29 

3.2 Input module .......................................................................................... 31 
3.3 Output module and explanation of results............................................... 32 

4. Research Methods ........................................................................................ 35 
4.1 Scientific context.................................................................................... 35 
4.2 Research methods applied in the papers ................................................. 37 

Paper 1 ..................................................................................................... 37 
Paper 2 ..................................................................................................... 37 
Paper 3 ..................................................................................................... 38 
Paper 4 ..................................................................................................... 40 
Paper 5 ..................................................................................................... 41 

4.3 Realising the tool development............................................................... 42 

Development of the EcoEffect tool........................................................... 42 

Development of the ByggaBo tool............................................................ 43 

5. Results.......................................................................................................... 45 
5.1 Selection of aspects (Paper 3)................................................................. 45 



 10 

5.2 Selection of indicators (Papers 2 and 3).................................................. 48 

A systematic procedure for indicator selection ......................................... 48 

Evaluation of indicators used in current practice ...................................... 50 

Case study and recommendations............................................................. 51 

5.3 Communication of comprehensive results (Paper 4)............................... 51 

5.4 Inventory data limits (Papers 2 and 4) .................................................... 55 

5.5 Environmental indicators in internal property management (Paper 5)..... 57 

Literature review results ........................................................................... 57 

Comparisons to studies on property management..................................... 59 

Suggestions on environmentally and organisationally meaningful indicators
................................................................................................................. 60 

5.6 Comprehensive environmental assessment of buildings ......................... 61 

The EcoEffect tool (Papers 1 and 4) ......................................................... 61 

The Bygga Bo tool ................................................................................... 67 

6. Discussion.................................................................................................... 75 
6.1  Lessons from the papers ........................................................................ 75 

6.2  Reasons for and consequences of methodological choices in 
comprehensive tools..................................................................................... 79 

6.3  Reflections on tool design processes...................................................... 82 

6.4  The future of environmental building assessments ................................ 84 

6.5  Future research topics............................................................................ 88 

7. References.................................................................................................... 91 



 11 

PREFACE 

My reasons for writing a buildings-related PhD thesis stem from the time when I 
completed my MSc in Environmental Science and began to work as 
environmental manager in Swedish municipal housing companies. This was at a 
time when ISO 14001 had just been introduced and my main task was therefore 
to perform environmental reviews and build up environmental management 
systems in a number of Swedish housing companies. After a few years I was 
contacted by Mauritz Glaumann, who became the supervisor for my PhD studies 
at the Royal Institute of Technology in Stockholm (KTH).  
 
My work at KTH has naturally been affected by the research environment in 
which I have worked. I have been employed at two divisions at KTH. During 
2001-2006 I worked at the Division of Built Environment Analysis and since 
then at the Division of Environmental Strategies Research. The Division of Built 
Environment Analysis was mainly composed of architects and focused on 
studying the relationships between people, environment and the built 
environment. The research was often normative, aimed at improving buildings 
to better suit the people using them. Research at the Division of Environmental 
Strategies Research is also often normative, since many studies are intended for 
use as decision support for policy measures and the like. The main methods used 
at the latter Division are environmental systems analysis and scenario 
development. Although both divisions are interdisciplinary, studies in Built 
Environment Analysis can often be said to belong to the social sciences, 
whereas many studies in Environmental Strategies Research are more natural 
science-orientated.  
 
In 2004 I presented my licentiate thesis (Malmqvist, 2004), which was 
influenced by my work at the Division of Built Environment Analysis. It 
consisted mainly of a study based on in-depth interviews with environmental 
managers in property management organisations. In addition, it tested some 
approaches for how indicators generated by the principles of the EcoEffect tool 
could be used in the internal management of such organisations. The thesis was 
written in Swedish in the form of a monograph and the material was almost 
completely different to that presented in the current PhD thesis. Thus, to clarify, 
this PhD thesis consists primarily of new research material and focuses less on 
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the organisational relevance of building assessment tools and more on their 
technical content. 
 
The thoughts and texts presented in this thesis have their origin in the two major 
research and development projects in which I participated during my years at 
KTH. These were the EcoEffect project, aiming at designing a very 
comprehensive environmental assessment tool for buildings, and a Swedish tool 
for environmental rating of buildings, referred to hereafter as the ByggaBo tool. 
I was highly involved in both projects, particularly in parts concerning 
applications for existing buildings and indoor environment quality. The two 
projects have resulted in a wealth of data on different approaches for tool 
construction, tests of the tools on different real buildings, stakeholder 
participation and studies of other tools. All these experiences finally enabled me 
to take a broader look at what we have done, and this covering essay hopefully 
provides some useful lessons for future research and development in the area. 
 
Finally, these experiences were gained in close co-operation within the 
respective research teams and special acknowledgement is therefore given to my 
colleagues in the projects. In the EcoEffect project these were: Mauritz 
Glaumann, Marie Hult, Getachew Assefa, Beatrice Kindembe, Ulla Myhr and 
Therese Malm. In the ByggaBo project they were: Åsa Svenfelt (formerly 
Sundkvist), Göran Finnveden, Mauritz Glaumann, Helene Wintzell, Martin 
Erlandsson, Per-Olof Carlson, Torbjörn Lindholm, Tor-Göran Malmström, 
Johnny Andersson and Ola Norrman Eriksson. In addition, I would like to thank 
all those representatives of stakeholders who participated and actively 
contributed to these projects. Finally, I am grateful to the Swedish Research 
Council Formas, the Lars Erik Lundberg Scholarship Foundation and the 
Swedish Energy Agency for funding my doctoral studies. 
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1. INTRODUCTION 

This introduction describes the starting points of this thesis, the aims and 
objectives as well as definitions on a few essential terms. 

1.1 Starting points 

Environmental assessment of buildings has been an emerging field during the 
last decades involving both practitioners and academia (Cole, 2005; Kibert, 
2005). The increasing awareness of the extensive contributions of the built 
environment to society’s environmental impact as a whole has been essential for 
this development. To reduce the environmental impacts of new and older 
buildings, tools for evaluating and assessing potential impacts, performance and 
improvement potentials, are seen as useful.  
 
An important trend is the increasing number of tools world-wide that aim at 
making comprehensive environmental assessments of buildings. Main, expected 
application areas for these tools include internal management of existing 
buildings, design guidelines and market communication (Crawley and Aho, 
1999). The wide flora of tools (see e.g. Sundkvist et al., 2006; Ding, 2008) 
explicitly shows that a variety of methodological approaches are used when 
developing such tools, for instance criteria-based or life cycle-based tools 
(Forsberg and von Malmborg, 2004).  
 
Cole (1999) makes a division into four key components for all kinds of building 
environmental assessment tools: assessment module (scoring, calculations, etc.), 
input module (data generation from the assessed building), output module 
(presentation of results) and explanation of results (interpretation of the results, 
e.g. labelling). For all components, methodological choices are an essential part 
of tool development. More specific methodological aspects include e.g. choices 
with regard to assessment area, type of indicators, data retrieval methods, 
calculation procedures, criteria setting, weighting procedures, presentation of 
results and interpretation (Cole, 1999; Cole and Larsson, 1999). In the ideal 
situation, all these choices are based on both scientific and practical 
considerations, in relation to the intended application. However in reality, 
practical considerations are generally given greater emphasis when 
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environmental assessment approaches are being developed for practical use 
(Olsthoorn et al., 2001; Wrisberg et al., 2002; Cole, 2005).  
 
Since the structure, content, communication of results, etc. of various 
assessment tools (if widely used) will influence environmental practice, 
technological development and perceptions about the building sector’s 
environmental problems, critical reviews on methodologies and method 
improvement are clearly relevant tasks for research institutions.  
 
The framework for this thesis is thus comprehensive environmental assessment 
of buildings and the actual content summarises parts of two R&D projects 
concerning method development for environmental assessment of buildings: the 
EcoEffect tool (Glaumann and Malmqvist, 2007) and the ByggaBo tool, a 
Swedish environmental rating tool for buildings (Glaumann et al., 2008). The 
aim of both projects was to develop and suggest ways to assess the 
environmental impacts/performance of buildings that could be used in practice 
for decision-making by relevant parties – architects, property managers, building 
owners, developers, etc. This is an important starting point, since 
methodological choices then involve balancing environmentally relevant 
content, systematic and trustworthy assessment procedures and practical 
considerations. 

1.2 Aims and objectives  

The main aim of the thesis was to contribute to the development of tools for 
environmental assessment of buildings. The point of departure was the 
experiences gained in development of the EcoEffect and ByggaBo tools. 
Lessons for such tool developments on a more general level were sought by 
combining these experiences with data from the literature and analyses of other 
such tools and tool development processes. In addition, the thesis aimed to 
explore a number of methodological aspects relating to tools and indicators for 
assessing the environmental impacts/performance of buildings. Specific 
objectives were to: 
 

• Discuss and develop different methodological approaches for 
comprehensive environmental assessment of buildings (Papers 1, 4 and 
this covering essay) 
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• Devise and discuss possible approaches for selecting issues to be assessed 
in comprehensive assessment tools (Paper 3) 

• Devise and discuss indicator selection procedures that are based on both 
scientific and practical considerations (Papers 2 and 3) 

• Scrutinise the selection of indicators in current environmental building 
assessment tools (Papers 2 and 3) 

• Devise and discuss a simplified approach for communicating the results of 
comprehensive assessments (Paper 4) 

• Explore the possibility of calculating environmentally relevant indicators 
for use in practice (Papers 2 and 4) 

• Investigate significant components for relevant and meaningful 
environmental indicators for internal management purposes in property 
management organisations (Paper 5) 

1.3 Terminology 

In the body of literature covering environmental assessment of buildings, the 
terms method, tool and more seldom system or scheme are used in parallel. Tool, 
is undoubtedly the most frequently used term. In this thesis, the term tool is thus 
used for any named approach for environmental building assessment, such as 
EcoEffect, LEED, BREEAM, CASBEE, etc. Tools are intrinsically developed 
for practical use, in contrast to the research methods for building assessments 
used for academic discussions or the theoretical methods that may form the 
basis for a tool. However, such methods are also referred to as tools in much of 
the literature. In order to make a distinction from the term tool, method is 
consistently used in this thesis for the above-mentioned research and theoretical 
methods. 
 
In the literature, building tools are also referred to as assessment and/or rating 
tools. In this thesis, the term assessment is used as the broad term, whereas 
rating applies to tools in which the assessment is aggregated into a single rating 
score for a particular building. 
 
The assessed content in building tools is given numerous terms in the literature. 
Assessment areas, aspects, issues, topics, items and dimensions are some of the 
most frequently used terms. Other equivalent but more output-orientated terms 
include environmental impacts, effects, impact categories and environmental 
factors. Since most tools need to structure their content, hierarchies with two or 
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more levels are common, which implies that the above-mentioned terms can be 
used to describe different hierarchical levels. In this thesis, the term 
(environmental) aspect is used for structuring the content of tools. The term is 
central in the standardisation literature (e.g. ISO 14001) and therefore well-
known. Here, it is used to denominate different interactions between buildings 
and the environment/people´s health. If there is a need to distinguish between 
different hierarchical levels the term assessment area is used as the higher level, 
consequently containing a number of aspects to be assessed. 
 
An environmental aspect can cause one or more environmental impacts and 
health problems. In order to assess an aspect, or rather a problem connected to 
an aspect, an indicator is needed. An indicator can be regarded as an 
approximation of the problems to be assessed by the tool (Glaumann et al., 
2008). In the literature on building tools, the terms criteria and parameters are 
also used frequently for describing this concept.  
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2. BACKGROUND 

This chapter provides a background to the development of tools for 
environmental assessment of buildings. It gives insights into the historical and 
current developments and presents reviews of tools and their intended 
applications. In addition, it provides an introduction to the field of 
environmental performance evaluation in organisations, which is closely linked 
to the application of environmental assessment tools.  

2.1 Tools for environmental assessment of buildings  

Tools for environmental assessment of buildings range from approaches that 
consider just one environmental aspect at a time, e.g. energy, to very 
comprehensive tools with regard to aspect coverage. Furthermore, some tools 
have a clear, focused assessment object, such as a building material, a building 
component or an entire building. Others can be used for different system levels, 
from individual buildings to city districts. The following mainly refers to 
comprehensive tools that assess buildings or building properties.  
 
The history of comprehensive environmental assessments of buildings started 
somewhere around the beginning of the 1990s, in particular with the release of 
the first version of the British tool BREEAM (Baldwin et al., 1990). BREEAM 
was the first internationally known tool, on which many subsequent tools have 
been built (Cole, 2006). The area of building assessment tools developed 
strongly during the 1990s with experiences dispersed globally by establishment 
of the international Sustainable Building conferences (the first held in 
Vancouver in 1998). Since then, an extensive amount of (mostly) national tools 
have evolved of which some are now well-established on the market, e.g. LEED 
(Kibert, 2005) in the USA and CASBEE (Murakami, 2005) in Japan. The first 
LCA-based tool, Eco-Quantum, was developed in the Netherlands in 1997 (Mak 
et al., 1997) and the first version of the Swedish EcoEffect tool in 1997-1998 
(Glaumann, 1999; Glaumann et al., 1999).  
 
Most tools have a wide aim similar to that of the BREEAM tool, which was to 
provide guidance on ways to minimise the environmental impacts related to 
buildings while also promoting a healthy and comfortable indoor environment 
(Baldwin et al., 1993).  
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In the middle of the 1990s, the GBTool initiative taken by the Green Building 
Challenge ´98 aimed to develop a general tool that could be used in different 
countries (Cole and Larsson, 1999). The approach was to stimulate learning 
about building assessment, communicate it on a global scale and devise a 
framework that could be adapted to regional or national level (Cole and Larsson, 
1999; Todd and Geissler, 1999). The development of the GBTool (now called 
SBTool) has continued and case studies from numerous countries are presented 
and discussed at every Sustainable Building conference.  
 
The extensive parallel development of environmental assessment tools for 
buildings can be exemplified using the Swedish case. The most recent review of 
Swedish tools identified 37 tools, of which information was available for 27 
(Sundkvist et al., 2006). Nine of these were comprehensive tools covering 
numerous environmental aspects, while the rest focused on energy, the indoor 
environment or material choice. The comprehensive tools had a diversity of host 
organisations. Five were operated by individual consultancies, one by a 
municipal authority, one by the Swedish standardisation organisation, SIS (in 
collaboration with the other Nordic standardisation organisations), one by an 
academic institution and one by an association consisting of sector companies 
representing property owners, consultants and construction companies 
(Sundkvist et al., 2006). 
 
Standardisation is currently going on at both European and international level. 
This work concerns frameworks and recommendations on sustainability in 
building construction (ISO, 2006a; 2006b; 2008) and a framework for 
assessment of environmental performance of buildings within CEN/TC 350. The 
aim is to establish common frameworks for definitions of the system boundaries, 
functional units, environmental indicators, presentation of results, etc. within 
assessment of environmental building performance.  
 
A number of authors have reviewed building tools in general (Crawley and Aho, 
1999; Reijnders and van Roekel, 1999; IEA, 2001; Todd et al., 2001; Kaatz et 
al., 2002; Sundkvist et al., 2006; Ding, 2008; Haapio and Viitaniemi, 2008) and 
LCA-based tools in particular (Kotaji et al., 2003; Forsberg and von Malmborg, 
2004; Peuportier and Putzeys, 2005). These reviews compare a number of 
different contextual and methodological aspects, such as the aspects assessed in 
the tools and types of results presented. In addition, a few reviews cover the 
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detailed content of particular assessment areas. For example, Myhr (2008) 
reviews outdoor aspects, while Paper 3 of this thesis reviews indoor 
environmental quality aspects in building tools.  
 
Cole (2005) claimed that since the building assessment tools are voluntary and 
market-based, practicality and cost-efficiency were considered to be the primary 
characteristics of importance by the early tool-makers. This fact resulted in 
criticism by e.g. Glaumann et al. (1999) which led to the initiation of the 
development of life-cycle based tools. Later attempts to compare results from 
different tools (Yokoo and Oka, 2002; Aotake et al., 2005; Kawazu et al., 2005; 
Brick and Frostell, 2007; Wallhagen et al., 2008) typically show diverging 
results. Different tools give different results or, more precisely, non-comparable 
results. Even when the same tool is used, the results have been difficult to 
interpret, as shown in the Green Building Challenge case studies (Todd and 
Geissler, 1999). 

