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ABSTRACT

The built environment contributes extensively te thverall environmental
impact of society. An increasing number of toolsvéndeen developed world-
wide for comprehensive environmental assessmentratity of buildings in
order to make the building sector more sustainalilese tools are expected to
drive and facilitate future environmental improvert®e and market
transformation in the sector. This thesis explodi$erent methodological
aspects regarding tool design using experiences ftwo large Swedish
projects, the EcoEffect and ByggaBo tools, whiclhram@eveloped with a high
level of stakeholder participation in order to Hepeactical use in the building
sector.

The methodological aspects explored and discussediticlude an approach for
systematic selection of assessment aspects (enadpgr air quality, etc.) in
tools (Paper 3) and a systematic procedure forctsede practical indicators
using theoretical (e.g. validity) and practicalg(ecosts) criteria (Papers 2 and
3). An approach for simple communication of complesults is presented with
examples from 26 multi-family buildings (Paper Zhis approach allows a
building’s ‘environmental efficiency’ to be presedtin one diagram, without
weighting the two distinct assessment areas enengg and indoor
environmental quality. Paper 5 discusses the ctméissue of internal use of
environmental indicators in property managementouph reviews of
environmental performance evaluation and orgamisatheory literature and
comparisons with actual case studies. The EcoEffegper 1) and the ByggaBo
tools are also summarised and compared.

The case studies of real buildings and experiericea the EcoEffect and
ByggaBo projects allowed data collection, calcolatprocedures and different
practical applications of such tools to be evaldatBoor data availability
sometimes limits assessments, and improved intenmaines and database
developments in the building sector would allow enoeliable environmental
assessments.

Reviews of numerous indicators in Paper 3 (andn®) laerature revealed that
environmental relevance was not a key aspect whgrerd environmental
performance indicators and building rating toolsraveonstructed. This thesis



suggests that environmental relevance and systemaicedures be prioritised
in order to provide robust and trustworthy toolsdavironmental assessment of
buildings. Recommendations, some of which are igdigeapplicable to other
environmental assessments, include selection ofir@mentally relevant
indicators, systematic procedures for handling rbigzal and practical
considerations in tool development, aggregationwaeighting methods, use of
a life cycle perspective and inclusion of perforeeibased rather than feature-
based indicators. Since it is likely that the imfation these tools provide will
increasingly be used by authorities, consumershao@ incentive providers
such as banks, etc., the methodological develommenggested here to
strengthen tool rigour are important for futurel tdevelopment processes.

Key words: environmental assessment, buildings, |, toenvironmental
performance, property management



SAMMANFATTNING

Utvecklingen av verktyg for miljobedémning av byggier ar ett omrade som
expanderat kraftigt sedan 1990-talets bdrjan. Dieende medvetenheten om
den byggda miljons omfattande bidrag till samhalletljopaverkan i stort har
spelat stor roll for denna utveckling. Verktygemnvi@ntas ha en betydelsefull roll
i att driva pa och underlatta miljoforbattringarhoomdaning av marknaden i
bygg- och fastighetssektorn. Denna avhandling skfr olika metodaspekter
for verktygsutveckling och bygger pa erfarenhetefrém tva stora svenska
metodutvecklingsprojekt for miljobedémning av bygder, EcoEffect och
ByggaBo:s miljoklassning av byggnader. Bada dessektyg togs fram i
samarbete med ett stort antal representanter figg-toch fastighetssektorn, da
verktygen syftade till praktisk anvandning.

Ett antal metodaspekter utforskas och diskuteraghiandlingen. | artikel 3
foreslas och testas ett angreppssatt for systekhatigal av miljoaspekter som
ska bedomas av ett verktyg och dessutom foreslésotia i artikel 2 ett
systematiskt tillvagagangssatt for att valja inttkar for praktiskt anvandning
utifran bade teoretiska (t ex. validitet) och pisa (t ex. kostnad) kriterier. Ett
angreppssatt  for att underlatta  kommunikation av mgexa

miljobeddmningsresultat presenteras genom exenrgal 26 flerfamiljshus i
artikel 4. Detta angreppssatt mojliggor att redavien byggnads
‘miljoeffektivitet’ i ett diagram utan att behdvaikia de tva disparata
miljoaspekterna energianvandning och innemiljo.ik&it5 tar upp anvandning
av miljoindikatorer for internt arbete i fastigh@iwvaltande organisationer
genom litteraturéversikter inom omradena utvarderav miljoprestanda och
organisationsteori samt genom jamférelser med skekifallstudier. Verktygen
EcoEffect (artikel 1) och nuvarande version av BBgs

miljoklassningssystem sammanfattas ocksa och jannf@rhandlingen.

Genom ett antal fallstudier av verkliga byggnadeh erfarenheterna fran
EcoEffect- och ByggaBo-projekten utvarderas fragmm insamling av indata,
berékningsmetoder och olika praktiska tillampningaavhandlingen. Dalig
tillgang pa indata begransar ibland mojligheterttagara miljobedémningar.
Forbattrade interna rutiner samt utveckling av myper av databaser inom
bygg- och fastighetssektorn kommer med stdrsta ddikhet att underlatta
miljdbeddmningar i framtiden.



Granskning av ett stort antal miljdindikatorer ikl 3 (och 2) och litteratur pa
omradet visade att nar miljdindikatorer och milggsningsmetoder tagits fram,
har miljorelevansen hos dessa sallan haft hogatatpt. Ett dvergripande mal
for denna avhandling har darfor varit att bidra melkbmmendationer som kan
starka miljorelevansen och trovardigheten hos hkigaindikatorer och verktyg.
Nagra av de angreppssatt som foreslas ar tillampligr generellt ocksa for
andra typer av miljobedomningar; t ex. hur milj@rgnta miljéindikatorer kan
valjas, hur bade teoretiska och praktiska Gvervdgankan hanteras pa ett
systematiskt satt vid liknande verktygsutvecklinggreppssatt for viktning och
aggregering av resultat samt anvandning av ettcykedperspektiv. Vid
miljobedémning av byggnader bor ocksa funktionstee indikatorer i forsta
hand véljas snarare an sadana som baseras paksptadihiska utforanden. En
trolig utveckling ar att nya typer av anvandar¢or® utstréackning kommer att
efterfraga den information som miljobedémningswegkfor byggnader kan
tillhandahalla. Det kan handla om t ex. myndigheteskopare och ekonomiska
incitamentsgivare sasom banker. Av denna anleddingle fragor som ror
metodutveckling och tas upp i avhandlingen, klatyldelsefulla for att starka
noggrannhet, robusthet och trovardighet i framtidaveckling av
miljobeddmningsverktyg for byggnader.
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PREFACE

My reasons for writing a buildings-related PhD teesem from the time when |
completed my MSc in Environmental Science and beganwork as
environmental manager in Swedish municipal housmmgpanies. This was at a
time when ISO 14001 had just been introduced andnay task was therefore
to perform environmental reviews and build up emwmental management
systems in a number of Swedish housing companitter A few years | was
contacted by Mauritz Glaumann, who became the sigmerfor my PhD studies
at the Royal Institute of Technology in StockhoKTH).