2.2  Environmental performance indicators 

The previous section described building environmental assessment tools as 
coherent units. However, their ability to present environmental information also 
means that specific parts of the tools can be used for particular applications. 
Irrespective of the application, the data used are commonly in the form of 
environmental indicators. Accordingly, quantitative environmental assessments 
are closely related to environmental indicators, such that assessment tools 
consist of sets of indicators to be assessed and presented or the outcome of the 
assessment is presented in the form of indicators in order to simplify complex 
information.  
 
Environmental indicators are used in different contexts, such as for policy-
making and for monitoring trends in e.g. the environment by local, national or 
regional authorities (Smeets and Weterings, 1999; Ness et al., 2007). Another 
important context discussed in the literature is the use of environmental 
performance indicators in organisations. This thesis focuses on the latter context 
due to the relation of assessment tools to companies and organisations in the 
building sector. A central guideline in this context is the standard ISO 14031 
(ISO, 2000b), which focuses on indicators for corporate environmental 
performance evaluation. This standard makes a division into three types of 
indicators; Environmental Condition Indicators (ECI), Operative Performance 
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Indicators (OPI) and Management Performance Indicators (MPI). In 
organisations, OPI are commonly used, sometimes accompanied by MPI 
(CRISP European Thematic Network, 2002; SIS, 2005). The general 
interpretation of these two indicator types is that MPI represent performance 
drivers and OPI represent performance outcome. These indicators are intended 
to be used both for external reporting and for internal monitoring of the 
organisation’s environmental practices. Accordingly, environmental 
performance evaluation is often an integral part of environmental management 
systems (EMS). To achieve more efficient EMS, improved performance 
evaluation is often mentioned as one indisputable component (Enroth and 
Zackrisson, 2000; Hamschmidt and Dyllick, 2002; Enroth, 2006).  
 
There are a number of practical guides and examples of environmental 
performance indicators in organisations (e.g. ISO, 2000b; Jasch, 2000; Wathey 
and O´Reilly, 2000; Tyteca et al., 2002; Xie and Hayase, 2007). General criteria 
for selecting indicators in the EMS process of business organisations often 
include the following: . 
 

• Ease of measurement 
• Capability to connect company actions with environmental performance 
• Understandable and meaningful for the stakeholders identified 
• Workable in practice 
• Support bench-marking over time 
• Capability to inform decision-making for improving organisational 

performance 
• Focus on areas of direct management influence 

(ACBE, 1992; Azzone and Manzini, 1994; Wathey and O´Reilly, 2000; 
Verfaille and Bidwell, 2000; Olsthoorn et al., 2001).  
 
A common feature of the above criteria is that they are all more or less practical 
considerations. In addition, reviews of indicators used in practice typically show 
that indicators are chosen for ease of measurement rather than whether they 
indicate changes in environmental quality (Olsthoorn et al., 2001). Major 
problems are a lack of suitable data and limited routines for data compilation 
(Bennett and James, 1996; Schaltegger and Burritt, 2000; Gray et al., 2001; 
Ammenberg and Hjelm, 2002). A direct consequence is that the environmental 
effects of EMS in organisations have proven difficult to verify (Ammenberg and 



 23 

Hjelm, 2002; Schylander and Zobel, 2003). Similar results have been shown 
specifically for property management organisations (Malmqvist, 2004).  
 
The use and usefulness of environmental performance indicators for external 
reporting is discussed at length in the literature (e.g. Brophy and Starkey, 1998; 
Deegan, 2002; Morhardt et al., 2002; Brown and Fraser, 2006). In corporate 
environmental indicator literature, the main focus is usually on seeking 
generality with respect to indicator choice (Azzone et al., 1996; Young and 
Welford, 1998; Thoresen, 1999; Tyteca et al., 2002). However, this generality is 
largely intended for comparing environmental performance in an external 
context, not for managing internal processes. Accordingly, a number of authors 
argue for  performance indicators to be adapted to the context of internal 
management of organisations in order to generate efficient environmental 
improvements (Thoresen, 1999; Brunklaus, 2005; Enroth, 2006). 

2.3 Applications of assessment tools and indicators 

The driving force for the development of environmental assessments in general 
is the demand for environmental information in different types of decision-
making situations. There are a number of overviews of method approaches used 
for environmental assessments and performance evaluation (Wrisberg et al., 
2002; Finnveden and Moberg, 2005; Ness et al., 2007). They present a wide 
array of approaches with regard to both analytical and procedural tools, product-
related and policy-related tools (Wrisberg et al., 2002; Finnveden and Moberg, 
2005) as well as indicator systems for environmental monitoring by authorities 
(OECD, 1993; Ness et al., 2007).   
 
Wrisberg et al (2002) list five possible applications for environmental 
assessments: strategic planning, capital investments, design and development, 
communication and marketing, and operational management. For environmental 
building assessments, guidelines for design of new buildings or buildings to be 
refurbished is a relevant application that may include taking decisions on capital 
investments (Cole, 1999; Crawley and Aho, 1999). Crawley and Aho (1999) 
also claim that these tools can enable target specification in construction 
projects, which can be regarded as part of the design process. Furthermore, 
environmental reviews of existing buildings is a clear area of application in 
order to support decisions on improvement measures taken both on the strategic 
and operational levels of property management organisations (Crawley and Aho, 
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1999). Part of this process is to use the assessments for bench-marking (Cole, 
1999). Finally, the communication and marketing of environmental assessment 
results for individual buildings to external users of this information (consumers, 
authorities, etc.) is a relevant task for environmental building assessments (Cole, 
1999; Crawley and Aho, 1999). To summarise, three broad areas of application 
for environmental assessments of buildings include: 
 

• Internal management of existing buildings (stimulating owners to improve 
the environmental performance of their buildings) 

• Design guidelines (informing decision-makers and specifying 
environmental targets during the design stages)  

• Market communication (delivering objective measurements of a 
building’s environmental performance) 

Internal management of existing buildings 

Internal management of existing buildings involves the use of assessment results 
in order to identify strengths and shortcomings regarding environmental 
performance of these buildings. This opens the way for discussions about the 
environmental improvement measures that are the most critical and efficient for 
a building owner or operator. Internal management can involve all types of staff 
and managers in organisations and an environmental information demand can 
emerge in a number of different operational activities. Traditionally, the use of 
environmental assessments internally in organisations has often derived from 
legislative demands. For European property management organisations and 
building owners, the European Union Directive for Energy Performance of 
Buildings (European Commission, 2003) forms such an example. However, this 
is an exception and property management organisations normally do not need to 
comply with the industrial environmental legislation framework. Therefore, the 
use of environmental building assessments in particular can be expected to take 
place within the voluntary environmental management of the organisation.   
 
In the environmental management context, environmental performance 
evaluation through indicators and environmental audits are important 
components. Crawley and Aho (1999) suggest that comprehensive building tools 
in this context can provide environmental reviews of existing buildings as part 
of internal environmental management as well as identifying and selecting 
improvement measures in existing buildings. In addition, they can be used for 
specifying goals for the environmental management of building stock (papers 2 
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and 4). However, it must be noted that the operational activities related to 
property management are broader than examination of the buildings and include 
for instance transport related to building operation and maintenance (Svane, 
1998; Malmqvist, 2004). 
 
A study in 2003 of Swedish property management organisations considered to 
be environmental leaders showed that building tools were used only infrequently 
for internal management (Malmqvist, 2004). To some extent, environmental 
reviews of buildings were performed but scarcely no-one used such tools for 
environmental performance evaluation purposes. For the special application of 
internal use in property management organisations, data availability was often 
mentioned as the main problem (Brunklaus and Thuvander, 2002; Malmqvist, 
2004). 

Design guidelines 

In design processes in general, the environmental information demand 
commonly relates to understanding design alternatives in the process of 
optimising existing products or the redesign of existing concepts. Potential 
applications include integrating eco-design tools into the normal design process 
of companies and educating designers (Wrisberg et al., 2002). In the earlier 
stages of a design process only indicative data are necessary, whereas in later 
stages, when the concept has become more materialised, quantitative tools that 
can provide more detailed information are needed. In general, design and 
development is a typical situation in which life cycle assessment (LCA) has 
been regarded as convenient. In practice, customised and simplified LCAs, 
which can be in the form of checklists, are commonly used (Wrisberg et al., 
2002). 
 
One aim of building assessment tools can be to provide decision support in the 
design situation of new building developments and refurbishment projects. 
Suggested applications in different parts of the building design process include; 
specifying and evaluating environmental goals for construction/refurbishment 
projects and detailed design guidelines (Crawley and Aho, 1999). Most LCA-
based tools are intended to be used for selecting and discussing design options 
through the calculation of impacts caused by different options of building 
materials, building designs and technical solutions (Reijnders and van Roekel, 
1999; Forsberg and von Malmborg, 2004). However, LCA-based assessment 
tools have not yet been used much in practice by designers (Brick, 2008; 
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Peuportier et al., 2008). Instead, Cole (2005) points out that many of the non-
LCA based checklist tools, which were initially not meant as design tools, are 
often used in this context, with a number of potentially negative consequences. 
For example, using them as design tools risks to institutionalising what 
constitutes good building practice at a time when innovation is needed. 
Secondly, these tools encourage ‘points-chasing’, i.e. that cost-effective credits 
are sought rather than best environmental performance (Cole, 2005). 

Communication and marketing 

Traditionally, quantitative information has been produced by industry for 
communication with inspection authorities. However, with the increased 
environmental concern in society, communication of environmental information 
has moved to also being a marketing instrument for companies. This is achieved 
mainly through environmental labelling or through communicating the 
information with the help of environmental performance indicators. 
 
Potential applications for comprehensive building assessment tools in this 
context include providing input to development of national building regulations 
and decision support for purchasers (Crawley and Aho, 1999). Accordingly, 
estate agents can make use of environmental assessment information. Cole 
(2005) believes that the financial sector and insurance companies will have more 
interest in using building assessments for valuation of risks, etc. Furthermore, 
Lützkendorf and Lorenz (2006; 2007) report an increasing interest for 
sustainable property investments on the financial market. In line with this 
development, environmental building assessments can be used to provide 
economic or other incentives to high-performing buildings. In a few states in the 
USA, for example Oregon, tax reductions on project costs are allocated in 
relation to the LEED rating given to the building (Oregon Department of 
Energy, 2008). Some banks and insurance companies in Switzerland give 
reduced interest rates and insurance fees if the building is certified according to 
the MINERGIE tool (Erlandsson and Carlson, 2008). A number of banks world-
wide give better credit terms to ‘sustainable’ buildings (Lützkendorf and Lorenz, 
2007). In Austria, environmental requirements have to be fulfilled in order to 
obtain subsidies granted by the authorities for new dwellings (Peuportier et al., 
2008). In Japan, the rating tool CASBEE is used as consumer information on the 
official website of the city of Osaka (Osaka City, 2004).  
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To sum up, the information provided by environmental building assessments can 
be expected to have a value both in internal processes of building sector 
organisations and for communication with external stakeholders. There is 
presumably a role for both complete and comprehensive assessments and for the 
use of individual indicators or indices for specific application provided by 
assessments.  
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3.  COMPONENTS IN BUILDING TOOLS  

Components in building environmental assessment tools have been discussed in 
detail in various studies (Cole, 1999; , 2001; Sundkvist et al., 2006). In general, 
building environmental assessment tools include four key components;  
assessment module, input module, output module and explanation of results 
Cole (1999). This chapter gives an overview of a number of methodological 
aspects in relation to these components. 

3.1 Assessment module 

The assessment module includes the tool’s approach to assess the environmental 
aspects covered by the tool. Finnveden and Moberg (2005) suggest that the 
object of the study and impacts of interest are two key aspects of the decision 
context that have implications for the choice of assessment approach or method. 
Typologies of building tools commonly denote a hierarchy from tools that assess 
building materials to tools that assess entire building stocks or even city 
districts. Tools can also cover more than one such hierarchical level (Trinius and 
Nibel, 1999; Todd et al., 2001; Forsberg and von Malmborg, 2004). However, 
most comprehensive building tools focus on the building level. Traditionally, 
life cycle assessment (LCA) approaches are used for products and 
environmental impact assessment (EIA) for projects (Finnveden and Moberg, 
2005). Building assessments can naturally be characterised as both products and 
projects and some authors thus describe building environmental assessment 
tools as falling between the scope of LCA and EIA (Crawley and Aho, 1999; 
Myhr, 2008). However, rather different methods are usually necessary for 
different subgoals, i.e. for assessing different aspects to be covered by the 
building assessment tools.  
 
The main assessment areas for building environmental assessments argued by 
for instance CIB (Conseil International du Batiment) and ISO/CEN include 
resource use and associated emissions, the health and comfort of building users 
and life cycle costs (Kibert, 1994; ISO, 2006a; Lützkendorf and Lorenz, 2006). 
Many of the comprehensive tools cover similar areas (Todd et al., 2001) even 
though some LCA-based tools are narrower, only accounting for emissions 
caused by the energy and material flows (Forsberg and von Malmborg, 2004). 
Others cover management features and service quality (e.g. GBTool and 
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CASBEE) (Todd et al., 2001; Japan Sustainable Building Consortium, 2004). 
Sundkvist et al. (2006) summarised the content in the 38 Swedish and foreign 
tools they reviewed as: 
 

• Conditions in building (health, comfort) 
• Conditions at the building site (health, nature) 
• Effects on neighbours (wind, shade, noise, glare) 
• Regional and global effects (emissions to air, water and soil) 
• Potentials (controllability, maintenance plans, adaptability, working 

processes, etc.) 
 
They concluded that while the first four types of content provide information 
about performance, potentials may, but do not necessarily, involve good 
environmental performance. This distinction between performance-based and 
feature-based (based on technical and operational features of building 
properties) assessments was also raised by Crawley and Aho (1999).  
 
The ways in which assessment areas/aspects were selected in existing tools are 
rarely clearly described. Sundkvist et al. (2006) concluded that in practice, a 
number of approaches are commonly used in parallel, such as letting data 
availability be decisive, rely on authoritative evidence of building-related 
problems, etc. Glancing at other tools has probably been important and in 
particular the first widely appreciated tool BREEAM has served as inspiration 
for consecutive tools (Cole, 2006). Different applications, such as assessing 
dwellings or work places, may also influence the aspects considered important.  
 
Most tools are in the form of eco-design checklists (Wrisberg et al., 2002) or 
indicator systems (Ness et al., 2007), i.e. sets of indicators that are assessed 
quantitatively or qualitatively. All well-known building tools at the global scale 
(LEED, BREEAM, Code for Sustainable Homes, CASBEE, GBTool/SBTool) 
are indicator systems. Criticism of the simplicity and lack of environmental 
relevance of these approaches (e.g. Glaumann et al., 1999; Lützkendorf and 
Lorenz, 2006) has led to research initiatives focusing particularly on LCA 
methodology (ISO, 2000a). Simpler forms include the use of Material Flow 
Analysis (MFA)/Substance Flow Analysis (SFA) for building-related energy 
and material flows. However, local impacts, such as indoor and outdoor impacts 
or embedded hazardous substances, are rarely covered by LCA (Finnveden et 
al., 2003), since LCA studies in general do not consider where and when 
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emissions take place. Jönsson (2000) and Reijnders and van Roekel (1999) 
concluded that only very limited indoor environmental quality (IEQ) aspects can 
be addressed by LCA and that these should therefore preferably be dealt with in 
a separate way. However, a few attempts have been made recently by LCA to 
assess impacts on the health or comfort of building users (Guinée, 2002; 
Hellweg et al., 2005; Meijer et al., 2005a; 2005b; Meijer et al., 2006). There is 
thus an emerging development of these issues within the LCA community. For 
the purpose of assessing different design options, it is possible to include for 
instance indoor criteria in the functional unit of an LCA. However, indoor 
qualities are then not assessed, as only a minimum standard has to be fulfilled 
(Lützkendorf and Lorenz, 2006). Attempts to handle assessment of embedded 
hazardous substances mainly include the use of MFA. 

3.2 Input module 

Input data for building assessment tools generally demand measurements, 
audits, calculations, simulations and/or estimations. Different input data sources 
are naturally necessary, depending on whether a planned or existing building is 
being assessed or whether the task is an assessment of potential or actual 
performance of an existing building. For assessment of buildings in the design 
phase or the potential performance of existing buildings, input data in general 
constitute data from the design documents, which are often calculated or 
estimated information. Assessments of actual performance of existing buildings 
require more on-site measurements and audits. A special characteristic involves 
the assessment of indoor and outdoor quality in existing buildings. In these 
situations, post-occupancy evaluations are recommended by some authors as a 
useful tool for generating input data to building assessments (Leaman and 
Bordass, 1999; Bordass et al., 2001; Lützkendorf and Lorenz, 2006). Hult 
(2002) reports on the development of standardised questionnaires for detecting 
problems with the indoor environment. This started in the 1970s, first focusing 
on detecting SBS (Sick Building Syndrome) problems (Sundell et al., 1997), but 
subsequently covering aspects concerning thermal climate, noise, etc. (Engvall 
et al., 2004).  
 
LCA-based tools need databases with life cycle inventory (LCI) data. Their size 
and quality differ greatly in current tools and some tools have preferred to be 
connected to large general databases such as EcoInvent (Haapio and Viitaniemi, 
2008). The different LCI data are often the main cause of divergent results when 
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comparing LCA-based tools (Peuportier and Putzeys, 2005; Brick and Frostell, 
2007). 
 
Since the input module is the tool’s main interface with the primary tool users, 
main user requirements include simplicity, cost-effectiveness and clarity 
(Sundkvist et al., 2006). Accordingly, as pointed out by Cole (1999), even 
though the input module is intended to serve the assessments with data, practical 
considerations with respect to data acquisition form a limit to the content and 
construction of the assessment module. 

3.3 Output module and explanation of results 

Cole (1999) identifies three demands on presentation of the results of 
comprehensive tools:  
 

• It should provide a comprehensive view of the building performance,  
• It should enable closer studies of specific assessment aspects since 

different tool users may have different interests  
• It should enable comparisons: 

o of the building/aspects/indicators to relevant benchmarks 
o between different aspects of the same building 
o of specific aspects between buildings 
o of aggregated results between buildings  

 
One important consequence of this reasoning is that the presentation of results 
ought to be transparent in the sense that all underlying information should be 
open for scrutiny. Haapio and Viitaniemi (2008) conclude that the most common 
presentations of results in LCA-based building assessment tools are in the form 
of graphs and tables.  
 
In relation to the three overarching applications of building assessments, the 
need for detailed comparisons of specific environmental aspects, building 
components, etc. can be of interest for internal management and design. 
However, for market communication, simplified results such as labels are 
necessary. The most common technique to communicate aggregated assessment 
results in building tools is a rating, as seen for instance in the well-known tools 
LEED (platinum, gold, silver and bronze) or Code for Sustainable Homes (1-6 
stars). The rating in current tools is generally not designed to represent a certain 
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performance level in relation to e.g. building norms (Ding, 2008) although a few 
rating tools have performance levels or requirements that have to be fulfilled in 
order to reach a specific rating level. Another common approach among building 
tools is to compare the assessed building with a reference building. Cole (1999) 
gives insights into the use of reference buildings in the GBTool work. 
 
Aggregated results require a process for aggregating or weighting underlying 
criteria. Building assessment tools commonly use implicit or explicit weighting. 
Implicit weighting means that all indicators can receive the same score, thus 
implying that all indicators are equally important. Explicit weighting articulates 
different weightings for different indicators (Todd et al., 2001). Techniques for 
setting weights in the context of building assessments are further discussed by 
Andresen (1999), Todd et al. (2001) and Cole (1999; 2001).  
 
In the common rating tools LEED, BREEAM, Code for Sustainable Homes, 
CASBEE and GBTool/SBTool, each indicator in the tool receives a score and 
the final rating depends on the added score of all indicators. This approach is 
easily communicated and understandable, but has obvious drawbacks since it 
encourages ‘trading’ scores to find the most cost-effective way to reach a high 
rating (Cole, 2005; Wallhagen et al., 2008). Consequently, the resulting rating in 
such tools can have quite different ‘environmental meanings’ in different 
assessments (Humbert et al., 2007). In addition, a high rating can conceal 
significant environmental deficiencies. 
 
The precision in the results of building assessment tools has not been widely 
discussed in the literature. However, within the PRESCO (Practical 
Recommendations for Sustainable Construction) network, it was concluded that 
most LCA-based tools used in their study gave results within +-10% when 
assessing the same building with the same data (Peuportier and Putzeys, 2005).  
Haapio and Viitaniemi (2008) discuss a number of features of the assessment 
module of LCA-based tools that might give rise to different interpretations of 
the results.  
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4. RESEARCH METHODS 

In the introductory section of this chapter, the phenomenon of building 
environmental assessment tools is related to some discussions within philosophy 
of science and implications on research methods. The rest of the chapter gives 
insights into the methods used in Papers 1-5 as well as the more general 
realisation of the EcoEffect and ByggaBo tools.  

4.1 Scientific context 

When making quantitative environmental assessments, the tool-maker must 
believe that it is possible and relevant to calculate potential environmental 
impacts in quantitative terms. However, it is reasonable to have the humility to 
recognise that this can be done in different ways and that subjective matters will 
always influence the results. On the other hand, the types of practical decision-
making contexts to which environmental building assessments relate need 
hardly have a very high precision, although they can contribute better 
information than if the decisions were taken in their absence. For use in practice, 
the precision of such tools must only be sufficient to identify hotspots or, in a 
sensitivity analysis, to establish the minimum level of data precision required to 
not disturb the results about the hotspots. Or for a rating tool, it could be to 
design the rating criteria so that the probability of the assessed buildings getting 
the ‘right’ rating is high. This reasoning corresponds to one of the characteristics 
of technological science according to Hansson (2007), who claims that the 
precision of calculations, etc. need only be sufficiently exact to solve the 
practical problem examined in the study.  
 
In technological science, Hansson (2007) argues that the study objects are often 
man-made and that design of the study object is frequently a significant 
component. Design of building environmental assessment tools corresponds 
closely to this and could well be compared to a common task for technicians, to 
design a measuring instrument or method. Furthermore, the building tools aim at 
being functional tools for practitioners in order to contribute to environmentally 
better buildings. Such normative and functional aims are typical in technological 
science. In contrast to old disciplines in natural sciences, a reductionist approach 
(experiments, etc. in which the variables studied are limited and kept under 
controlled conditions) can scarcely be used. Instead, new technology needs to be 
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tested in practice, in the context where it is intended to function when ready for 
application (Hansson, 2007). 
 
Some features of technological science described by Hansson (2007) correspond 
somewhat to the ideas behind transdisciplinary science or Mode 2 knowledge 
production (Gibbons et al., 1994; Nowotny et al., 2001) and also to the ideas in 
soft systems thinking developed by Checkland (1999). These authors conclude 
that the study of ‘real world problems’ with normative purposes needs 
methodological approaches other than reductionist disciplinary thinking, e.g. an 
action-orientated approach and the involvement of concerned stakeholders. In 
addition, the importance of recognising the local context is stressed (Gibbons et 
al., 1994; Checkland, 1999; Flyvbjerg, 2001).  Stakeholder participation in the 
context of building environmental assessment tools has been discussed by Kaatz 
et al. (2005). They stress the importance of developing the tools for particular 
decision contexts if they are to become strong instruments in sustainable 
building projects. Involving stakeholders from outside academia also creates a 
foundation for practice-orientated solutions (Gibbons et al., 1994; Lawrence, 
2004).  
 
An additional fundamental component in the study of ‘real world problems’ is 
the interdisciplinary research team. Successful work must lead to a mutual 
understanding of the project goal and the problem studied, which is often 
tedious and demanding work (Payne, 1999; Cooper, 2002; Petts et al., 2008).  
 
The tool development projects referred to in this thesis both involved a 
considerable number of stakeholder representatives and, to a certain extent, 
interdisciplinary research teams. Both features are strong elements in 
transdisciplinary research. However, inter- or transdisciplinary research 
approaches were not initially expressed in neither of the projects. Rather, the 
working procedures in the projects resembled this type of research to some 
extent but could probably have been developed further.  
 
To sum up, this thesis presents work performed in a technological science 
tradition with elements of transdisciplinarity. 
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4.2 Research methods applied in the papers 

Paper 1 

Paper 1 provides a summary of the EcoEffect tool. Naturally, many different 
methods were used in order to develop the tool. Different assessment areas of 
the tool were addressed using different approaches. Accordingly, the 
development work was based on reviewing literature on different approaches for 
assessing the environmental impacts of buildings and national and international 
exchange of knowledge. The different analytical methods that were used for the 
tool are discussed more in the Results section, since this is the outcome of the 
development process. The development process for the EcoEffect tool is 
described further in section 4.3 of this thesis. 

Paper 2 

The aim of Paper 2 was mainly to explore how parts of the EcoEffect tool could 
be used in property management. The objectives of Paper 2 included devising 
and testing a systematic procedure for selecting environmental indicators in 
general terms and using it for evaluating indicators of a handful of existing tools, 
as well as current practice in property management. A third objective involved 
testing the practical possibilities of using more environmentally relevant 
indicators in the context of internal environmental practice in property 
management organisations. 
 
The indicator selection procedure involved a literature review on environmental 
performance indicators and discussions among fellow researchers. This 
procedure was then tested in practice through an empirical study, limited to 
three significant environmental aspects for the property sector: energy use, 
household waste treatment and embedded hazardous substances/materials. Data 
were gathered from three Swedish housing estates in order to examine the 
possibility of calculating environmentally relevant (problem-related) indicators 
from quantitative data in property management organisations. The housing 
estates were fully owned and operated by two different municipal housing 
corporations. The data collected included annual quantities of energy use, 
household waste generation and data about embedded hazardous 
substances/materials. The data were retrieved from databases in the companies 
and through interviews with environmental managers and facility managers of 
the different housing estates. In addition, emission and production data on local 
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energy production and waste treatment plants were collected. By combining the 
company-specific data with the external data, indicators were then calculated. 
 
Energy data were converted to emitted equivalents by translating kWh to air 
pollution emissions contributing to climate change, acidification, eutrophication 
and megajoules (MJ) of nuclear electricity, using characterisation factors from 
the EcoEffect tool (Glaumann et al., 2007).  Indicators were thus formulated as 
‘kg CO2-equivalents’, etc. representing the different impact categories. For 
household waste treatment, the indicator ‘kg waste to landfill’ was calculated. It 
comprised directly landfilled bulk waste and landfilled ash and slag from 
combusted household waste, the latter calculated with the help of data from the 
combustion plants. In one of the housing estates, the content of hazardous 
substances in the building materials was carefully documented. From this 
information it was possible to calculate indicators based on the actual embedded 
quantities in kilograms of substances officially classified as possessing inherent 
hazardous properties (carcinogenic, reproduction-impairing, etc.). This approach 
builds on ideas developed by Kindembe (2004). All indicators were divided by 
the number of building users, thereby relating the environmental impact to a 
service produced. 
 
Finally, the indicators calculated for the three housing estates were evaluated 
with regard to the indicator selection criteria suggested in the paper. In addition, 
these indicators were compared with currently used environmental performance 
indicators in property management organisations and with indicators in the 
foreign tools LEED (USA) and CASBEE (Japan) and NABERS (Australia). 
These three tools were chosen due to their differences concerning the indicators 
included. 

Paper 3 

Paper 3 formed part of the decision-making process for the choice of 
environmental aspects and indicators to be assessed by the ByggaBo tool. The 
aim was to devise systematic procedures for both selecting aspects and 
indicators for the tool. The paper was delimited to the assessment area of indoor 
environmental quality (IEQ). 
 
In the ByggaBo project, a number of different approaches for selecting aspects 
to be included in the tool were discussed. In Paper 3, five approaches were 
tested to base the selection of aspects on: 
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• Severity of building-related problems 
• Extent of building-related problems 
• Aspects/problems addressed by national and sector objectives 
• Aspects/problems addressed by legal requirements  
• Current practice in similar existing tools 

 
The rationale behind the first two approaches was that a systematic literature 
review could help to identify the most important building-related IEQ problems 
related to consequences on people’s health. The importance of the problem was 
understood as the severity (the seriousness of the building-related health 
problems) and the extent (the number of people affected by the building-related 
health problems) of the problems in the Swedish setting (where the tool was to 
be implemented). Thus, these two approaches were meant to be combined. 
These ideas originated from the weighting method approach in the EcoEffect 
tool (Glaumann and Malmqvist, 2005a; Glaumann et al., 2007) and the DALY 
(Disability Adjusted Life Years) approach (Murray and Lopez, 1996). The next 
two approaches (objectives and legislation) were regarded as approximations of 
what society values as the most important problems. The final approach implies 
that existing tools should have already identified the most significant 
environmental aspects. 
 
There is currently no clear definition of the aspects that constitutes the indoor 
environment. However, based on current practice of IEQ tools and guidelines, 
four main aspects are generally distinguished: indoor air quality, thermal 
climate, noise & acoustics and light conditions. Each of these can be divided 
into sub-aspects. This corresponds quite well to the definition of indoor 
environmental factors (which in this context is equivalent to the term IEQ 
aspects) by Hult (2002) as ‘a comprehensive term for a number of physical 
indoor environmental parameters that we perceive as a uniform and separate part 
of the indoor environment’ (Hult, 2002, p. 1:4). In addition to the four IEQ 
aspects mentioned, Hult (2002) also regards electromagnetic fields and tap water 
quality as indoor environmental factors. This somewhat broader view on IEQ 
was applied in the literature review of Paper 3. 
 
The approaches were tested by performing extensive literature reviews of 
current tools and guidelines covering IEQ, Swedish objectives and legislation, as 
well as the severity, extent and causal relationships between IEQ problems and 
building characteristics. Based on these reviews, an analysis was performed 
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regarding the IEQ aspects that appeared to be most significant when the 
different approaches were applied. 
 
The approach for selecting indicators developed in Paper 2 was then further 
tested in Paper 3. An inventory was made of approximately 80 indicators used 
for evaluating different aspects of IEQ in 16 existing building assessment tools, 
standards and authority guidelines. The selection of these tools and guidelines 
was based on the availability of detailed descriptions of foreign tools as well as 
the most commonly used standards, guidelines, etc. in Sweden that cover IEQ. 
The indicators were evaluated by assigning a score of 1 to 5 in dialogue with a 
colleague for each of the theoretical and practical criteria initially presented in 
Paper 2 and further refined in Paper 3. In addition, this inventory enabled an 
analysis of the IEQ aspects covered by the different comprehensive tools. 

Paper 4 

Paper 4 dealt with the issue of how to communicate and interpret very 
comprehensive assessment results in order to provide decision-makers with the 
information they need. The paper applied the most aggregated presentation of 
results from the EcoEffect tool and thus built on the methods developed within 
the EcoEffect project (Glaumann and Malmqvist, 2007; Paper 1), slightly 
adapted to the particular case of assessing existing buildings. 
 
In order to illustrate the approach, 26 multi-family building properties situated in 
different towns in Sweden were assessed with regard to energy use and indoor 
environmental quality by the EcoEffect tool. The buildings had previously been 
test objects within the EcoEffect and/or Bygga Bo projects and therefore data for 
the buildings were already available. The buildings were thus chosen simply on 
the basis that various property owners had been interested in and prepared to 
assess the environmental performance of their buildings. The building data used 
for the calculations included actual energy use, size, design numbers of users 
and user perceptions related to IEQ. To capture user perceptions, the 
comprehensive EcoEffect questionnaire (EcoEffect, 2008; Hult and Malmqvist, 
2008) was used for all buildings but three, for which a simplified version of the 
EcoEffect questionnaire (Carlson et al., 2007) was used. The latest available 
data on yearly energy use were used in order to reflect the approximate energy 
use characteristics at the time of the questionnaire. Energy for heating, hot water 
and operation of shared facilities was included in the calculations. In addition, 
current fuel mixes for the different district heating distributors were obtained 
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from the Swedish District Heating Association or in one case directly from the 
distributor. Emission data for combustion of different fuels were taken from 
Uppenberg et al. (1999), while for electricity, standard emission data for 
Swedish electricity mix were used.  
 
Two environmental indices were then calculated for each building: the Internal 
Load Index (ILI), which relates to the quality of the indoor environment as 
perceived by the users of the building, and the External Load Index (ELI), which 
reflects the external environmental impact caused by the energy use of the 
building. The ILI was calculated using the response frequencies to four general 
questions in the questionnaire that address thermal climate in wintertime, noise 
& acoustics, indoor air quality and daylight/sunlight conditions. A mean 
percentage of satisfied users for each question was then calculated from the four 
questions, resulting in the ILI score.  
 