My work at KTH has naturally been affected by tleseaarch environment in
which | have worked. | have been employed at twostins at KTH. During
2001-2006 | worked at the Division of Built Envinment Analysis and since
then at the Division of Environmental Strategies&sch. The Division of Built
Environment Analysis was mainly composed of arcdtsieand focused on
studying the relationships between people, enviemtmand the built
environment. The research was often normative, diatemproving buildings
to better suit the people using them. ResearcheabDivision of Environmental
Strategies Research is also often normative, simarey studies are intended for
use as decision support for policy measures antikineThe main methods used
at the latter Division are environmental systemsalysis and scenario
development. Although both divisions are intergp8oary, studies in Built
Environment Analysis can often be said to belongthe social sciences,
whereas many studies in Environmental Strategiese&eh are more natural
science-orientated.

In 2004 | presented my licentiate thesis (Malmqvig004), which was
influenced by my work at the Division of Built Emgnment Analysis. It
consisted mainly of a study based on in-depth weers with environmental
managers in property management organisationsdditien, it tested some
approaches for how indicators generated by theciptes of the EcoEffect tool
could be used in the internal management of sughnisations. The thesis was
written in Swedish in the form of a monograph ahd material was almost
completely different to that presented in the auriehD thesis. Thus, to clarify,
this PhD thesis consists primarily of new reseangterial and focuses less on
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the organisational relevance of building assessn@ols and more on their
technical content.

The thoughts and texts presented in this thesis tiair origin in the two major
research and development projects in which | ppdted during my years at
KTH. These were the EcoEffect project, aiming atsigieing a very
comprehensive environmental assessment tool fadibgs, and a Swedish tool
for environmental rating of buildings, referredhereafter as the ByggaBo tool.
| was highly involved in both projects, particularin parts concerning
applications for existing buildings and indoor eowment quality. The two
projects have resulted in a wealth of data on @hffe approaches for tool
construction, tests of the tools on different rdalildings, stakeholder
participation and studies of other tools. All thesperiences finally enabled me
to take a broader look at what we have done, aisdctvering essay hopefully
provides some useful lessons for future researdidamelopment in the area.

Finally, these experiences were gained in closeoparation within the

respective research teams and special acknowledgeésrtberefore given to my
colleagues in the projects. In the EcoEffect projdtese were: Mauritz
Glaumann, Marie Hult, Getachew Assefa, Beatricedémbe, Ulla Myhr and

Therese Malm. In the ByggaBo project they were: Aseenfelt (formerly

Sundkvist), Géran Finnveden, Mauritz Glaumann, HReléVintzell, Martin

Erlandsson, Per-Olof Carlson, Torbjorn Lindholm, r-Gdran Malmstrom,

Johnny Andersson and Ola Norrman Eriksson. In exglit would like to thank

all those representatives of stakeholders who quaated and actively
contributed to these projects. Finally, | am gnaltéd the Swedish Research
Council Formas, the Lars Erik Lundberg Scholarshipundation and the
Swedish Energy Agency for funding my doctoral stsdi
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1. INTRODUCTION

This introduction describes the starting pointstiois thesis, the aims and
objectives as well as definitions on a few essetaras.

1.1 Starting points

Environmental assessment of buildings has beemaargeng field during the
last decades involving both practitioners and aceale(Cole, 2005; Kibert,
2005). The increasing awareness of the extensiverilbations of the built
environment to society’s environmental impact aghale has been essential for
this development. To reduce the environmental ingaf new and older
buildings, tools for evaluating and assessing g@kempacts, performance and
improvement potentials, are seen as useful.

An important trend is the increasing number of $oaforld-wide that aim at
making comprehensive environmental assessmentsildifigs. Main, expected
application areas for these tools include intern@nagement of existing
buildings, design guidelines and market commurocat{Crawley and Aho,
1999). The wide flora of tools (see e.g. Sundkestal, 2006; Ding, 2008)
explicitly shows that a variety of methodologicadpeoaches are used when
developing such tools, for instance criteria-basedlife cycle-based tools
(Forsberg and von Malmborg, 2004).

Cole (1999) makes a division into four key compdsadar all kinds of building
environmental assessment tools: assessment madoieng, calculations, etc.),
input module (data generation from the assesseltlifg), output module
(presentation of results) and explanation of resfittterpretation of the results,
e.g. labelling). For all components, methodologabices are an essential part
of tool development. More specific methodologicsppects include e.g. choices
with regard to assessment area, type of indicatasa retrieval methods,
calculation procedures, criteria setting, weightprgcedures, presentation of
results and interpretation (Cole, 1999; Cole andss@n, 1999). In the ideal
situation, all these choices are based on bothnt#oie and practical
considerations, in relation to the intended appbca However in reality,
practical considerations are generally given greagmphasis when
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environmental assessment approaches are beingogdedefor practical use
(Olsthoornet al, 2001; Wrisberget al, 2002; Cole, 2005).

Since the structure, content, communication of Itesuetc. of various
assessment tools (if widely used) will influenceviesnmental practice,
technological development and perceptions about Iudding sector’'s
environmental problems, critical reviews on metHod®s and method
improvement are clearly relevant tasks for resesstitutions.

The framework for this thesis is thus comprehensireironmental assessment
of buildings and the actual content summarisesspafttwo R&D projects
concerning method development for environmentatssaent of buildings: the
EcoEffect tool (Glaumann and Malmgvist, 2007) aheé ByggaBo tool, a
Swedish environmental rating tool for buildings éGiannet al, 2008). The
aim of both projects was to develop and suggestswhy assess the
environmental impacts/performance of buildings ttaild be used in practice
for decision-making by relevant parties — archggptoperty managers, building
owners, developers, etc. This is an important istartpoint, since
methodological choices then involve balancing enwvinentally relevant
content, systematic and trustworthy assessmenteguoes and practical
considerations.