The energy and emission data were first used to calculate potential contributions 
to a number of environmental impact categories caused by emissions from 
energy generation. These impact categories include climate change, 
stratospheric ozone depletion, acidification, eutrophication, production of 
tropospheric ozone, human toxicity, ecotoxicity and ionising radiation risk 
related to electricity produced by nuclear power (Glaumann et al., 2007; 
Glaumann and Malmqvist, 2007). The resulting equivalents were then 
normalised by the average total emissions to each category caused by each 
Swedish person. Finally, the equivalents of each impact category were 
multiplied by a damage weighting, thus enabling them all to be added into a 
single index, the ELI score. A damage-based weighting method developed in the 
EcoEffect project was used for this purpose. This method is further described in 
Assefa and Glaumann (2008) and Glaumann et al. (2007). 
 
To enable interpretation of the results of the 26 buildings, three reference values 
for each of the ILI and ELI were calculated. These three values were intended to 
represent ‘best practice’, ‘societal goals’ and ‘statistical mean’ under Swedish 
circumstances for multi-family residential buildings.  

Paper 5 

The overall aim of Paper 5 was to improve internal environmental practice and 
procedures in property management. The paper therefore sought to learn more 
about what makes environmental performance indicators useful for internal 
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environmental practice and to give some suggestions on characteristics of 
indicators that are both meaningful for the organisation and environmentally 
relevant. 
 
The aims were accomplished mainly by a literature review and empirical 
experiences from the authors’ previous studies (Brunklaus and Thuvander, 2002; 
Malmqvist, 2004; Paper 2; Brunklaus, 2005). The literature review covered 
areas such as environmental management systems and environmental 
performance evaluation, organisation theory and literature on environmental 
systems analysis. 

4.3 Realising the tool development 

Development of the EcoEffect tool 

The EcoEffect project led by Dr (now Professor) and architect Mauritz 
Glaumann was first initiated in 1998 with a second phase in 2001-2003. The 
project (or rather programme) aimed to develop a comprehensive tool for 
assessment of the environmental impacts of buildings. The initiative to develop 
the tool came from the researchers. At the time of initiation of the EcoEffect 
project, the tools that existed for environmental assessment of buildings were in 
general basic and feature-based indicator systems. The overarching aim of the 
project was therefore to provide a more comprehensive and systematically 
elaborated tool highlighting problems related to the built environment but also 
relating the problems to the needs that buildings aim to satisfy. This is the 
reason why assessment of indoor and outdoor environment is included in the 
tool, since providing a comfortable place to stay is part of a building’s purpose. 
 
The assessment methods for EcoEffect and it’s computer-based tool were 
developed with a research team leading the work. The researchers in the team 
represented the disciplines/professions of architecture, environmental science, 
chemical engineering, surveying and landscape planning. A project board with 
representatives from a number of financiers and other research institutes decided 
on the main directions of the project. In addition, stakeholder participation took 
place in the form of 25 participating companies/organisations from the building 
and construction sector and research finance institutions. Input from these 
organisations to the project process mainly took place through seminars, 
workshops and time-limited working parties. The stakeholders represented 
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knowledge about the business aspects, legislative issues and, to some extent, the 
need of the end-users, namely occupants. In addition, two test periods were 
organised in which stakeholders in the project contributed real case study 
buildings on which the EcoEffect tool under development was tested. 
 
Major development directions in the later stages of the project included how to 
account for recyclability, development of a damage-based weighting method, 
development of modules for indoor and outdoor assessment including user 
questionnaires for gaining input data to these assessments, how to handle 
assessment of embedded hazardous substances and development of a database 
with life cycle inventory data including how to document data uncertainties. In 
addition, a computer-based user interface was developed for practical use of the 
tool. 

Development of the ByggaBo tool 

The ByggaBo project was initially three different projects that were to merge 
into one led by Prof. Göran Finnveden at Environmental Strategies Research at 
KTH Stockholm, Prof. Tor-Göran Malmström at Building Services Engineering 
at KTH and Dr. Torbjörn Lindholm at Building Services Engineering at 
Chalmers University in Gothenburg. The project had its origin in a dialogue 
project called Building, Living and Property Management for the Future 
incorporating actors in the building and property sector as well as 
representatives of the Swedish government. The aim of the dialogue project was 
to stimulate the building and construction sector towards higher sustainability. 
One important action stressed by the dialogue project included a voluntary tool 
for environmental classification of buildings (ByggaBoDialogen, 2003a). A 
target was set to classify 30% of existing buildings and all new buildings in 
2009 (ByggaBoDialogen, 2003b). This R&D project thus had to develop a 
rating tool to be used for this purpose. In comparison with the EcoEffect tool, 
this tool was assumed to have a narrower perspective. It was expected to 
consider energy, environmental impact and indoor climate. It was intended for 
rating existing buildings and due to the expected wide application it was 
assumed to have a limited content. The initiative to develop the tool came from 
the building and construction sector, through the work in the ByggaBo dialogue 
(ByggaBoDialogen, 2003a) and by the researchers through initiation of the 
research projects. 
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The project was divided into four parts: introduction, development, testing and 
final refinement. In the introduction, a broad inventory was made of Swedish 
and non-Swedish assessment and rating tools through a review of literature and 
internet websites for the non-Swedish tools and through questionnaires for the 
Swedish tools. In addition, potential user groups and incentive providers were 
interviewed. In the development phase that followed, a preliminary list of 
possible indicators was produced. In the subsequent testing phase, data were 
collected on 46 buildings and indicators were calculated. The stakeholder 
representatives providing the buildings and collecting the data were then 
interviewed. Eventually, a final set of indicators was proposed based on the 
findings of the test objects and related interviews.  
 
The researchers, consisting of representatives of architecture, chemical 
engineering, building and services engineering, environmental science, ecology 
and civil engineering, led the work. The project leaders reported progress to the 
ByggaBo board. Stakeholder participation took place in the form of 27 
participating companies/organisations from the building and construction sector 
and representatives from financiers and authorities. Apart from contributing in 
the testing phase, stakeholder representatives gave comments on the progressing 
tool in a number of organised workshops. In the refinement phase, workshops 
with stakeholders about particular components of the tool and discussions with 
individual experts were important parts of the work.   
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5. RESULTS 

In this chapter, the principal results of the Papers 1-5 are summarised. In 
addition, overviews are given of the two approaches used for comprehensive 
environmental building assessment, the EcoEffect and ByggaBo tools. The 
results are structured under a number of cross-sectional themes, meaning that the 
chapter also includes reflections on the results of Papers 1-5 in a common 
context. 

5.1 Selection of aspects (Paper 3) 

The grounds of selection for environmental aspects to be included in a 
comprehensive environmental assessment tool for buildings naturally influence 
the results produced by the tool. In order to test a number of different 
approaches for such selection, the severity and extent of indoor environmental 
quality (IEQ) problems as well as the IEQ problems/aspects addressed in 
Swedish national and sector objectives, legal requirements and current practice 
in such tools, were reviewed. Based on these literature reviews, IEQ aspects that 
appeared to be significant in different approaches could be summarised (Table 
1). Note that the severity and extent of problems were meant to be used as a 
combined approach in order to determine the significance of different IEQ 
problems.  
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Table 1.  Significant IEQ problems/aspects according to the selection approaches tested. Note 

that the aspects are listed in no particular order of priority (adapted from Paper 3) 

Most severe 

problems/aspects 

Most extensive  

problems/aspects 

Aspects in 

Swedish official 

objectives 

Aspects in 

Swedish 

mandatory rules 

Most common 

aspects in current 

practice 

Indoor air quality 

– radon 

Indoor air quality 

– SBS related 

Indoor air quality 

– ventilation 

Indoor air quality - 

ventilation  

Indoor air quality  

 

Indoor air quality 

– legionella 

Noise & acoustics Indoor air quality - 

radon  

Noise & acoustics 

Indoor air quality 

– allergy related 

Thermal climate – 

cold 

Noise & acoustics 

- traffic noise 

Thermal climate 

 

Noise & acoustics 

– traffic noise  

Daylight 

conditions 

Magnetic fields – 

childhood 

leukaemia 

Tap water quality 

Electromagnetic 

fields (EMF) – 

EMF sensitivity 

Tap water quality 

Indoor air quality -  

formaldehyde in 

plywood, 

chipboard, etc. 

Illumination 

 

 
First, a few reflections on this summary. Making a selection based on the 
severity and extent of IEQ problems is quite ambiguous, since there is still a 
need to judge whether a severe problem should be rated as equally significant to 
an extensive problem. In addition, problems can be more or less severe and 
extensive. Such a selection process is thus not entirely liberated from the 
subjective values of the person(s) making the analysis. Therefore, relying on 
existing official objectives or mandatory rules is more accurate. However, 
mandatory rules are only one way for authorities to deal with significant 
problems in society. In this sense, it is better to rely on societal objectives if 
such objectives exist and have been decided on in consensus. On the other hand, 
since there is a displacement in time between new scientific evidence and the 
implementation of objectives and laws, updating reviews on the severity and 
extent of problems are important when developing or improving an 
assessment/rating tool.  
 
Relying on existing tools for selecting aspects and indicators has the advantage 
of recognition and, as a consequence, supports practical implementation. 
However, such tools have been developed in different contexts, for different 



 47 

targets groups and applications. Accordingly, existing comprehensive tools 
address different IEQ aspects, as shown in Table 2. 

Table 2.  IEQ aspects covered by the different comprehensive assessment tools addressed in the 

inventory (adapted from Paper 3) 

Tool/Aspect Indoor 

air 

quality 

Thermal 

climate 

Noise & 

acoustics 

Daylight 

conditions 

Sunlight 

conditions 

Illu-

mination 

Tap 

water 

quality 

EMF1  Legio-

nella 

EcoEffect X X X X X X  X X 

LEED X X  X  X    

GBTool X X X X  X    

CASBEE X X X X X X    

Ecoprofile X  X  X X    

The Nordic 

Swan 

labelling 

X         

BREEAM 

Office 

X X  X X X   X 

BREEAM 

Ecohomes 

  X X      

Miljöstatus X X X X   X X X 

 
As can be seen in Table 1, the aspects considered by the Swedish official 
objectives correspond quite well with the aspects that prove to be significant 
when assessing the severity of problems. Current practice includes thermal 
climate, probably because of the extensiveness of this problem. The reasons for 
including or excluding specific aspects in comprehensive tools can be numerous. 
For instance, noise & acoustics are not included in the well-known tools LEED 
and BREEAM Office (Table 2), despite causing severe and extensive problems 
and being prioritised in the Swedish official objectives.  One reason may be that 
the tools are mainly feature-based (based on assessment of technical and 
operational features) and therefore exclude e.g. the effects of traffic noise on the 
indoor environment. However, this does not explain the exclusion of e.g. noise 
from equipment. Furthermore, BREEAM Office and BREEAM for dwellings 

                                         
1 Electromagnetic fields 
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(EcoHomes) do not cover the same aspects, which may mean that the main use 
of the building influences the aspects judged to be significant. For instance, a 
poor thermal climate may be valued as more problematic in work environments 
than in housing, since it can reduce productivity and consequently the economic 
profit.  
 
Nevertheless, aspects such as daylight and illumination conditions are included 
in many comprehensive tools, despite the fact that no other selection approaches 
in Table 1 indicate their significance. This fact shows that considerations other 
than environmental and health relevance also influence the content of tools. 
Such considerations may include economic motives such as productivity, 
customer demands, etc.  
 
To sum up, the main recommendation from Paper 3 is that aspects that coincide 
in many of the selection approaches are highly relevant for inclusion in a tool. 
The procedure described provides a systematic way to justify the aspects 
included in such comprehensive tools.  

5.2 Selection of indicators (Papers 2 and 3) 

A systematic procedure for indicator selection  

Paper 2 proposes a procedure for systematic selection of environmental 
performance indicators. The main idea was to problematise the environmental 
relevance of such indicators. The suggested procedure is organised into three 
steps: 1) Sketch the environmental mechanism, 2) Identify possible indicators, 
and 3) Evaluate the indicators with regard to theoretical and practical criteria. In 
the first step the environmental mechanism is sketched – from building service 
to endpoint problems as in figure 1. This step is necessary to raise awareness 
about the problem(s) one actually wants to counteract and consequently to 
indicate with the specific indicator.  



 49 

 
 
 
 
 
 

Figure 1.  Example of a building-related environmental mechanism related to climate change 

(Assefa and Glaumann, 2008) 

In the second step, ideas on possible indicators are raised. The environmental 
mechanism can function as a tool for discussing whether suitable indicators can 
be found in different parts of the chain. In Figure 1, energy use for heating 
(kWh/year) is an example of an indicator close to the service in the mechanism, 
while CO2-equivalents emitted is an example of an indicator more related to the 
midpoint changes in the mechanism. In the last step it is suggested that the 
possible indicators at hand are evaluated. In Paper 2, seven evaluation criteria 
were suggested, which were further refined to six criteria in Paper 3 (Table 3). 
Three of these criteria are grounded in scientific or theoretical considerations 
and three in practical considerations. 

Table 3.  Theoretical and practical criteria suitable for evaluating the relevance and usefulness of 

environmental indicators (adapted from Paper 3) 

Theoretical criteria Practical criteria 

Validity:  

The indicator measures the end-point problem 

that it is supposed to measure, to a desired 

extent. 

Costs: 

The costs for data acquisition and calculations of 

the indicator including competence demands are 

reasonable. 

Reliability:  

The data acquisition and calculation processes 

are regulated so that the same result is obtained, 

independent of who is performing the processes. 

Intelligibility:  

The meaning of the indicator is easy to 

communicate. 

Accuracy:  

The data and calculation procedures result in a 

desired level of precision of the indicator result. 

Influence:  

The organisation itself can influence the value on 

the indicator. 

 

SERVICE EMISSIONSMEANS MIDPOINT CHANGES 
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These criteria were used for evaluating the practical and theoretical relevance of 
indicators in Papers 2 and 3. The procedure used in these evaluations was 
naturally subjective and rough. Some criteria are easy to evaluate, whereas 
others, such as validity and intelligibility, are more difficult to determine and to 
a wider extent based on subjective judgements. In addition, to allow such 
evaluations it is very important that the problem(s) that the indicator is intended 
to reflect is well-defined. However, this analytical evaluation process facilitates 
a discussion of the strengths and shortcomings of different indicators. Another 
strength with this procedure is that indicators are evaluated regarding more 
scientifically orientated criteria. Guidelines on indicator selection normally only 
focus on practical considerations. If the aim is to assess environmental 
performance, it can be argued that the validity criteria suggested in Table 3 
should be seen as superior to other criteria since it reflects the environmental 
relevance of the indicator. 

Evaluation of indicators used in current practice  

In both Paper 2 and 3, indicators were evaluated with regard to the six (or seven) 
criteria presented above. Paper 2 addresses indicators related to energy use, 
treatment of household waste and embedded hazardous substances and materials 
in the comprehensive tools LEED, CASBEE, EcoEffect and NABERS, as well 
as current practice in property management in Sweden. Paper 3 addresses 
indicators for indoor environmental quality (IEQ) in 16 comprehensive and 
more specialised tools and guidelines (Table 5 in Paper 3). 
 
Some differences between the comprehensive tools were distinguished in the 
evaluation. A number of the tools have an emphasis on indicators that indirectly 
measure the problems, for instance LEED, CASBEE, Ecoprofile, BREEAM 
Office and also current practice in Swedish property management. Practical 
considerations seem to have been most important when selecting indicators in 
these cases. These tools mainly use indicators that can be easily acquired from 
databases in the companies or that embrace easily audited preventive measures. 
However, some comprehensive and more performance-based tools use 
indicators that measure problems in a more direct way, such as EcoEffect, 
NABERS and GBTool. The evaluation in Paper 3 also showed that indicators 
with high validity are generally more costly to use in the current situation than 
many less valid indicators. In addition, the inventory and evaluation in Paper 3 
showed that there is a great variety of indicators for measuring the same 
endpoint problems in the comprehensive tools studied.  
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Case study and recommendations  

Paper 2 also tested whether it would be possible to use more environmentally 
relevant indicators in practice in property management. Indicators on energy 
use, waste treatment and embedded hazardous substances were derived for the 
input data generated from three housing units. By acquiring data from real life 
examples, it was possible to learn more about cost and competence demands as 
well as the reliability of the data collection and the accuracy of the gathered 
data. It could be concluded that use of more environmentally relevant indicators 
for waste treatment and embedded hazardous substances may currently be 
difficult in property management organisations. This is due to practical 
limitations as well as problems regarding accuracy and reliability. However, use 
of an indicator such as CO2-equivalents/m2 instead of kWh/m2 for the 
environmental impacts of energy use would be possible today.  
 
The case studies in Paper 2 along with the evaluation of IEQ indicators in 
different tools in Paper 3 give insights into important considerations to be 
discussed when selecting environmental indicators. It can be recommended that 
indicators have high validity, and also that they are satisfactory with regard to 
the other criteria suggested by the papers. However, in practice such indicators 
may be difficult to find. As a consequence, simple indicators with low validity 
may have to be used when no better alternatives exist.  
 
The two practical tests in Papers 2 and 3 show that the proposed procedure for 
indicator selection can be used for different applications: for selecting indicators 
for performance evaluation of environmental practice in organisations or for 
selecting indicators to be included in a comprehensive assessment tool. They 
also show that the procedure can be used for different types of environmental 
aspects. It can consequently be concluded that the approach is of a general 
character and can be used in different contexts in order to initiate a discussion of 
selecting more environmentally relevant indicators than are currently common 
in organisations and in tools.  

5.3 Communication of comprehensive results (Paper 4) 

Communicating and interpreting comprehensive assessment results that are both 
complex and multi-dimensional is a well-known problematic task when dealing 
with environmental assessments. In the EcoEffect tool, an approach for a high 
level of aggregation, a presentation of results called the environmental efficiency 



 52 

of a building, was developed (Paper 1). In Paper 4, the two indices ELI (external 
load index) and ILI (internal load index) used for displaying the environmental 
efficiency were calculated for 26 Swedish multi-family buildings. The results 
are shown in Figure 2, with ELI on the x-axis and ILI on the y-axis. The ELI 
reflects the total environmental impacts caused by the energy use and the ILI 
reflects the building users’ perceptions of thermal climate, indoor air quality, 
noise & acoustics and daylight/sunlight conditions in the building. This type of 
result presentation enables analysis of the impacts on the external environment 
and the impacts on the internal environment simultaneously in a two-
dimensional diagram. The closer to the origin the building is situated in the 
diagram, the better the ‘environmental efficiency’. However, there is still a need 
to interpret how well or badly a building performs. For this purpose three 
reference values were suggested in Paper 4 (best practice, societal goals and 
statistical mean), which are seen in Figure 2.  



 53 

 

 

 

 

 

 

 

 

 

Figure 2.  ‘Environmental efficiency’ in 26 Swedish multi-family buildings with reference values. 

Solid line = Best practice, Dotted line = Societal goals and Dashed line = Statistical 

mean values (adapted from Figures 2 and 4 in Paper 4) 

From the results of the 26 buildings, a number of reflections can be made 
regarding the construction of the two indices and the suggested reference values. 
 
The external load index (ELI) in the EcoEffect tool favours the use of electricity 
and heat that is not produced by nuclear power or fossil fuels, efficient use of 
space and low use of heat and electricity. Such an index captures the most 
important problems related to energy use in buildings in a comprehensive way. 
In this particular example (Figure 2), the space efficiency component had to be 
excluded due to input data limits. Instead, it is the type of energy source in 
particular that determines the ELI results of the buildings in this study. For 
example, the three buildings with the highest ELI scores were all completely 
heated with oil (Oil 1-3 in the figure). Only two buildings with district heating 
(Örebro and Mölndal) had high ELI scores due to the district heating mixes 
being based on high percentages of fossil fuels. In addition, the building heated 
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with electricity (Electricity) had a high ELI score due to the contributions to the 
impact category of ionising radiation risk. 
 
The proposed internal load index (ILI) favours buildings in which the indoor air 
quality, thermal climate, sound and light conditions in general are perceived as 
satisfactory by the building users. An analysis of the detailed questions in the 
questionnaires on the buildings studied showed that these four overarching 
aspects of the ILI give quite a good overview of the general perceived indoor 
environmental quality. A complication with assessing quality of the indoor 
environment in such general terms is that specific IEQ problems may be 
concealed. When the questionnaire results were studied in detail, the study in 
Paper 4 revealed that when more than 90% of the residents were satisfied with 
each of the studied IEQ aspects, it was uncommon to find specific details of the 
indoor environment that high proportions of the residents perceived as 
problematic (for instance draughts from windows). Thus, if lower satisfaction 
rates than 90% are found, it becomes more important to investigate possible 
specific problems giving rise to complaints. It is important to remember that 
indoor problems that cannot be perceived, such as radon gas, are not included in 
the index proposed and therefore have to be traced separately.  
 
The aggregated indices are rough but nevertheless of a kind that is easily 
communicated and probably well suited for comparisons between buildings. The 
environmental efficiency diagram effectively reveals differences in 
environmental performance due to energy use and perceptible health and 
comfort problems related to properties of the building. The location of a 
building in the diagram immediately indicates whether internal or external 
aspects should be improved. To undertake improvement measures in the 
environmental management process, the environmental efficiency information 
alone is not sufficient and more background information is needed, including 
e.g. details on energy use for heating and electricity and more specific 
information about problems with the indoor environment experienced by the 
building users. In the EcoEffect tool, such information can easily be retrieved 
when using the software, which allows the user to move up and down between 
the different information levels. It thus provides total transparency of the causes 
of a specific environmental impact. 
 
Possible areas of application for the diagram include acting as an overarching 
objective for environmental practice of a property management organisation’s 
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building stock, or for evaluating targets set in the planning process for a new 
building. It can also be used for environmental rating of buildings, which would 
probably increase the communication value further. One option for deciding on 
rating criteria is to use the suggested reference values best practice, societal 
goals and statistical mean (Figure 2). The reference values tested in Paper 4 
could probably be refined further. For instance the best practice definition here 
seems to be strict, since not even the Passive house could achieve it unless it 
switched to electricity based on hydro or wind power. In principle, all buildings 
that are connected to district heating with low emissions comply with societal 
goals regarding the external load index. Overall, ten buildings performed better 
than the current Swedish statistical mean values for both indices. 
 
If simplifications of comprehensive assessment results are necessary, different 
impact categories have to be aggregated. The environmental efficiency diagram 
described in Paper 4 provides a simple communication approach without having 
to weigh the two completely different assessment areas external (ELI) and 
internal (ILI) impacts against each other. It thus provides a good alternative to 
making single score ratings.  
 
Finally, Paper 4 also revealed that when only the impact categories climate 
change and ionising radiation risk were included in the ELI, the ranking of the 
buildings investigated did not change considerably compared with ranking them 
according to the ELI score. This implies that it could be sufficient to base the 
external load index on these two impact categories. The empirical study of Paper 
4 covers the assessment areas energy use and IEQ. However, the indices ELI 
and ILI can be constructed in other ways. The ELI can for instance also cover 
external impacts caused by material use and the ILI can cover outdoor or 
service-related aspects. 

5.4 Inventory data limits (Papers 2 and 4) 

The main practical limitation when discussing the possibilities of making 
environmental assessments is the data acquisition process. Since a number of the 
studies that form the basis for this thesis tested different types of environmental 
assessments on real case studies, the question of inventory data limits can also 
be addressed. 
 



 56 

Paper 2 tested the types of indicators that were practically possible to calculate 
and use under current circumstances and under future circumstances in property 
management organisations. By collecting data from three properties, a good 
overview was gained of current data acquisition routines and data existence in 
the organisations studied. The case studies illustrated that the routines for 
collecting existing quantitative information are not well developed and need to 
be better organised. Energy-related data are usually easy to find, whereas data 
regarding waste quantities and types as well as embedded hazardous substances 
are much more difficult to obtain with adequate accuracy. Better routines for the 
documentation of waste quantities and of materials when constructing new 
buildings and refurbishing older buildings would allow for the use of more 
environmentally relevant indicators in the future.  
 
Paper 4 used data from 26 buildings that had previously been test objects in the 
EcoEffect and ByggaBo projects. As a consequence, important data such as 
design numbers of building users could not be used for the calculation of the 
ELI scores since such data were not collected in the previous project tests. Apart 
from these data, which demand some time to calculate from drawings, the data 
retrieval necessary for calculation of the ELI is rather simple. Measured data on 
energy use are usually readily available in property management organisations 
and emission data can be obtained from energy suppliers or official data sources. 
Advanced routines for passing on building information from planning to 
operation stages would improve the possibilities of using the ELI concept.  
 
Based on Papers 2 and 4 and experiences of the two tool development projects, 
the following are some factors that can influence the results when comparing 
different types of buildings, if not controlled: 
 

• Energy use data should:  
o be either calculated or measured 
o be either normal year adjusted or not 
o represent similar conditions (e.g. % occupancy) 

for all buildings that are compared. 
• Electricity use data should cover the same functions (e.g. household 

electricity, electricity for operation, etc.) for all buildings that are 
compared. 

• Numbers of building users should be calculated in the same way for all 
buildings that are compared. 
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• Emission data should be taken from comparable sources, that for instance 
use the same allocation procedures of waste heat for district heating. 

 
As regards user questionnaires, apart from validity problems because variables 
other than IEQ aspects may influence the results, a sufficient amount of 
responses is necessary to secure statistical significance. This type of 
questionnaire study is quite time-consuming and costly, since a number of 
reminders are usually necessary in order to prompt a sufficient response rate. 
However, the questions used for calculation of the ILI score could be inserted 
into e.g. questionnaires for calculation of customer satisfaction indices, which 
are quite common today, at least among Swedish property management 
organisations.  

5.5 Environmental indicators in internal property 
management (Paper 5) 

Paper 5, examined a particular decision context for environmental building 
assessment: internal environmental practice in property management 
organisations.  

Literature review results 

In Paper 5, a literature review on environmental performance evaluation was 
analysed in combination with organisation theory and environmental systems 
analysis. The main conclusion from this analysis was that in order to find 
appropriate environmental indicators for use in this situation, indicators must be 
both environmentally relevant and meaningful for the organisation.  
 
So far, the literature on environmental performance evaluation has focused 
strongly on the use of indicators for external reporting. Consequently, 
recommendations and practical guides on the choice of indicators in general are 
directed towards external reporting. The use of indicators in the external context 
has a typical top-down perspective, i.e. indicators tend to represent upper 
management’s ideas on what information to communicate to the external world. 
It is therefore increasingly being asked what these indicators actually represent, 
and what their usefulness and meaning are in internal management to generate 
environmental improvements. In addition, data availability often guides the 
choice of indicators, rather than environmental relevance.   
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Numerous authors stress the need for combining managerial indicators2 
(performance drivers) and technical indicators (performance outcome) to 
achieve efficient environmental management. However, devising managerial 
indicators has proven to be more difficult since they can hardly be of a general 
character. This is one reason why managerial indicators have been used much 
less than technical indicators in practice.  
 
Literature on organisation theory can in this context provide knowledge about 
efficient internal management strategies, and consequently factors of importance 
for indicators to become useful and meaningful internal tools. First, organisation 
theory makes a distinction between leading and lagging relationships. 
Transferred to indicator use, managerial indicators (performance drivers) are 
often understood as leading indicators and technical indicators (performance 
outcome) as lagging indicators. Formulating such ‘if-then statements’, i.e. 
relations between leading managerial and lagging technical indicators, can be a 
way of creating meaning and understanding for operational activities in the 
organisation.  
 
Furthermore, organisation theory discusses official (both environmental and 
business) and operational goals and their interrelations. Official (often long-
term) goals provide a reference frame for suggesting operational goals (often 
short-term) at operational levels in the organisation. In this sense, this is a form 
of lead-lag relationship. However, on the other hand it must be stressed that 
official goals are nothing more than managerial and technical assumptions. In 
order to devise achievable official goals, these assumptions need to be based on 
the operational capacity and managerial methods or strategies, otherwise they 
will lack support. This way of reasoning is more of a bottom-up perspective and 
consequently both top-down and bottom-up approaches are necessary. 
 
The bottom-up perspective also relates to organisation theory, stressing the 
uniqueness of organisations. In relation to the use of environmental indicators in 

                                         
2 The terms managerial and technical indicators are further on used in the text. The reason is to stress 
that both these types of indicators can be used on both official and operational levels. The term 
Operative Performance Indicators (OPI) can be misleading as if it is only used on operational level. 
But in practice, the term managerial indicators in this text represent MPI and technical indicators 
represent OPI. 
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internal management, this has implications for the identification of useful and 
meaningful indicators. That is, managerial indicators need to be adapted to 
managerial concepts used in the organisations, as well as an analysis of the 
improvement measures different business units can contribute.  In addition, to be 
efficient, operational goals and associated managerial and technical indicators 
need to be adapted to the uniqueness of individual business units. This fact 
stands in clear contrast to the use of indicators for external reporting in which 
generality is often sought.  Such generality undermines consideration of both the 
unique organisational features of individual organisations and unique local 
environmental conditions influencing the aspects that are environmentally 
relevant in different organisations and different business units. 
 
To sum up, the literature review in Paper 5 identified three challenges in order to 
make environmental indicators a more meaningful tool for internal management 
in organisations 1) Establishing meaningful and relevant relations between 
indicators and environmental and business goals; 2) Establishing meaningful 
and relevant ‘if-then’ relations between different types of indicators; and 3) 
Identifying what is environmentally relevant for internal management.  

Comparisons to studies on property management 

Paper 5 also compared the conclusions from the literature review to the authors’ 
experiences in the field of property management. A number of these studies 
indicated that the problems found in the literature were also highly applicable to 
the property management organisations studied. Environmental indicators are 
not used much at all and especially not as a tool for internal management but 
rather as a means for the environmental coordinators to communicate results 
with upper management or for external reporting. Operational units are rarely 
involved and in other words there is often a top-down approach. The integration 
of environmental practice in the general management is often inadequate. The 
use of environmental performance indicators in these organisations is almost 
entirely guided by the experienced availability of data and is therefore 
rudimentary. Consequently, it is difficult to discern a life cycle perspective in 
the practice of the organisations studied. In addition, organisational change often 
leads to data loss which makes it problematic to generate indicators. Managerial 
indicators are only used in exceptional examples. 
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Suggestions on environmentally and organisationally meaningful indicators 

Paper 5 provided suggestions on how the challenges and problems identified in 
the literature and in the authors´ studies could be tackled, exemplified by water 
saving strategies in property management organisations.  
 
The organisation formulates an official goal of x% reduction in total water use 
in the entire building stock. Such a goal can trigger managerial action at 
company level, such as the initiation of a water-saving programme. This is an 
‘if-then’ relationship at official level, which can be measured e.g. by a leading 
managerial indicator (design of the water-saving programme) and a lagging 
technical indicator (total water use per year). The goal may also trigger more 
specific operational goals and the actual measures taken at this level. However, 
different units need different goals (and indicators), for instance if there is an 
information department, their goal could be to form an information strategy for 
the building users concerning water saving. If the property management is 
organised in different geographical or building type units, an analysis of each 
unit may be necessary to identify the buildings in which measures should be 
taken and the type and extent of measures. Thus, both managerial (such as % of 
apartments in the respective operational unit participating in the water-saving 
programme) and technical indicators (such as water use in litres/apartment or m2 
at respective operational unit) can be formulated at this level. Accordingly, the 
goals at this level are triggered by the official goals but matched with the current 
performance of the building stock, the organisational capacity and possibilities 
for improvement at particular operational units. To establish this, a bottom-up 
perspective is necessary and in this process feedback is possible in order to base 
the official goals on more relevant assumptions.  
 
Finally, if moving towards indicators with higher environmental relevance, 
technical indicators could e.g. be formulated as amount of BOD (biological 
oxygen demand) per litre of waste water produced, or similar, related to the 
specific wastewater treatment.  
 
When discussing potential measures to be taken in order to achieve official and 
operational goals, a wide array of options should be considered. An example of 
how a life-cycle or system perspective can help in this is the measures taken to 
achieve energy-related goals in property management organisations. A goal with 
higher environmental relevance than reducing the energy use is to reduce the 
environmental impacts caused by the energy use. The measures for achieving 
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such a goal can be under direct organisational influence resulting in direct 
environmental effects, such as changing the own energy supply, or resulting 
indirectly in environmental improvements, such as energy efficiency measures. 
However, other types of measures resulting indirectly in improvements include 
energy- saving campaigns directed at building users, changes to operational 
routines or to demand environmentally favourable energy generation from 
energy suppliers.  