1.2 Aims and objectives

The main aim of the thesis was to contribute to dheelopment of tools for
environmental assessment of buildings. The pointdeparture was the
experiences gained in development of the EcoEfead ByggaBo tools.
Lessons for such tool developments on a more geteral were sought by
combining these experiences with data from thealitee and analyses of other
such tools and tool development processes. In iaddithe thesis aimed to
explore a number of methodological aspects relangols and indicators for
assessing the environmental impacts/performance bafdings. Specific
objectives were to:

 Discuss and develop different methodological apgrea for

comprehensive environmental assessment of buildiRgpers 1, 4 and
this covering essay)
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» Devise and discuss possible approaches for sajessnes to be assessed
in comprehensive assessment tools (Paper 3)

» Devise and discuss indicator selection procedurasdre based on both
scientific and practical considerations (Papera@3)

» Scrutinise the selection of indicators in currenvieonmental building
assessment tools (Papers 2 and 3)

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

» Explore the possibility of calculating environmdhtaelevant indicators
for use in practice (Papers 2 and 4)

* Investigate significant components for relevant amadeaningful
environmental indicators for internal managementppses in property
management organisations (Paper 5)

1.3 Terminology

In the body of literature covering environmentatessment of buildings, the
termsmethod, toohnd more seldomaystenor schemeare used in parallel. Tool,
is undoubtedly the most frequently used term. is tiesis, the terrool is thus
used for any named approach for environmental imgjldssessment, such as
EcoEffect, LEED, BREEAM, CASBEE, etc. Tools arerimsically developed
for practical use, in contrast to tihesearch method®r building assessments
used for academic discussions or theoretical methodshat may form the
basis for a tool. However, such methods are alfgwresl to as tools in much of
the literature. In order to make a distinction frahe term tool,method is
consistently used in this thesis for the above-maetl research and theoretical
methods.

In the literature, building tools are also refertedas assessment and/or rating
tools. In this thesis, the terassessment is used as the broad term, whereas
rating applies to tools in which the assessment is agtgdgato a single rating
score for a particular building.

The assessed content in building tools is givenaraos terms in the literature.
Assessment areas, aspects, issues, topics, d@eddimensionsare some of the
most frequently used terms. Other equivalent butenmutput-orientated terms
include environmental impactseffects, impact categorieand environmental

factors Since most tools need to structure their contaetarchies with two or
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more levels are common, which implies that the abmentioned terms can be
used to describe different hierarchical levels. tims thesis, the term
(environmental) aspect is used for structuring the content of tools. Téet is
central in the standardisation literature (e.g. I$4D01) and therefore well-
known. Here, it is used to denominate differenénattions between buildings
and the environment/people’s health. If there iead to distinguish between
different hierarchical levels the terassessment area is used as the higher level,
consequently containing a numberaspectdo be assessed.

An environmental aspect can cause one or neongronmental impactand
health problemsin order to assess an aspect, or rather a probbemmected to

an aspect, anndicator is needed. An indicator can be regarded as an
approximation of the problems to be assessed byadble(Glaumannet al,
2008). In the literature on building tools, thentsrcriteria and parametersare
also used frequently for describing this concept.
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2. BACKGROUND

This chapter provides a background to the developmef tools for
environmental assessment of buildings. It givegyiis into the historical and
current developments and presents reviews of ta@wld their intended
applications. In addition, it provides an introdonot to the field of
environmental performance evaluation in organisatiavhich is closely linked
to the application of environmental assessmenstool

2.1 Tools for environmental assessment of buildings

Tools for environmental assessment of buildinggyeafrom approaches that
consider just one environmental aspect at a timg, energy, to very

comprehensive tools with regard to aspect coveragghermore, some tools
have a clear, focused assessment object, suctb@kleng material, a building

component or an entire building. Others can be @eedifferent system levels,
from individual buildings to city districts. The lfowing mainly refers to

comprehensive tools that assess buildings or Imgjldroperties.

The history of comprehensive environmental assestsma buildings started
somewhere around the beginning of the 1990s, iicp&ar with the release of
the first version of the British tool BREEAM (Balawet al, 1990). BREEAM
was the first internationally known tool, on whioany subsequent tools have
been built (Cole, 2006). The area of building assent tools developed
strongly during the 1990s with experiences disgkergdebally by establishment
of the international Sustainable Building confeesc(the first held in
Vancouver in 1998). Since then, an extensive amolifihostly) national tools
have evolved of which some are now well-establishrethe market, e.g. LEED
(Kibert, 2005) in the USA and CASBEE (Murakami, 8pin Japan. The first
LCA-based tool, Eco-Quantum, was developed in tethétlands in 1997 (Mak
et al, 1997) and the first version of the Swedish Eceéifftool in 1997-1998
(Glaumann, 1999; Glaumarat al, 1999).

Most tools have a wide aim similar to that of theREHEAM tool, which was to
provide guidance on ways to minimise the environtaempacts related to
buildings while also promoting a healthy and condble indoor environment
(Baldwin et al, 1993).
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In the middle of the 1990s, the GBTool initiatiakén by the Green Building
Challenge "98 aimed to develop a general tool thatd be used in different
countries (Cole and Larsson, 1999). The approach twastimulate learning
about building assessment, communicate it on aaflsbale and devise a
framework that could be adapted to regional oromaii level (Cole and Larsson,
1999; Todd and Geissler, 1999). The developmenbh@fGBTool (now called
SBTool) has continued and case studies from nurserountries are presented
and discussed at every Sustainable Building condere

The extensive parallel development of environmemtséessment tools for
buildings can be exemplified using the Swedish c@ke most recent review of
Swedish tools identified 37 tools, of which inforiioa was available for 27
(Sundkvist et al, 2006). Nine of these were comprehensive toolseicoy
numerous environmental aspects, while the reststxtion energy, the indoor
environment or material choice. The comprehensieésthad a diversity of host
organisations. Five were operated by individual stdtancies, one by a
municipal authority, one by the Swedish standatiisaorganisation, SIS (in
collaboration with the other Nordic standardisatmnganisations), one by an
academic institution and one by an associationisting of sector companies
representing property owners, consultants and r@igin companies
(Sundkvistet al, 2006).

Standardisation is currently going on at both Eeespand international level.
This work concerns frameworks and recommendatiomssastainability in
building construction (ISO, 2006a; 2006b; 2008) aadframework for
assessment of environmental performance of buismithin CEN/TC 350. The
aim is to establish common frameworks for defimi@f the system boundaries,
functional units, environmental indicators, preséioh of results, etc. within
assessment of environmental building performance.

A number of authors have reviewed building toolg@meral (Crawley and Aho,
1999; Reijnders and van Roekel, 1999; IEA, 2001ddlet al, 2001; Kaatzet

al., 2002; Sundkviset al, 2006; Ding, 2008; Haapio and Viitaniemi, 2008y an
LCA-based tools in particular (Kotagt al, 2003; Forsberg and von Malmborg,
2004; Peuportier and Putzeys, 2005). These revieaspare a number of
different contextual and methodological aspectehsas the aspects assessed in
the tools and types of results presented. In amjita few reviews cover the
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detailed content of particular assessment areas.ekample, Myhr (2008)
reviews outdoor aspects, while Paper 3 of this ishegviews indoor
environmental quality aspects in building tools.

Cole (2005) claimed that since the building assess$rtools are voluntary and
market-based, practicality and cost-efficiency wawasidered to be the primary
characteristics of importance by the early tool-erak This fact resulted in
criticism by e.g. Glaumanet al. (1999) which led to the initiation of the
development of life-cycle based tools. Later attesnip compare results from
different tools (Yokoo and Oka, 2002; Aota&eal, 2005; Kawaztet al, 2005;
Brick and Frostell, 2007; Wallhageet al, 2008) typically show diverging
results. Different tools give different results omre precisely, non-comparable
results. Even when the same tool is used, thetsefialve been difficult to
interpret, as shown in the Green Building Challengse studies (Todd and
Geissler, 1999).

2.2 Environmental performance indicators

The previous section described building environmem@tssessment tools as
coherent units. However, their ability to preseméismnmental information also
means that specific parts of the tools can be dgegarticular applications.
Irrespective of the application, the data used @wmonly in the form of
environmental indicators. Accordingly, quantitatiesvironmental assessments
are closely related to environmental indicatorsghsithat assessment tools
consist of sets of indicators to be assessed arwkpted or the outcome of the
assessment is presented in the form of indicatoder to simplify complex
information.

Environmental indicators are used in different eat#, such as for policy-
making and for monitoring trends in e.g. the enviment by local, national or
regional authorities (Smeets and Weterings, 199%%sit al, 2007). Another
important context discussed in the literature ig thse of environmental
performance indicators in organisations. This théstuses on the latter context
due to the relation of assessment tools to compaamel organisations in the
building sector. A central guideline in this corttéx the standard 1ISO 14031
(ISO, 2000b), which focuses on indicators for cogb® environmental
performance evaluation. This standard makes aidivigito three types of
indicators; Environmental Condition Indicators (ECOperative Performance
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Indicators (OPI) and Management Performance Indisat(MPI). In
organisations, OPI are commonly used, sometime®naganied by MPI
(CRISP European Thematic Network, 2002; SIS, 200bhe general
interpretation of these two indicator types is tN&®l represent performance
drivers and OPI represent performance outcome.€elmelcators are intended
to be used both for external reporting and for rimié monitoring of the
organisation’s  environmental practices.  Accordinglyenvironmental
performance evaluation is often an integral paremiironmental management
systems (EMS). To achieve more efficient EMS, impm performance
evaluation is often mentioned as one indisputaldeponent (Enroth and
Zackrisson, 2000; Hamschmidt and Dyllick, 2002;d&nhy 2006).

There are a number of practical guides and exampfegnvironmental
performance indicators in organisations (e.g. 13@0b; Jasch, 2000; Wathey
and O’Reilly, 2000; Tytecat al, 2002; Xie and Hayase, 2007). General criteria
for selecting indicators in the EMS process of bess organisations often
include the following:

» Ease of measurement

» Capability to connect company actions with envirental performance

* Understandable and meaningful for the stakeholderttified

» Workable in practice

» Support bench-marking over time

* Capability to inform decision-making for improvingrganisational

performance

» Focus on areas of direct management influence
(ACBE, 1992; Azzone and Manzini, 1994; Wathey andRé&lly, 2000;
Verfaille and Bidwell, 2000; Olsthooret al, 2001).

A common feature of the above criteria is that taey all more or less practical
considerations. In addition, reviews of indicatosed in practice typically show
that indicators are chosen for ease of measurenagimer than whether they
indicate changes in environmental quality (Olstimet al, 2001). Major

problems are a lack of suitable data and limitedtines for data compilation
(Bennett and James, 1996; Schaltegger and Bu2@p; Grayet al, 2001,

Ammenberg and Hjelm, 2002). A direct consequendbas the environmental
effects of EMS in organisations have proven ditfito verify (Ammenberg and
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Hjelm, 2002; Schylander and Zobel, 2003). Similesults have been shown
specifically for property management organisatigvialmaqvist, 2004).

The use and usefulness of environmental performamdieators for external
reporting is discussed at length in the literafierg. Brophy and Starkey, 1998;
Deegan, 2002; Morhardtt al, 2002; Brown and Fraser, 2006). In corporate
environmental indicator literature, the main fociss usually on seeking
generality with respect to indicator choice (Azzagteal, 1996; Young and
Welford, 1998; Thoresen, 1999; Tyteeal, 2002). However, this generality is
largely intended for comparing environmental pearfance in an external
context, not for managing internal processes. Atiogly, a number of authors
argue for performance indicators to be adaptedhé&o context of internal
management of organisations in order to generafieiesit environmental
improvements (Thoresen, 1999; Brunklaus, 2005; thn2006).

2.3 Applications of assessment tools and indicators

The driving force for the development of environta¢rassessments in general
is the demand for environmental information in eliént types of decision-
making situations. There are a number of overvieinmethod approaches used
for environmental assessments and performance ai@iu(\Wrisberget al,
2002; Finnveden and Moberg, 2005; Nessal, 2007). They present a wide
array of approaches with regard to both analyacal procedural tools, product-
related and policy-related tools (Wrisbexgal, 2002; Finnveden and Moberg,
2005) as well as indicator systems for environmemianitoring by authorities
(OECD, 1993; Nesst al, 2007).

Wrisberg et al (2002) list five possible applicaso for environmental
assessments: strategic planning, capital invesanelsisign and development,
communication and marketing, and operational mamagé For environmental
building assessments, guidelines for design of heidings or buildings to be
refurbished is a relevant application that mayudel taking decisions on capital
investments (Cole, 1999; Crawley and Aho, 1999awley and Aho (1999)
also claim that these tools can enable target fspe@dn in construction
projects, which can be regarded as part of thegdeprocess. Furthermore,
environmental reviews of existing buildings is @&al area of application in
order to support decisions on improvement meadakesn both on the strategic
and operational levels of property management asgdons (Crawley and Aho,
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1999). Part of this process is to use the assessrf@mnbench-marking (Cole,

1999). Finally, the communication and marketingeo¥/ironmental assessment
results for individual buildings to external usefghis information (consumers,

authorities, etc.) is a relevant task for environtakbuilding assessments (Cole,
1999; Crawley and Aho, 1999). To summarise, thmead areas of application

for environmental assessments of buildings include:

* Internal management of existing buildingsmulating 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)

Inter nal management of existing buildings

Internal management of existing buildings invol#tes use of assessment results
in order to identify strengths and shortcomingsardmng environmental
performance of these buildings. This opens the f@aydiscussions about the
environmental improvement measures that are thé onibsal and efficient for
a building owner or operator. Internal managemantiavolve all types of staff
and managers in organisations and an environmerftaination demand can
emerge in a number of different operational agasit Traditionally, the use of
environmental assessments internally in organisstias often derived from
legislative demands. For European property managerogganisations and
building owners, the European Union Directive fonekgy Performance of
Buildings (European Commission, 2003) forms suclexample. However, this
IS an exception and property management organisatiormally do not need to
comply with the industrial environmental legislatioramework. Therefore, the
use of environmental building assessments in paatican be expected to take
place within the voluntary environmental manageneérnihe organisation.