5.6 Comprehensive environmental assessment of buildings 

There are a number of different options for designing tools for comprehensive 
environmental assessment of buildings. The EcoEffect and ByggaBo tools are 
two examples of how this can be done. These two tools are briefly described 
below in order to provide examples of different methodological options.  

The EcoEffect tool (Papers 1 and 4) 

 
Intended applications 
The stated objectives of the EcoEffect tool are to: 
 

• Quantitatively assess environmental and health impact from building 
properties 

• Provide a basis for comparison and decision-making that can lead to 
reduced environmental impact 

 
The tool primarily targets decision-makers within planning, design and 
management of the built environment. An EcoEffect software has been 
developed within the project and multi-family residential buildings, offices and 
schools can currently be assessed by the tool. 
 
Assessment module 
The system boundary for the EcoEffect assessment is delimited to property-
related environmental impacts, i.e. the building and the site on which it stands. 
The main assessment areas and methods in EcoEffect are shown in Table 4. 
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Table 4.  Main assessment areas in the EcoEffect tool (adapted from Glaumann and Malmqvist, 

2007) 

Overarching assessment area Assessment area Assessment method 

Energy use External environmental impact 

Material use 

Life cycle assessment 

Indoor environment 

Outdoor environment 

Multi criteria assessment Internal environmental impact 

Embedded hazardous 

substances 

Material/Substance flow 

analysis 

Environmentally related life 

cycle costs 

Life cycle costs Capitalised value calculation of 

some internal costs 

 
The EcoEffect tool covers five main areas: Energy, Material, Indoor 
Environment, Outdoor Environment and Life Cycle Costs. In addition, 
embedded hazardous substances is included, but in a less elaborated way. 
Environmental assessment is carried out within each area for a number of 
different impact categories, e.g. climate change, acidification, noise, etc. The 
tool is highly comprehensive, covering all the significant environmental aspects 
related to the defined system boundary. It is performance- and problem-based 
and possible to use for both planned and existing buildings.  
 
The EcoEffect tool uses simplified LCA methodology for the calculation of 
environmental impacts caused by the use of energy and materials in the building 
properties. The functional unit is in general defined as the numbers of users of 
the building, or as the numbers of users multiplied by user hours. The 
environmental impacts from inflows of materials and energy to the property are 
calculated and cover emissions, waste and natural resource depletion. The 
EcoEffect software contains a database with LCI data for different energy types, 
selected material groups, reference values, etc. that are used in the calculations. 
 
For the indoor environment, the impact on human health and wellbeing is 
assessed, whereas for the outdoor environment, both the impact on human health 
and the impact on the ecosystem/biodiversity are included. The input data for 
the assessment are converted to load values according to established criteria that 
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are based on relevant norms, threshold values, etc. Embedded hazardous 
substances of the property are accounted for in terms of amount and location. 
 
A Life Cycle Cost indicator is calculated as the sum of construction or 
renovation costs, service (power, heating, water and wastewater, cleaning) and 
maintenance costs aggregated over 50 years. Costs that have no evident or 
obvious connection to the environmental impacts of a property are excluded, e.g. 
interest and pay-off rates, since the aim is to compare alternative solutions. 

 
Input module 
The data requirement for the assessment is summarised in Table 5. A number of 
input data sheets have been developed for existing and planned buildings since 
sources and requirements on data vary in these situations. The input data sheets 
also include possibilities to estimate material and energy use and to formulate 
appropriate levels for environmental goals.  
 
For different assessment applications, input data can vary. For example, the 
primary recommendation is that calculated data on energy use are used since 
these relate best to the performance of the building itself without the influence 
of behavioural building user patterns.  However, the tool can also make use of 
measured data, which are often at hand when assessing existing buildings. In 
addition, it is not necessary to apply the entire tool. If for instance indoor 
assessment is of interest, the tool can be used for only assessing this part. The 
main difference between assessing planned and existing buildings is that for the 
latter, post-occupancy evaluation through a user questionnaire is the main data 
source for the assessment of indoor and outdoor environment. For planned 
buildings, the corresponding data are obtained by entering goals and 
performance requirements in a table in the input data sheet.  
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Table 5. Input data required for carrying out the EcoEffect assessment (adapted from Glaumann 

and Malmqvist, 2007) 

 Property in program or design phase Existing property 

General data Real estate identification, address. 

Primary use (residential, school, office). 

Areas, e.g. use areas and site area. 

Design number of building users or users*hours of building use. 

Energy Calculated/measured energy use for heating, hot water and cooling. 

Energy carrier for heating and electricity (suppliers). 

Calculated/measured electricity use.  

Material Amount of construction materials – major material groups.  

Depending on the assessment purpose when assessing existing, old 

buildings, the material assessment can be omitted.  

Indoor environment Indoor environmental goals. 

Measures to achieve decided 

indoor environmental goals. 

Response frequencies from the 

EcoEffect questionnaire. 

Measured values for radon in air, 

electromagnetic fields, tap water 

temperature. 

Audit of problems with dampness 

and risks for legionella growth. 

Inspection/inventory of factors for biodiversity. 

Inspection/inventory of daylight, wind and noise conditions. 

Measured values for topsoil, clay content, electromagnetic fields, PCB 

content in soil. 

Outdoor environment 

Outdoor environmental goals. 

Measures to achieve outdoor 

environmental goals established. 

Response frequencies from the 

EcoEffect questionnaire. 

Values for surrounding traffic loads. 

Embedded hazardous 

substances 

Amount of materials with 

compounds toxic to environment or 

human health. 

Audit of embedded hazardous 

substances/materials.  

Life Cycle Costs Calculated costs for maintenance, 

heating, power, water, waste water 

and construction. 

Costs for maintenance, heating, 

power, water and waste water and 

waste management. 
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Output module and interpretation of results 
The EcoEffect software is built up for high transparency of underlying data. 
From the highest result aggregation it is easy to drop down to investigate the 
input data that cause each impact (Figure 3). A number of different presentations 
of results are available: comparisons between different buildings, environmental 
profiles and quantitative indicators. The simplest comparison shows an 
aggregated result of the impact on the internal environment on one axis and the 
impact on the external environment on the other axis in the diagram (Paper 4 
and Figure 2 in this covering essay). This is a form of eco-efficiency thinking 
since it aims to display the ability of a building to provide high quality for the 
users at low environmental impact. The details of these calculations are 
described in Paper 4. 
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Figure 3. Example of presentation of results in EcoEffect and the possibility of stepping down in 

the hierarchy in the software (adapted from Glaumann and Malmqvist, 2007) 

The environmental profiles in Figure 3 are bar diagrams where each bar shows a 
certain type of impact from a given building. There are un-weighted and 
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weighted profiles covering all impact categories or summed up under each 
subdivided assessment area. Impacts caused by energy and material use are also 
normalised and therefore display the contributions from the assessed building 
per building user to a certain impact category in relation to the total 
contributions of an average Swedish inhabitant to the same category. To enable 
identification of the most significant impacts caused by material and energy use 
and to present aggregated results of these, a damage-based weighting method for 
the external impacts has been developed (Glaumann et al., 2007; Assefa and 
Glaumann, 2008). In this method, for each potential end-point problem a load 
value based on estimated numbers of affected people, duration time and severity 
of the problem, is calculated. These estimates are used to compare the relative 
significance of different kinds of impacts and could thus be used as weightings. 
 
The parts of the EcoEffect tool that assess indoor environmental aspects (Hult, 
2002; Hult and Malmqvist, 2008) and outdoor environmental aspects (Myhr, 
2007) are based on multicriteria analysis. Input data are processed to load values 
(0, 1, 2 or 3) and then aggregated to higher level health problems and 
environmental aspects in a tree structure.  So far, the weights for different parts 
of the tree structure are set based on professional judgements.  
 
The great comprehensiveness of the EcoEffect tool is naturally both a strength 
and a weakness. On the one hand it can avoid sub-optimisation, on the other 
hand the comprehensiveness gives rise to different levels of uncertainties into 
the assessment results, which mainly constitute input data and model 
uncertainty. 
 
More thorough descriptions of the EcoEffect tool can be found in English in 
Paper 1 and in Swedish (Hult, 2002; Glaumann and Malmqvist, 2005b; 
Glaumann et al., 2007; Glaumann and Malmqvist, 2007; Myhr, 2007; Hult and 
Malmqvist, 2008).  

The Bygga Bo tool  

 
Intended applications 
This tool is primarily designed for rating existing buildings in use. It is general 
in the sense that it is not adjusted to any specific target group of users. A 
planned building cannot receive a rating in the current version. However, it is 
possible to use the criteria in the tool to design a planned building against it. 
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Assessment module 
The assessment is primarily delimited to building-related environmental 
impacts. In other words, it is the characteristics of the building that are assessed. 
However, since the tool is performance-orientated it also addresses impacts 
caused by the particular siting of the building, e.g. traffic loads in the vicinity. 
 
The tool covers three assessment areas: Energy, Indoor environment and 
Chemicals. A fourth area, Specific environmental requirements, is applicable for 
buildings with their own water supply and sewage systems. Each separate area 
within the tool includes a number of environmental aspects associated with 
building-related environmental/health problems. Each aspect is measured with 
one or several indicators (Table 6). The tool is thus an indicator system. Rating 
criteria are specified for each indicator, stipulating threshold values or 
requirements for a rating A, B, C and D, where A represents the best 
performance. Guiding principles for the rating levels include that C can 
represent norm values/requirements for new buildings or for bought energy 50% 
of the statistically best existing buildings in Sweden. B is better or represents 
short-term sector goals and A would imply best practice, compliance with long-
term sector goals or that further improvements hardly would result in a higher 
quality/better performance. 
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Table 6.  Structure, content and aggregation example of the ByggaBo rating tool (adapted from Glaumann et al., 2008) 

 

Rating at 

Building level 

Assessment 

Area 

Rating at 

Area level 

Aspect Rating at 

Aspect level 

Indicator Indicator 

rating 

Energy use B Bought energy  B 

Heat loss factor C Energy demand C 

Solar heat charge factor C 

Energy B 

Energy source A Shares of energy sources  A 

Noise & acoustics A Noise evaluation or sound classification A 

Radon concentration B 

Ventilation A 

Indoor air quality C 

Nitrogen dioxide concentration C 

Transmission factor B 

Solar heat factor B 

Thermal climate & Daylight  C 

Window area or daylight factor C 

Humidity C Moisture problems C 

Indoor 

environment 

C 

Water - legionella A Tap water temperature  A 

Occurence C Inventory and occurrence of specific substances  C 

Documentation B Documentation of building materials and 

included chemical content 

B 

C 

Chemicals B 

Phasing out  B Documented occurrence of ‘phase-out 

substances’ 

B 
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The process of developing the tool included life cycle thinking. However LCA 
methodology is not used in the tool. MFA/SFA is a component in all the 
assessment areas.  
   
The Energy assessment constitutes three aspects with four indicators. The first 
energy indicator is directly connected to the Swedish interpretation of the EU 
Directive for Energy Performance of Buildings, a figure on bought energy. This 
indicator is complemented by two indicators that represent a calculated 
estimation of the energy demand related to the building design. Together, these 
three indicators provide information on both the theoretical energy demand and 
the performance of the building in use. The fourth indicator of the Energy 
assessment is a simplified indication of the environmental impacts related to 
energy use by looking at the proportions of energy sources based on all energy 
use in the building. 
 
An important ambition with the Indoor environment assessment was that the 
rating would reflect the actual performance in the building, i.e. a good rating 
would ‘guarantee’ good indoor environmental quality. Since a bad location can 
cause an inferior indoor climate, this is therefore partly included in the 
assessment. The Indoor environment assessment includes five aspects with nine 
indicators. Noise & acoustics is covered by an indicator related to the Swedish 
standards on sound classification. Indoor air quality includes one indicator on 
indoor air emissions (radon) and one indicator on the quality of the ventilation, 
i.e. the ability to remove emissions and dampness. A third indicator, NO2 
concentration, indicates pollutants coming from the outdoor air. Thermal climate 
& daylight covers three indicators mainly focused on window size and 
constitution. Moisture is included as a specific aspect due to the health problems 
it can cause. Finally an indicator on legionella problems, tap water temperature, 
is included.  
 
The area Chemicals covers embedded hazardous substances and materials in the 
building. This topic has been specifically highlighted in the Swedish 
environmental quality objectives and in building sector goals. One indicator 
includes inventories and the phasing out of well-known hazardous 
substances/materials, particularly directed towards the assessment of older 
buildings. The other two indicators aim to guide future improvement by 
supporting increased knowledge about embedded building materials and the 
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phasing out of substances classified as hazardous to people’s health or the 
environment in buildings. 
 
Finally, there are two aspects concerning buildings with their own water supply 
and sewage systems (omitted in Table 6). One indicator relates to the ability of 
the sewage system to reduce compounds contributing to eutrophication. The 
other indicator measures the quality of potable water, based on sample analysis. 

 
Input module 
One ambition of the ByggaBo tool was to make use of existing building data, 
and if these were absent to designate simplified data acquisition methods. In 
some cases, both a recommended input data method and a more simplified 
method with less precision are therefore suggested. The simplified methods in 
general give inferior rating results since it is relevant to have a higher margin for 
a high rating. Accordingly, if a building owner is dissatisfied with the rating 
when using the simplified method, the method with higher precision can be 
used. In addition, for some of the indicators, methods with higher precision or 
more input data are demanded if to achieve higher ratings. Table 7 summarises 
the input data demand in the tool. 
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Table 7.  Input data requirements for the ByggaBo rating tool (adapted from Glaumann et al., 

2008) 

Indicator Recommended input data method  Alternative simplified input data 

method 

Bought energy  Measured bought energy use (kWh/m2 and 

year)  according to the Swedish 

interpretation of the European Union 

Directive for Energy Performance of 

Buildings. 

- 

Heat loss factor Data from a continuous recording of indoor 

and outdoor temperature and heating power 

use. 

Simplified calculation representing 

heat loss through the climate shell, 

ventilation and sewage systems 

based on building size and 

technical data for the building 

envelope. 

Solar heat 

charge factor 

Simplified calculation for buildings with 

installed air conditioning larger than 12 kW, 

representing maximum solar heat charge 

per facade. The calculation is based on 

share of glassed façade and data on the 

window’s permeability to solar heat. 

- 

Share of energy 

sources  

Total measured energy use and proportions 

of different energy sources. 

- 

Noise evaluation 

or sound 

classification 

Calculated or measured sound levels in 

relation to the Swedish standards on sound 

classification. 

Simplified audit by listening in 

rooms. 

Radon 

concentration 

Measured radon levels. - 

Ventilation Results from the compulsory ventilation 

control and (if not included in this control) 

measured exhaust air flow rates and 

exterior air flow rates. For buildings not 

affected by the compulsory ventilation 

control, a simplified audit of the ventilation 

system forms input data. 

- 

Nitrogen dioxide 

concentration 

Measured indoor air NO2
 concentrations. Distance to roads with high traffic 

loads. 
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Table 7.  Continued. 

Indicator Recommended input data method  Alternative simplified input data 

method 

Transmission 

factor 

Calculation (or measurement) of operative 

temperature, differences in radiation 

temperature and floor surface temperature 

in wintertime. 

Documentation that strengthens a 

number of thermal characteristics of 

the building; low u-values of the 

external walls, radiators under 

windows, a low window area/floor 

area ratio, low u-values of windows. 

If these characteristics are not 

fulfilled a simplified calculation of 

the transmission factor is based on 

window area, floor area and u-

values for windows. 

Solar heat factor Calculation (or measurement) of operative 

temperature in summer time.  

Simplified calculation based on 

window area, floor area and window 

permeability to solar heat, including 

solar screening-off. 

Window area or 

daylight factor 

Calculation of daylight factor.  Simplified calculation based on the 

window area/floor area ratio. 

Moisture 

problems 

Results from an audit of moisture problems 

and/or documents assuring moisture-safe 

construction methods. 

- 

Tap water 

temperature  

Measurement of tap water temperatures. - 

Inventory and 

occurrence of 

specific 

substances  

Results from audits of a number of ozone-

depleting compounds, PCB, asbestos, 

cadmium, lead, mercury and brominated 

flame retardants classified as “phase-out” 

substances. 