In the environmental management context, enviroraherperformance
evaluation through indicators and environmental itgudare important
components. Crawley and Aho (1999) suggest thapoeimensive building tools
in this context can provide environmental revieW®xisting buildings as part
of internal environmental management as well asitifjgng and selecting
improvement measures in existing buildings. In addj they can be used for
specifying goals for the environmental managemémiudding stock (papers 2
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and 4). However, it must be noted that the opemati@activities related to

property management are broader than examinatitimedbuildings and include

for instance transport related to building operatend maintenance (Svane,
1998; Malmqvist, 2004).

A study in 2003 of Swedish property management rosgdéions considered to
be environmental leaders showed that building ta@se used only infrequently
for internal management (Malmqvist, 2004). To soex¢ent, environmental
reviews of buildings were performed but scarcelyone used such tools for
environmental performance evaluation purposes.ti®rspecial application of
internal use in property management organisatidag availability was often
mentioned as the main problem (Brunklaus and Thidegr2002; Malmquvist,
2004).

Design guidelines

In design processes in general, the environment&rmation demand
commonly relates to understanding design alteraatiin the process of
optimising existing products or the redesign ofsérg concepts. Potential
applications include integrating eco-design toats ithe normal design process
of companies and educating designers (Wrislegrgl, 2002). In the earlier
stages of a design process only indicative datanacessary, whereas in later
stages, when the concept has become more makiatjsantitative tools that
can provide more detailed information are neededgéneral, design and
development is a typical situation in which lifectsy assessment (LCA) has
been regarded as convenient. In practice, custdmasel simplified LCAs,
which can be in the form of checklists, are commamded (Wrisberget al,
2002).

One aim of building assessment tools can be toigeodecision support in the
design situation of new building developments apturbishment projects.
Suggested applications in different parts of thiédding design process include;
specifying and evaluating environmental goals fonstruction/refurbishment
projects and detailed design guidelines (Crawley Aho, 1999). Most LCA-
based tools are intended to be used for selectidgdescussing design options
through the calculation of impacts caused by dafiéeroptions of building
materials, building designs and technical soluti(fReijnders and van Roekel,
1999; Forsberg and von Malmborg, 2004). HoweverAifased assessment
tools have not yet been used much in practice ksigders (Brick, 2008;
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Peuportieret al, 2008). Instead, Cole (2005) points out that mahthe non-
LCA based checklist tools, which were initially noeant as design tools, are
often used in this context, with a number of patiyt negative consequences.
For example, using them as design tools risks wlitutionalising what
constitutes good building practice at a time whamovation is needed.
Secondly, these tools encourage ‘points-chasing’that cost-effective credits
are sought rather than best environmental perfocené@ole, 2005).

Communication and marketing

Traditionally, quantitative information has beenoquced by industry for
communication with inspection authorities. Howevavith the increased
environmental concern in society, communicatioem@fironmental information
has moved to also being a marketing instrumentdonpanies. This is achieved
mainly through environmental labelling or througlonmonunicating the
information with the help of environmental perfomoa indicators.

Potential applications for comprehensive buildingsessment tools in this
context include providing input to development afianal building regulations
and decision support for purchasers (Crawley and, A999). Accordingly,
estate agents can make use of environmental assassnfiormation. Cole
(2005) believes that the financial sector and iasce companies will have more
interest in using building assessments for valmaab risks, etc. Furthermore,
Latzkendorf and Lorenz (2006; 2007) report an imsneg interest for
sustainable property investments on the financiakket. In line with this
development, environmental building assessments lmnused to provide
economic or other incentives to high-performingldings. In a few states in the
USA, for example Oregon, tax reductions on projeasts are allocated in
relation to the LEED rating given to the buildin@régon Department of
Energy, 2008). Some banks and insurance companieSwitzerland give
reduced interest rates and insurance fees if thdifyi is certified according to
the MINERGIE tool (Erlandsson and Carlson, 2008 hulnber of banks world-
wide give better credit terms to ‘sustainable’ Bungs (Lutzkendorf and Lorenz,
2007). In Austria, environmental requirements hawvde fulfilled in order to
obtain subsidies granted by the authorities for dewllings (Peuportieet al,
2008). In Japan, the rating tool CASBEE is usedoasumer information on the
official website of the city of Osaka (Osaka Ci2{p04).
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To sum up, the information provided by environméhtalding assessments can
be expected to have a value both in internal psssef building sector
organisations and for communication with externtkesholders. There is
presumably a role for both complete and comprekerassessments and for the

use of individual indicators or indices for specifapplication provided by
assessments.
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3. COMPONENTS IN BUILDING TOOLS

Components in building environmental assessmers tuave been discussed in
detail in various studies (Cole, 1999; , 2001; 3wt et al, 2006). In general,
building environmental assessment tools includer fi@y components;
assessment module, input module, output module exptanation of results
Cole (1999). This chapter gives an overview of anber of methodological
aspects in relation to these components.

3.1 Assessment module

The assessment module includes the tool’s apprtmaabsess the environmental
aspects covered by the tool. Finnveden and Mob20@5) suggest that the
object of the studwandimpacts of interesare two key aspects of the decision
context that have implications for the choice afemsment approach or method.
Typologies of building tools commonly denote a arehy from tools that assess
building materials to tools that assess entiredmug stocks or even city
districts. Tools can also cover more than one $uetarchical level (Trinius and
Nibel, 1999; Toddet al, 2001; Forsberg and von Malmborg, 2004). However,
most comprehensive building tools focus on thedmg level. Traditionally,
life cycle assessment (LCA) approaches are used gmducts and
environmental impact assessment (EIA) for proj€Eisnveden and Moberg,
2005). Building assessments can naturally be ctearsed as both products and
projects and some authors thus describe buildingra@mmental assessment
tools as falling between the scope of LCA and EGxafvley and Aho, 1999;
Myhr, 2008). However, rather different methods aially necessary for
different subgoals, i.e. for assessing differerqeats to be covered by the
building assessment tools.