- 

Documentation 

of construction 

materials and 

included 

chemical content 

Existence of a logbook in which all 

construction materials are documented. 

- 
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Table 7.  Continued. 

Indicator Recommended input data method  Alternative simplified input data 

method 

Documented 

occurrence of 

‘phase-out 

substances’ 3 

Documentation in the logbook that confirms 

that ‘phase-out’ substances are non-

existent in the building. 

- 

Emissions from 

private sewage 

systems 

Documentation that confirms compliance 

with existing legal requirements and 

minimum levels of separation of organic 

matter (BOD7), phosphorus and nitrogen. 

- 

Tap water 

quality 

Sampling and analysis of chemical and 

microbiological content of tap water. 

- 

 
A special feature is that in order to obtain the highest rating (A) on all indoor 
aspects but water (legionella), a user questionnaire has to be performed and 
show that the building users are satisfied with the indoor environmental quality. 
 
Output module and interpretation 
The result presentation suggested is a table covering the ratings of all indicators 
and the aggregated results for aspects, assessment areas and the entire building 
(Table 6). This presentation allows transparency since it displays both negative 
and positive characteristics of the building. A special method for aggregating the 
indicator ratings to area or building levels has been proposed. To aggregate 
results from indicator to aspect (step 1), a worst-class principle is used, meaning 
that if there are two or more indicators for an aspect, the rating is decided by the 
indicator with the lowest rating. To aggregate results from aspect to area (step 2) 
it is suggested that at most half of the aspects in the area are allowed to have one 
rating level below the area rating. If a comprehensive building level result is 
demanded (step 3), again the lowest area rating defines the final building rating. 
This aggregation procedure guarantees that an A-rated building will not have 
significant deficiencies on any of the indicators included in the tool. A full 
description of the tool in Swedish can be found in Glaumann et al. (2008). 

                                         
3 ‘Phase-out substances’ are defined by the Swedish Chemicals Agency (see further Glaumann et al., 
2008) and principally corresponds to the term ‘substances of very high concern’ (SVHC) used within 
the REACH system. 
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6. DISCUSSION 

This last chapter summarises the most important findings of previous chapters 
and discusses these in a common context. By reflecting on the experiences 
gained in the EcoEffect and ByggaBo tool development projects in combination 
with studies of current practice, other tools and literature, more general 
conclusions and recommendations are drawn on such tool development 
processes. Finally, outlooks on the potential future developments in the field of 
tools for environmental building assessment are considered. 

6.1  Lessons from the papers 

The principal focus in most of the papers in this thesis was to establish 
trustworthy building environmental assessment tools and environmental 
indicators by stressing the environmental relevance and using systematic 
procedures. One objective was to determine how a high environmental relevance 
of environmental assessments can be achieved. Another objective was to suggest 
more systematic methods for considering theoretical and practical concerns 
when taking decisions on indicators and, in addition, to make these 
considerations more explicit. These objectives were mainly meant to serve the 
development of the EcoEffect and ByggaBo tools, but the technical elements 
and procedures developed in these tool development processes can also be used 
by other tool developers. In fact, the procedures suggested in Papers 2 and 3 are 
not only applicable to building-related issues but are universal, and can be 
applied for facilitating a logical argumentation about why certain aspects and 
indicators are selected in specific environmental evaluation tools, and why 
others are not.  
 
The procedures suggested in Papers 2 and 3 on aspect and indicator selection 
both build on the assumption that environmental relevance should be considered 
prior to practical considerations. For instance, Paper 3 recommends that aspects 
coinciding in several aspect selection approaches be included in the tool. In the 
next step, practical arguments can be discussed. Even though cost-efficiency 
sometimes must guide the choice of indicators, the evaluation criteria suggested 
in Papers 2 and 3 contribute to raising awareness of shortcomings and strengths 
of different indicators.  
 



 76 

The EcoEffect tool includes a number of features to strengthen the 
environmental relevance and accuracy of this tool which can also apply for other 
building tool developers. This concerns in particular the methods developed for 
calculating environmental impacts. As described in Papers 1 and 4, these include 
calculating environmental impacts per building user instead of per m2, using life 
cycle impact assessment (LCIA) methodology for calculating environmental 
impacts from energy and material use, the problem-based scope and the attempts 
to tackle the aspect of embedded hazardous substances in Paper 2.  
 
An additional contribution is to integrate the assessment of internal and external 
impacts, as done in Paper 4. This allows these two assessment areas to be 
viewed in parallel but without having to weight two completely different 
assessment areas. Paper 4 also suggests relevant reference values, which are a 
prerequisite when interpreting and communicating assessment results. In 
addition, Paper 4 suggests that in an aggregated indicator for external impacts of 
energy use in the Swedish setting, it may be sufficient to include only the impact 
categories climate change and ionising radiation risk. A strength with the 
EcoEffect software is that input data and calculations are entirely transparent. A 
rather unique feature of the EcoEffect tool is that all aspects possible to assess 
by asking the building users are measured through a special questionnaire for 
this purpose (Hult and Malmqvist, 2008). Finally, an LCC module is included in 
EcoEffect in order to communicate long-term effects of higher investments costs 
for environmental improvement measures. 

 
Paper 5, in contrast, takes the contextual perspective on environmental building 
assessments by discussing the context of internal management in property 
management organisations on a general level. The paper acknowledges the need 
for a combination of environmentally relevant technical indicators and 
managerial indicators. The performance-based EcoEffect and ByggaBo tools 
have an emphasis on what is referred to in Paper 5 as lagging technical 
indicators (OPI, Operative Performance Indicators). In fact, the indicator list in 
Paper 3 gives a wide range of examples of both technical and managerial 
indicators (MPI, Management Performance Indicators). Indicators referred to as 
‘indirect – preventive measures’ in this list are typical examples of ‘operational 
managerial indicators’ in Paper 5, which points out that managerial indicators 
are currently rarely used in property management organisations. Paper 3 here 
provides numerous indicator examples in building tools that could provide 
adequate input into internal management of such organisations. It is then 
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recommended that such managerial indicators be inserted into local action plans 
to evaluate the work done. Similar integrated approaches have been suggested 
by Lützkendorf and Lorenz (2006) and Kaatz et al. (2006). 
 
Cole (2006) raises the issue that new tools tend to build on previous tools and 
experiences. However, the variety of indicator types displayed in the indicator 
list of Paper 3 reveals that copying ideas seems not to apply on the indicator 
level. Rather, it is the structure of tools and in particular the rating construction 
with a ‘points system’ that seem to be components that have been copied in a 
number of tools.  
 
The evaluations of indicators in Papers 2 and 3 revealed a number of strengths 
and weaknesses with the kind of indicators that are used today in property 
management compared with the more problem-related indicators that it would 
be possible to use. This issue is also raised in Paper 5. The reason for not using 
more environmentally relevant indicators in property management organisations 
is that indicators are mainly based on practical concerns such as readily 
available data. Similar conclusions have been drawn both in general studies 
(Olsthoorn et al., 2001) and studies on property management (Brunklaus and 
Thuvander, 2002; Malmqvist, 2004), which also found that the routines for data 
collection are often poorly developed. However, if routines for data acquisition 
inside organisations are developed to become more cost-efficient, they can 
enhance the provision of data for better indicators (Schaltegger and Burritt, 
2000; Olsthoorn et al., 2001). Ongoing trends on improved databases and 
simulation tools in the building sector will stimulate such development. An 
example is Building Information Modeling (BIM), which supports software 
applications in which visual data are automatically transferred to the assessment 
in the form of figures (Hult, 2008). If a rating tool such as ByggaBo achieves the 
expected market impact, it will definitely support the establishment of better 
environmental databases in property management, something that can also 
support improved internal assessments.  
 
In practice, indicators that stimulate improvements of direct influence taken by 
property managers and/or building owners are generally favoured by these 
actors. However, these indicators are not always the most environmentally 
relevant. This dilemma is an important issue both with regard to indicator use 
for environmental performance evaluation in organisations and regarding the 
indicators to be included in building environmental assessment tools. All papers 
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in the thesis touch upon this issue. Papers 2 and 3 argue that indicators with high 
validity (environmental relevance) are favoured before indicators with low 
validity but high possibilities for the building owner to directly influence the 
outcome of the indicator. The results of Paper 4 indicate that the choice of 
energy source is more important than energy-efficiency for the resulting 
environmental impacts. It is therefore environmentally relevant to include the 
energy source in the assessment even though it sometimes lies outside the 
building owner’s direct influence to change it. Paper 5 concludes that the 
majority of the literature on environmental performance evaluation interprets 
significant environmental aspects as being under the direct control of the 
organisation. However, in a systems perspective, indirect environmental impacts 
due to organisational activities could be equally or more important to put effort 
in.  
 
Closely linked to this is the debate as to whether building environmental 
assessment tools should assess the potential performance based on the inherent 
building properties or the building in use. Paper 4 and Cole (1999) discuss this 
topic and conclude that the recommendations ought to depend on the assessment 
context. For building design, the tool naturally needs to be focused on building 
characteristics and in this context a life cycle perspective is essential since the 
choices made in the design process will influence the environmental 
performance over the building’s entire life-time. However, for internal 
management of existing buildings, assessment of buildings in use is generally 
more relevant since the property owner can work with a wider palette of 
improvement measures than just technical features. These may include tenant 
information and changes in operational routines (compare with Paper 5). Finally, 
for communication and marketing, there are many different potential target 
groups of the information and therefore the perspective of the assessment may 
need to be adapted to each specific group. 
 
To sum up this discussion, in the current situation more environmentally 
relevant indicators generally result in more problems with generating data and 
restrict the ability of the building owner to directly influence the outcome of the 
indicator assessments. On the other hand, the argument put forward here is that 
it is not the practical side only that should determine how environmental 
assessments are made, which is often the case in practice. 
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6.2  Reasons for and consequences of methodological 
choices in comprehensive tools 

EcoEffect and ByggaBo are both comprehensive tools, i.e. meant to cover all 
significant environmental aspects related to buildings. They are both general, i.e. 
meant for a number of different applications. In addition, they are mainly 
performance-based, thus mostly omitting indicators that describe potentials or 
procedures that do not necessarily imply a better environmental performance. 
Nevertheless, the two tools display a number of differences (Table 8) that allow 
discussion about the reasons for methodological choices in the tool design 
process and the consequences of such choices.  

Table 8.  Main differences between the EcoEffect and ByggaBo tools 

 EcoEffect tool ByggaBo tool 

 

Contextual aspects 

Expected market introduction Vague. The tool was primarily 

developed for guiding future 

potential demands on 

environmental information 

related to buildings. 

Clear, as soon as possible. 

Applications of the tool Numerous options including the 

separate use of individual 

modules of the tool. 

Only one way of making the 

whole assessment. 

Tool-maker Researchers, guided by a 

project board. 

Researchers, but the initiative 

came from the building industry. 

 

Methodological aspects 

Number of indicators Many.  Few.  

Assessment result Numerous types of assessment 

results. 

One single rating result for the 

different assessment areas. 

Weighting method Damage-based, calculated 

weights are optional but 

unweighted results are also 

presented. 

Aggregation method mainly 

guided by the worst indicator 

rating. 
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The ByggaBo tool had high expectations for immediate market introduction and 
wide dissemination. As a consequence, a guiding goal was to keep the costs for 
an assessment as low as possible. This was later manifested in delimiting the 
tool content to a few indicators. Such prerequisites were absent in the EcoEffect 
project, which therefore has a large coverage with more detailed assessments,  
which is comparable to most internationally well-known building environmental 
assessment tools. However, since the EcoEffect tool is no pure rating tool, 
individual modules of the tool can be used for specific applications or particular 
interests. For example, the EcoEffect tool covers outdoor aspects and 
production-related environmental impacts from construction materials. This 
material module is of interest in applications for new buildings, but can be 
omitted when assessing old buildings, as done in Paper 4. Similarly, this 
assessment of construction materials was omitted in the ByggaBo tool due to the 
focus on assessment of existing buildings. However, in the later stages of the 
ByggaBo project it became clear that the strongest driving force at present for 
using the tool is as a design tool to achieve highly rated new buildings. Similar 
experiences with other tools have been observed by Cole (2005). To avoid 
unwanted steering effects if used as a design tool, the ByggaBo tool should 
probably be extended to include extra indicators for the design application.  
 
The EcoEffect tool was initiated by the research community, whereas the 
ByggaBo tool was largely initiated by the building sector through the Building, 
Living and Property Management for the Future dialogue (ByggaBoDialogen, 
2003a). This slight difference resulted in quite large differences in the tool 
design processes. In the EcoEffect project the researchers were somewhat freer 
to let current practicalities regarding data availability play a subordinate role. 
Instead, the tool could devise future issues to which practice could adapt. The 
ByggaBo tool, with an immediate expected market introduction, needed to be 
adapted to the current potentials of the building sector with regard to e.g. the 
work effort of collecting input data. On the other hand, as a whole the research 
team in the ByggaBo project could design the work freely, whereas the 
EcoEffect research team had to consider comments or decisions taken by the 
project board. 
 
Both tools were meant to be comprehensive, but the efforts to minimise 
complexity in the ByggaBo project resulted in different approaches to the 
environmental assessments in the two tools. A life cycle perspective was 
considered important in both projects. However, in the EcoEffect project it was 
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seen as more essential since the main goal was to develop a more 
environmentally relevant and trustworthy tool than those already existing on the 
market at that time (in particular BREEAM). The EcoEffect tool was thus 
developed to cover all life cycle stages of a building, from the environmental 
impacts caused by the material production, including the operation phase and the 
end-of-life of the building, with the help of life cycle impact assessment (LCIA) 
methodology. In contrast, in the ByggaBo project, previous results from LCAs 
of buildings were used to suggest a ‘good enough’ indicator related to 
environmental impacts caused by the energy use of the building. The ByggaBo 
tool is thus an indicator system which provides information about whether the 
building performs well or poorly. The EcoEffect tool, on the other hand, enables 
the study of results in many different ways and for many different levels of 
information. It provides both information on the actual environmental impact 
caused by the building and whether the building performs well or badly.  
 
As indicator system, the ByggaBo tool is no different to other tools like LEED, 
BREEAM, GBTool/SBTool, etc. However, it is much more compact and 
includes performance-based indicators to a higher extent than many similar 
tools. Another important difference is the method for aggregating indicator 
results to a single rating. Similar foreign tools have been widely criticised for 
their ‘points systems’ since weightings are often set on unclear grounds, 
affecting the final results too much and supporting ‘points-chasing’ (Cole, 2005; 
Humbert et al., 2007; Ding, 2008; Wallhagen et al., 2008).  In the ByggaBo 
project, a ‘points system’ was on the agenda. End-users influenced by the 
BREEAM and LEED tools claimed that a ‘points system’ more easily addresses 
the significance of individual indicators and choices made in a design process 
(Hult, 2008). In the end, an aggregation method was suggested such that an A-
rated building needs to perform well on all indicators. All aspects included are 
thus regarded as significant.  
 
This stands in contrast to the EcoEffect tool, which includes many more 
assessment aspects. Aspects of lesser significance are thus also included, and 
their level of significance is instead handled by designating different weights to 
the aspects when calculating aggregated results. In the EcoEffect tool a damage-
based weighting method was developed, providing different weights to different 
aspects depending on their significance (Glaumann and Malmqvist, 2005a; 
Glaumann et al., 2007; Assefa and Glaumann, 2008). This is an example of two 
different methodological options when designing such tools. Both approaches 
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tackle the issue of addressing the significance of aspects, unlike the rating tools 
in which all aspects are assigned the same maximum score. 
 
To sum up, contextual aspects have played a more important role in the 
development of the ByggaBo tool than of the EcoEffect tool. In this sense, the 
EcoEffect and ByggaBo tools can be seen as representing the two different 
cultures mentioned by Cole (2005): ‘those that are uncompromising in their 
search for accuracy and precision in describing and reporting results and those 
that are shaped by the reconciliation of a number of stakeholder interests’ (Cole, 
2005, p. 463). However, in both tool design processes, a number of issues were 
controlled by the researchers without considering contextual aspects in order to 
‘guarantee’ a certain level of accuracy and robustness of the tools. Main 
examples include the aggregation and weighting methods, letting environmental 
relevance dominate the content of the tools and the performance orientation. As 
shown in Papers 2 and 3, aspects other than environmental relevance often seem 
to have played an important role in the final content of well-known international 
rating tools. Accordingly, the tools that have been commercially successful to 
date mainly focus on simplicity, practicality and cost-effectiveness (Cole, 2005). 
LCA-based tools have not yet gained acceptance on the market (Brick, 2008). 
The design of the ByggaBo tool provides an example of options to enhance the 
environmental relevance and accuracy of simplified market-based tools. 