The main assessment areas for building environhastessments argued by
for instance CIB (Conseil International du Batinjeahd ISO/CEN include
resource use and associated emissions, the haaltboanfort of building users
and life cycle costs (Kibert, 1994; 1SO, 2006a;k@ndorf and Lorenz, 2006).
Many of the comprehensive tools cover similar ar@axid et al, 2001) even
though some LCA-based tools are narrower, only @tiiog for emissions
caused by the energy and material flows (Forsbedgvan Malmborg, 2004).
Others cover management features and service yju@iy. GBTool and
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CASBEE) (Toddet al, 2001; Japan Sustainable Building Consortium, 2004
Sundkvistet al. (2006) summarised the content in the 38 Swedishfareign
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, wartel soil)

» Potentials (controllability, maintenance plans, m@dhility, working
processes, etc.)

They concluded that while the first four types ontent provide information

about performance, potentials may, but do not rsacig, involve good

environmental performance. This distinction betwegemformance-based and
feature-based (based on technical and operatiogatures of building

properties) assessments was also raised by CrawvtepAho (1999).

The ways in which assessment areas/aspects weieskin existing tools are
rarely clearly described. Sundkvist al (2006) concluded that in practice, a
number of approaches are commonly used in paraleth as letting data
availability be decisive, rely on authoritative @ence of building-related
problems, etc. Glancing at other tools has probdidgn important and in
particular the first widely appreciated tool BREEANMS served as inspiration
for consecutive tools (Cole, 2006). Different apations, such as assessing
dwellings or work places, may also influence theea$s considered important.

Most tools are in the form of eco-design checkl($&isberget al, 2002) or
indicator systems (Nesst al, 2007), i.e. sets of indicators that are assessed
guantitatively or qualitatively. All well-known bldiing tools at the global scale
(LEED, BREEAM, Code for Sustainable Homes, CASBERBTo00l/SBTool)
are indicator systems. Criticism of the simplicapd lack of environmental
relevance of these approaches (e.g. Glaunnal, 1999; Lutzkendorf and
Lorenz, 2006) has led to research initiatives fowugarticularly on LCA
methodology (ISO, 2000a). Simpler forms include tls of Material Flow
Analysis (MFA)/Substance Flow Analysis (SFA) forilding-related energy
and material flows. However, local impacts, suclmasor and outdoor impacts
or embedded hazardous substances, are rarely dolbgreCA (Finnvedenret
al., 2003), since LCA studies in general do not carsikhere and when
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emissions take place. Jonsson (2000) and Reijnal@isvan Roekel (1999)
concluded that only very limited indoor environnadrguality (IEQ) aspects can
be addressed by LCA and that these should therpfeferably be dealt with in
a separate way. However, a few attempts have beele mecently by LCA to
assess impacts on the health or comfort of buildisgrs (Guinée, 2002,
Hellweg et al, 2005; Meijeret al, 2005a; 2005b; Meijeet al, 2006). There is
thus an emerging development of these issues witleir. CA community. For
the purpose of assessing different design optins, possible to include for
instance indoor criteria in the functional unit ah LCA. However, indoor
gualities are then not assessed, as only a ministandard has to be fulfilled
(Lutzkendorf and Lorenz, 2006). Attempts to hanaésessment of embedded
hazardous substances mainly include the use of MFA.

3.2 Input module

Input data for building assessment tools generddynand measurements,
audits, calculations, simulations and/or estimatiddifferent input data sources
are naturally necessary, depending on whetherrm@thor existing building is
being assessed or whether the task is an assessing@atential or actual
performance of an existing building. For assessroémuildings in the design
phase or the potential performance of existingdmgjs, input data in general
constitute data from the design documents, whiah @ften calculated or
estimated information. Assessments of actual pesdoce of existing buildings
require more on-site measurements and audits. éiapsharacteristic involves
the assessment of indoor and outdoor quality irstey buildings. In these
situations, post-occupancy evaluations are recordeteiy some authors as a
useful tool for generating input data to buildingsessments (Leaman and
Bordass, 1999; Bordasst al, 2001; Lutzkendorf and Lorenz, 2006). Hult
(2002) reports on the development of standardisestgpnnaires for detecting
problems with the indoor environment. This stantedhe 1970s, first focusing
on detecting SBS (Sick Building Syndrome) problé®isndellet al, 1997), but
subsequently covering aspects concerning thernmahtg, noise, etc. (Engvall
et al, 2004).

LCA-based tools need databases with life cyclentasy (LCI) data. Their size
and quality differ greatly in current tools and stools have preferred to be
connected to large general databases such as Eoblfivaapio and Viitaniemi,
2008). The different LCI data are often the maiaseaof divergent results when

31



comparing LCA-based tools (Peuportier and Putz2965; Brick and Frostell,
2007).

Since the input module is the tool's main interfagth the primary tool users,
main user requirements include simplicity, coseefiveness and clarity
(Sundkvistet al, 2006). Accordingly, as pointed out by Cole (1998yen
though the input module is intended to serve tisessmnents with data, practical
considerations with respect to data acquisitiomfar limit to the content and
construction of the assessment module.

3.3 Output module and explanation of results

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

* |t should provide a comprehensive view of the bogdoerformance,
* |t should enable closer studies of specific assessnaspects since
different tool users may have different interests
* |t should enable comparisons:
o of the building/aspects/indicators to relevant lenarks
0 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 istieapresentation of results
ought to be transparent in the sense that all lywdgrinformation should be
open for scrutiny. Haapio and Viitaniemi (2008) cluale that the most common
presentations of results in LCA-based building sssent tools are in the form
of graphs and tables.

In relation to the three overarching applicatiorisboilding assessments, the
need for detailed comparisons of specific enviromiae aspects, building
components, etc. can be of interest for internahagament and design.
However, for market communication, simplified résubuch as labels are
necessary. The most common technique to commuracgfegated assessment
results in building tools is &ting, as seen for instance in the well-known tools
LEED (platinum, gold, silver and bronze) or Code &ustainable Homes (1-6
stars). The rating in current tools is generally aesigned to represent a certain
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performance level in relation to e.qg. building ner(®ing, 2008) although a few
rating tools have performance levels or requiresémat have to be fulfilled in
order to reach a specific rating level. Another omn approach among building
tools is to compare the assessed building witkf@erence buildingCole (1999)
gives insights into the use of reference buildimgthe GBTool work.

Aggregated results require a process for aggregatinweighting underlying
criteria. Building assessment tools commonly usglioit or explicit weighting.
Implicit weighting means that all indicators carce®we the same score, thus
implying that all indicators are equally importakiplicit weighting articulates
different weightings for different indicators (Toéd al, 2001). Techniques for
setting weights in the context of building assesgsare further discussed by
Andresen (1999), Todek al. (2001) and Cole (1999; 2001).

In the common rating tools LEED, BREEAM, Code fausginable Homes,
CASBEE and GBTool/SBTool, each indicator in thel teexeives a score and
the final rating depends on the added score oihdltators. This approach is
easily communicated and understandable, but hamudbwrawbacks since it
encourages ‘trading’ scores to find the most cifsicdve way to reach a high
rating (Cole, 2005; Wallhagest al, 2008). Consequently, the resulting rating in
such tools can have quite different ‘environmematanings’ in different
assessments (Humbeet al, 2007). In addition, a high rating can conceal
significant environmental deficiencies.

The precision in the results of building assessneols has not been widely
discussed in the literature. However, within the EBRO (Practical
Recommendations for Sustainable Construction) né&twbwas concluded that
most LCA-based tools used in their study gave teswithin +-10% when
assessing the same building with the same datp@dexr and Putzeys, 2005).
Haapio and Viitaniemi (2008) discuss a number aftuees of the assessment
module of LCA-based tools that might give rise tliedent interpretations of
the results.
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4. RESEARCH METHODS

In the introductory section of this chapter, theempdmenon of building

environmental assessment tools is related to saswassions within philosophy
of science and implications on research methods.r&kt of the chapter gives
insights into the methods used in Papers 1-5 a$ agelthe more general
realisation of the EcoEffect and ByggaBo tools.

4.1 Scientific context

When making quantitative environmental assessmehes,tool-maker must
believe that it is possible and relevant to cakeulpotential environmental
impacts in quantitative terms. However, it is rewdude to have the humility to
recognise that this can be done in different wangstaat subjective matters will
always influence the results. On the other hanel types of practical decision-
making contexts to which environmental building esssnents relate need
hardly have a very high precision, although they c@ontribute better
information than if the decisions were taken inrtladsence. For use in practice,
the precision of such tools must only be sufficisnidentify hotspots or, in a
sensitivity analysis, to establish the minimum lesedata precision required to
not disturb the results about the hotspots. Orafoating tool, it could be to
design the rating criteria so that the probabiityhe assessed buildings getting
the ‘right’ rating is high. This reasoning correeds to one of the characteristics
of technological science according to Hansson (RO@ho claims that the
precision of calculations, etc. need only be sidhtly exact to solve the
practical problem examined in the study.

In technological science, Hansson (2007) argudsthieastudy objects are often
man-made and that design of the study object iguemetly a significant
component. Design of building environmental asses$ntools corresponds
closely to this and could well be compared to amomm task for technicians, to
design a measuring instrument or method. Furtheptbe building tools aim at
being functional tools for practitioners in orderdontribute to environmentally
better buildings. Such normative and functionalsaare typical in technological
science. In contrast to old disciplines in nats@énces, a reductionist approach
(experiments, etc. in which the variables studiegl lanited and kept under
controlled conditions) can scarcely be used. lakteaw technology needs to be
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tested in practice, in the context where it isndied to function when ready for
application (Hansson, 2007).

Some features of technological science describddamgson (2007) correspond
somewhat to the ideas behind transdisciplinarynseieor Mode 2 knowledge
production (Gibbongt al, 1994; Nowotnyet al, 2001) and also to the ideas in
soft systems thinking developed by Checkland (19%98gse authors conclude
that the study of ‘real world problems’ with normvat purposes needs
methodological approaches other than reductiomsiinary thinking, e.g. an
action-orientated approach and the involvementasicerned stakeholders. In
addition, the importance of recognising the localtext is stressed (Gibboes
al., 1994; Checkland, 1999; Flyvbjerg, 2001). Stakedwoparticipation in the
context of building environmental assessment tbhaksbeen discussed by Kaatz
et al. (2005). They stress the importance of developirggtobols for particular
decision contexts if they are to become strongrumnsénts in sustainable
building projects. Involving stakeholders from adésacademia also creates a
foundation for practice-orientated solutions (Gibb@t al, 1994; Lawrence,
2004).

An additional fundamental component in the studyredl world problems’ is
the interdisciplinary research team. Successfulkwoust lead to a mutual
understanding of the project goal and the probléndied, which is often
tedious and demanding work (Payne, 1999; Coopé2;2Pettst al, 2008).

The tool development projects referred to in thests both involved a
considerable number of stakeholder representatwel to a certain extent,
interdisciplinary research teams. Both features ateng elements in
transdisciplinary research. However, inter- or sdisciplinary research
approaches were not initially expressed in neitifethe projects. Rather, the
working procedures in the projects resembled tiame tof research to some
extent but could probably have been developeddurth

To sum up, this thesis presents work performed iteconological 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 toaltuhally, many different
methods were used in order to develop the toolfe&ht assessment areas of
the tool were addressed using different approach®scordingly, the
development work was based on reviewing literaturelifferent approaches for
assessing the environmental impacts of buildingsrational and international
exchange of knowledge. The different analyticallrods that were used for the
tool are discussed more in the Results sectiogedinis is the outcome of the
development process. The development process forBtoEffect tool is
described further in section 4.3 of this thesis.

Paper 2

The aim of Paper 2 was mainly to explore how pairtthe EcoEffect tool could
be used in property management. The objectivesapeiP2 included devising
and testing a systematic procedure for selectingr@ammental indicators in
general terms and using it for evaluating indicaitwfra handful of existing tools,
as well as current practice in property managen#rhird objective involved
testing the practical possibilities of using moravieonmentally relevant
indicators in the context of internal environmengaiactice in property
management organisations.

The indicator selection procedure involved a lif@r@ review on environmental
performance indicators and discussions among fell@searchers. This
procedure was then tested in practice through apireal study, limited to

three significant environmental aspects for thepprty sector: energy use,
household waste treatment and embedded hazardbsisscesSnaterials. Data

were gathered from three Swedish housing estatesrdar to examine the
possibility of calculating environmentally relevaiproblem-related) indicators
from quantitative data in property management dsgdions. The housing
estates were fully owned and operated by two differmunicipal housing
corporations. The data collected included annuangties of energy use,
household waste generation and data about embeddadardous

substancématerials. The data were retrieved from databasése companies
and through interviews with environmental managerd facility managers of
the different housing estates. In addition, emissind production data on local
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energy production and waste treatment plants watected. By combining the
company-specific data with the external data, iatics were then calculated.