6.3  Reflections on tool design processes 

In theory, it is desirable for tool design processes to be closely connected to the 
expected decision context of the tool (e.g. Wrisberg et al., 2002). However, in 
both the EcoEffect and ByggaBo projects it was quite evident that this idea is 
often an ideal aspiration. In order to manage these large R&D projects, a wide 
group of stakeholders had to participate. Diverging views in these stakeholder 
groups about the expected outcome were common and therefore many different 
ideas on potential applications guided the projects, not a single one.  
 
One example is the discussions about the content of the ByggaBo tool. Some 
stakeholders strongly pressed for some aspects such as daylight conditions to be 
included. An important argument raised was that it would increase the interest in 
using the tool since daylight conditions are important to building tenants and 
residents. Others made very clear that it should not be part of the rating. This 
discussion also exemplified the process of balancing scientific and practical 
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concerns. The process described in Paper 3 more or less formed the foundation 
for the researchers’ proposal of IEQ aspects to be included in the tool. When 
handed over to the user group, other arguments than environmental relevance 
generated small changes in the proposal. Thus, the systematic approaches 
described in Paper 3 became guiding but not finally determining.  
 
Such examples show that participatory approaches inevitably raise different 
viewpoints, as in e.g. the GBTool development process described by Larsson 
and Cole (2001). Their experiences were that practitioners preferred qualitative 
descriptions, whereas researchers preferred more objective, measurable 
indicators. Practitioners wanted the tool to be used in practice, whereas 
researchers saw the development of the GBTool more as a process for 
discussing methodological choices, etc. LCA methodology was perceived as 
much more interesting by the researchers than the practitioners.  
 
Dammann and Elle (2006) shed some light on different viewpoints often 
revealed in similar development projects. They identified four different frames 
or understandings of what constitutes ‘good’ environmental indicators for 
buildings. These four frames more or less correspond to the actor groups 
politicians/administrators, researchers, architects and lay-persons. Each of these 
groups has different ideas on for instance the definition of a relevant 
environmental indicator, the environmental focus of the indicators and their 
characteristics. In addition, all these groups have different goals for using the 
indicators and consequently have different demands on indicator characteristics. 
 
The features described above include typical elements concerning stakeholder 
participation in transdisciplinary work, such as knowledge production in the 
context of practice, the problem of addressing multiple actors’ points of view 
and the need for transgressing disciplinary borders and method traditions 
(Nowotny et al., 2001). In addition, the research team of the EcoEffect project 
was hand-picked and more easily agreed on a common target than the ByggaBo 
team. On the other hand, the research team was larger and more interdisciplinary 
in the latter project and in the end the team was able to agree on a common 
proposal for the tool. This process was extremely time-consuming and many 
compromises had to be in the disciplinary cultures of the respective researchers. 
However, it can be argued that this process contributed to the evolvement of 
increased understanding, credibility and acceptance of the tool.    
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6.4  The future of environmental building assessments  

The process of market introduction and implementation of tools and indicators 
discussed in this thesis is progressing slowly. For instance, to this date 2400 
buildings/20 million m2 have been certified by the most widely used Swedish 
tool Miljöstatus (Miljöstatusföreningen, 2008). Development of the EcoEffect 
tool started back in 1998 (Glaumann, 1999) but tools based on life cycle 
methodology are still used very rarely in Sweden (Brick, 2008). So far, the 
GBTool (now SBTool) has only been used for R&D purposes even though it 
may have played a role in inspiring the development of national tools (Larsson 
and Cole, 2001). What are the contributions then, so far? 
 
The initiatives on building assessment tools originate from the belief held by the 
research community and by authorities that performance rating could play a 
significant role in driving market transformation towards higher building 
performance (Larsson and Cole, 2001; Sundkvist et al., 2006). One important 
contribution is that such tools serve to identify better practice than current legal 
requirements (Larsson, 1999) and to provide baselines and references for highly 
performing buildings. In addition, experience shows that a secondary pertinent 
benefit of building assessment tools is that they can encourage a dialogue 
between the different stakeholders of a building project (Cole, 2005; Kaatz et 
al., 2006). There are also additional potential outcomes on a societal level, such 
as serving as a means to reach environmental goals posed by society and to 
evolve the practice and culture in the building industry. However, so far there 
are few studies on the actual contributions of such tools since they have only 
been applied to a small extent. 
 
To date, building environmental assessment tools have mainly been used by 
primary tool users such as building owners/managers, designers/architects, 
consultants, and in a few examples, urban planners. Potential secondary users of 
the information provided, such as purchasers/investors, occupants, authorities, 
do not often demand this data at present. According to Sundkvist et al. (2006), 
the Swedish building industry experiences a number of drivers for performing 
environmental rating of buildings: marketing (purchasing requirements, market 
advantages), regulations (to show voluntary initiatives in order to avoid 
legislation), mandatory energy declarations, political demands from public 
owners, internal demands (improvements in the context of environmental 
management systems, sector commitments) and profound environmental 
concerns. It is evident that at the time of this study, the described drivers for 
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higher integration of environmental assessments in daily practice were still 
rather weak.  
 
Cole (2005) and Lützkendorf and Lorenz (2006) raise a number of emerging 
trends that may reinforce drivers. In a few countries, building assessments are 
beginning to be mandatory. One example is the Code for Sustainable Homes in 
the UK (Department for Communities and Local Government, 2007) which is 
mandatory for all new single family homes after 1 May 2008 (BREEAM, 2008). 
In addition, there are emerging examples from around the world of authorities 
and other actors demanding information that can be provided by building 
environmental assessment tools (Cole, 2005; Lützkendorf and Lorenz, 2006), for 
instance to provide subsidies or reduced interest rates on loans (Lützkendorf and 
Lorenz, 2007; Peuportier et al., 2008). A few studies published in recent years 
also show the economic benefits of environmentally high-performing buildings. 
Two large American studies have concluded that environmentally certified 
(LEED or Energy Star) buildings could take out 2% more in market rent per 
square foot compared with similar commercial buildings in the same area 
(Eichholtz et al., 2008) and that investment of an extra 0-2% in sustainable 
building can result in life cycle savings of 20% of the total construction costs 
(Kats et al., 2003). The Royal Institution of Chartered Surveyors has concluded 
that the relationship between market value and superior environmental building 
performance is currently beginning to be apparent (RICS, 2005). Such 
developments will naturally lead to reinforced internal drivers within the 
building industry and to higher recognition by financial and insurance sectors. 
Lützkendorf and Lorenz (2006) conclude: ‘there are now several groups of 
actors (banks, rating agencies, advisors and valuers) that will soon fully detect 
their need for robust building assessment results’ (Lützkendorf and Lorenz, 
2006, p. 341). Finally, another future issue is the expected trend towards 
sustainability assessment, i.e. integrating social and economic issues into the 
same assessment (Cole, 2005; Kaatz et al., 2006; Lützkendorf and Lorenz, 2006; 
ISO, 2008).  
 
The trends described place new demands on building assessments. For example, 
extended use for communication and marketing requires more transparency and 
credibility (Crawley and Aho, 1999; Lützkendorf and Lorenz, 2006). 
Lützkendorf and Lorenz (2006) argue on the one hand that comprehensive 
assessment tools need to become more robust and trustworthy. On the other 
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hand, the assessment process and presentation of results have to become 
simpler.  
 
Common criticisms of well-known rating tools include the drawbacks of the 
‘points systems’, lack of equal significance concerning different credits, lack of 
transparency, too much focus on simplified quantifications, innovation-
hindering effects due to feature-based indicators and the doubtful relevance of 
making national adaptations of the BREEAM and LEED tools (Crawley and 
Aho, 1999; Glaumann et al., 1999; Cole, 2005; Lützkendorf and Lorenz, 2006; 
Humbert et al., 2007; Ding, 2008; Myhr, 2008; Wallhagen et al., 2008). These 
criticisms are not surprising since experience shows that factors for success in 
market implementation to date are the organisational and market context along 
with the financial and political support the tool receives, rather than the 
technical features and rigour of tools (Cole, 2006). The EcoEffect and ByggaBo 
tools and the approaches suggested in Papers 2 and 3 are all examples of 
reactions to this type of criticism, i.e. they aim to improve the environmental 
relevance and accuracy of building assessments. 
 
Moreover, comprehensive, trustworthy and detailed tools are necessary in order 
to identify the hotspots and thus to make trustworthy simplifications, which is 
also necessary if expanding the scope to sustainability assessment. Brick (2008) 
provides an example of how the Swedish LCA-based Environmental Load 
Profile can be simplified by omitting input data known to have a subordinate 
role in real-life case studies. Paper 4 provides another example of how impact 
categories can be omitted in aggregated indices for simplified communication of 
comprehensive assessment results. The ByggaBo rating tool can also be 
regarded as such an example and the tool can also be seen as a response to the 
criticism that current, complex tools give bad guidance on significant 
environmental aspects (Ding, 2008). Accordingly, there is a need for parallel 
development of comprehensive, environmentally relevant and accurate 
assessment procedures on the one hand and more easily applied assessments on 
the other. The first category, e.g. the EcoEffect tool, can then provide the second 
category, e.g. the ByggaBo tool, with possible priorities and simplifications on 
more scientific grounds. Lützkendorf and Lorenz (2006) suggest that future tool 
developments may combine complexity and user friendliness. The EcoEffect 
tool possesses this potential but has yet not managed to establish a user interface 
with low demands on the tool user.  
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Even though the EcoEffect and ByggaBo tools take important steps towards 
environmental relevance and robustness, there are still environmental aspects 
that are neglected, in particular land use assessment. In addition, impacts related 
to material use, such as reuse/recycling potentials and assessment of embedded 
hazardous substances may need further development. The accuracy and 
precision of the tools has yet not been tested to much extent, nor has their 
contribution to unwanted controlling influences. 
 
This thesis centred on the technical content and characteristics of tools and 
indicators. However, if tools such as ByggaBo and EcoEffect or the 
indicators/assessments they can provide are to be more widely used, much more 
emphasis needs now to be placed on contextual aspects and on tailored 
adaptations to specific user groups (Cole, 2005; Kaatz et al., 2005). The 
technical improvements are important, but a pertinent contribution of 
environmental building assessments can also be that they encourage a vital 
discussion of sustainability concerns, affect mental modes and stimulate 
innovation (Robinson, 2004; Kaatz et al., 2005; 2006). Consequently, such 
assessment tools need to be better integrated into the normal working procedures 
of primary and secondary users and environmental management practice.  
 
For example, much of the environmental performance evaluation in 
organisations has been directed towards external communication to engender 
public trust (Power, 1999). However, for environmental performance evaluation 
to be a tool for driving environmental improvements in organisations it must be 
more directed towards use in internal management. Paper 5 discusses this 
context-related issue in greater depth and shows that perspectives from 
organisation theory shed some light on understanding the sometimes simplified 
interpretations in environmental literature of operational and managerial 
environmental indicators. 
 
Another interesting example is the development potentials of merging 
environmental building assessments with the assessments made by different 
secondary users. Lützkendorf and Lorenz (2007) describe initial efforts to 
integrate knowledge of the sustainable building community with the financial 
sphere, one example being the refined risk assessments and property ratings 
currently necessary in the banking and investment industry in order to meet with 
new legal requirements. They regard this as an example of an interesting 
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opportunity for integrating experiences from building tools with working 
procedures in the banking industry. 
 
Finally, for tools like the ByggaBo and EcoEffect to become more widely 
implemented, the issue of the party responsible is of importance. International 
reviews show that the most successful tools to date are operated by so-called 
environmental building councils. These organisations are both market orientated 
and have strong links with the building and construction sectors and with 
research. Individual consultants and research institutes have proved less 
successful and official authorities have so far not been much involved with 
similar voluntary initiatives. 
 
To date, the improvement of technical features of tools has dominated the 
research community engaged in tool development for environmental building 
assessments (Cole, 2005). The majority of topics raised in this thesis are typical 
examples of this tradition. Such improvement is still important in creating better 
tools and supporting the trustworthiness of the tools. If the assessment results of 
such tools are used by secondary users to a higher extent, for instance to be 
linked to economic incentives, the robustness, precision and trustworthiness 
become even more important since juridical aspects also have to be considered. 
The integration of such theoretical and technical improvements of these tools 
with in-depth contextual discussions for specific applications is now an 
important emerging prospect in this field. 

6.5  Future research topics  

There are a number of conceivable applications for environmental assessment 
tools for buildings that are interesting to develop if these tools are to generate 
the market transformation effects that were initially outlined. The main areas of 
application for these tools as described in the background of this thesis are 
commented on in the following.  
 
As regards internal management in property management organisations, further 
research can build on recommendations and issues raised in Paper 5 of this 
thesis. Building environmental assessment tools could provide input on potential 
environmental performance indicators to be used in different contexts of the 
internal management processes. A number of Swedish in-depth studies on 
environmental practice in property management organisations (Svane, 1998; 
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Nilsson, 2003; Malmqvist, 2004; Brunklaus, 2005) are currently becoming out-
of-date and should therefore be revised, since environmental management has 
been a changing landscape in recent years. One important topic in this context is 
to explore how existing databases in these organisations can provide building 
assessments with data. Examining how tools such as ByggaBo can contribute in 
driving internal environmental performance in such organisations is also 
relevant. For example, it would be interesting to study the concrete improvement 
measures an improved rating would stimulate for different building types and 
whether there is a need for economic incentives and means of control that can 
motivate the organisations to work for improved building ratings. 
 
The LCA-based tools such as EcoEffect have not yet gained wide acceptance as 
design tools. One reason is the problematic issue of lack of data in early design 
phases. A number of ongoing projects address this issue (e.g. Peuportier et al., 
2008) which are interesting to follow. Developing compatibility between 
different softwares, such as relating Building Information Modeling (BIM) to 
environmental assessments, is definitely an issue that will help incorporate more 
of a life cycle perspective into the design process. Experiences in the 
development of the ByggaBo rating tool clearly show that there is a great 
interest in this tool among architects, building producers and property 
developers. The current version of the ByggaBo tool should therefore be adapted 
into a design tool in order to stimulate the design of highly rated buildings. 
Another potential development of such tools would be to incorporate aspects of 
localisation (e.g. transport generation, ecosystem and biodiversity impacts, 
climate adaptations) in order to use them or link them to tools for sustainable 
city developments. The Swedish Environmental Load Profile (ELP) tool 
(Forsberg, 2003) is already being used in this context, but it does not cover all 
important areas of concern. 
 
Finally, developing such tools further for more specific communication and 
marketing situations probably has a high potential. Secondary users of the 
information provided by these tools have so far played a subordinate role in the 
development of building environmental assessment tools in all nations 
(Lützkendorf and Lorenz, 2007; Ding, 2008). If banks, insurance companies, 
investors, authorities and other potential secondary users are to provide 
economic incentives that can be connected to the tools, their marketability will 
rise significantly. To achieve this, there is a need to establish selected, specific 
projects in which competence within sustainable building assessment is merged 
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with assessment and valuation competence in secondary user organisations. One 
potential development is most certainly that individual modules of accepted 
building tools can be used for specific purposes by secondary users.  
 
Such contextual developments would probably benefit from the use of a 
transdisciplinary research approach. Such projects could therefore also serve as 
input to methodological development of this research approach which will 
certainly play a more important role in the future. In all these above-mentioned 
applications, there is a close connection to sustainability assessment. So far, the 
tools discussed in this thesis in particular cover ecological sustainability. 
However, the integration of other sustainability concerns in different decision 
contexts in relation to building environmental assessment tools is definitely an 
emerging and challenging issue. 
 
The use of tools for environmental building assessments is currently increasing 
but is still at a proportionately low level. As a result, the effects of these tools 
are still quite unexplored. Do they contribute to profound environmental 
improvements, innovation, in-service training and economic benefits? Do they 
have the intended and desired guiding effects? Are they used and are the results 
interpreted in appropriate ways? Such issues are still not much discussed, but are 
very relevant to address in future works centred on more practical experience of 
these tools.  
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