Energy data were converted to emitted equivalegt$ranslating kWh to air
pollution emissions contributing to climate changeidification, eutrophication
and megajoules (MJ) of nuclear electricity, usitgracterisation factors from
the EcoEffect tool (Glaumanet al, 2007). Indicators were thus formulated as
kg CO,-equivalents’, etc. representing the different ioipaategories. For
household waste treatment, the indicator ‘kg wastandfill' was calculated. It
comprised directly landfilled bulk waste and latidddi ash and slag from
combusted household waste, the latter calculatédd tiwe help of data from the
combustion plants. In one of the housing estates, dontent of hazardous
substances in the building materials was carefdibcumented. From this
information it was possible to calculate indicatbaesed on the actual embedded
guantities in kilograms of substances officiallgsgified as possessing inherent
hazardous properties (carcinogenic, reproductigmainng, etc.). This approach
builds on ideas developed by Kindembe (2004). Adlicators were divided by
the number of building users, thereby relating ém@ironmental impact to a
service produced.

Finally, the indicators calculated for the threau$iog estates were evaluated
with regard to the indicator selection criteria gested in the paper. In addition,
these indicators were compared with currently is®adronmental performance
indicators in property management organisations wamnt indicators in the
foreign tools LEED (USA) and CASBEE (Japan) and NERS (Australia).
These three tools were chosen due to their diftegiconcerning the indicators
included.

Paper 3

Paper 3 formed part of the decision-making prockss the choice of
environmental aspects and indicators to be assdsséie ByggaBo tool. The
aim was to devise systematic procedures for bolkcteg aspects and
indicators for the tool. The paper was delimitedhi® assessment area of indoor
environmental quality (IEQ).

In the ByggaBo project, a number of different agates for selecting aspects

to be included in the tool were discussed. In P&jeiive 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 seofectives
» Aspects/problems addressed by legal requirements

» Current practice in similar existing tools

The rationale behind the first two approaches viras & systematic literature
review could help to identify the most importanilding-related IEQ problems
related to consequences on people’s health. Thertamre of the problem was
understood as the severity (the seriousness ofbthkling-related health
problems) and the extent (the number of peoplecedteby the building-related
health problems) of the problems in the Swedishnge{where the tool was to
be implemented). Thus, these two approaches weentnte be combined.
These ideas originated from the weighting methogr@gch in the EcoEffect
tool (Glaumann and Malmqvist, 2005a; Glaumaatral, 2007) and the DALY
(Disability Adjusted Life Years) approach (MurragcaLopez, 1996). The next
two approaches (objectives and legislation) weganded as approximations of
what society values as the most important probl@mes.final approach implies
that existing tools should have already identifilte most significant
environmental aspects.

There is currently no clear definition of the adpetat constitutes the indoor
environment. However, based on current practicéEQS tools and guidelines,
four main aspects are generally distinguished: andair quality, thermal
climate, noise & acoustics and light conditionscltaf these can be divided
into sub-aspects. This corresponds quite well te tefinition of indoor
environmental factordwhich in this context is equivalent to the teriQl
aspects) by Hult (2002) as ‘a comprehensive termafcmumber of physical
indoor environmental parameters that we perceive w@wsform and separate part
of the indoor environment’ (Hult, 2002, p. 1:4). &ddition to the four IEQ
aspects mentioned, Hult (2002) also regards elecignetic fields and tap water
guality as indoor environmental factors. This somaivbroader view on IEQ
was applied in the literature review of Paper 3.

The approaches were tested by performing extendi®eture reviews of

current tools and guidelines covering IEQ, Sweadisjectives and legislation, as
well as the severity, extent and causal relatigpssbetween IEQ problems and
building characteristics. Based on these reviewsamalysis was performed
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regarding the IEQ aspects that appeared to be sigsificant when the
different approaches were applied.

The approach for selecting indicators developedPaper 2 was then further
tested in Paper 3. An inventory was made of apprately 80 indicators used
for evaluating different aspects of IEQ in 16 a@rgtbuilding assessment tools,
standards and authority guidelines. The selectiothese tools and guidelines
was based on the availability of detailed desaiiof foreign tools as well as
the most commonly used standards, guidelines retéweden that cover IEQ.
The indicators were evaluated by assigning a sgbfieto 5 in dialogue with a

colleague for each of the theoretical and practiciéria initially presented in

Paper 2 and further refined in Paper 3. In additibrs inventory enabled an
analysis of the IEQ aspects covered by the diftsatemprehensive tools.

Paper 4

Paper 4 dealt with the issue of how to communicatel interpret very
comprehensive assessment results in order to graledision-makers with the
information they need. The paper applied the mggregated presentation of
results from the EcoEffect tool and thus built be tmethods developed within
the EcoEffect project (Glaumann and Malmqvist, 20@aper 1), slightly
adapted to the particular case of assessing existiridings.

In order to illustrate the approach, 26 multi-fanblilding properties situated in
different towns in Sweden were assessed with refgashergy use and indoor
environmental quality by the EcoEffect tool. Thelthngs had previously been
test objects within the EcoEffect and/or Bygga Bojgcts and therefore data for
the buildings were already available. The buildimgse thus chosen simply on
the basis that various property owners had beeanested in and prepared to
assess the environmental performance of their ingdd The building data used
for the calculations included actual energy useg,sdesign numbers of users
and user perceptions related to IEQ. To capturer ysceptions, the
comprehensive EcoEffect questionnaire (EcoEffe@982 Hult and Malmqvist,
2008) was used for all buildings but three, for attha simplified version of the
EcoEffect questionnaire (Carlsat al, 2007) was used. The latest available
data on yearly energy use were used in order tectehe approximate energy
use characteristics at the time of the questioen&nergy for heating, hot water
and operation of shared facilities was includedhia calculations. In addition,
current fuel mixes for the different district hewfidistributors were obtained
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from the Swedish District Heating Association oroime case directly from the
distributor. Emission data for combustion of diéfiet fuels were taken from
Uppenberget al. (1999), while for electricity, standard emissioatal for
Swedish electricity mix were used.

Two environmental indices were then calculatedefach building: the Internal
Load Index (ILI), which relates to the quality dfet indoor environment as
perceived by the users of the building, and theeieal Load Index (ELI), which
reflects the external environmental impact causgdhe energy use of the
building. The ILI was calculated using the respofiequencies to four general
guestions in the questionnaire that address thechmaate in wintertime, noise
& acoustics, indoor air quality and daylight/suhligconditions. A mean
percentage of satisfied users for each questiornthesscalculated from the four
questions, resulting in the ILI score.

The energy and emission data were first used tulzde potential contributions
to a number of environmental impact categories edusy emissions from
energy generation. These impact categories includienate change,
stratospheric ozone depletion, acidification, epltioation, production of
tropospheric ozone, human toxicity, ecotoxicity aidising radiation risk
related to electricity produced by nuclear poweda(@annet al, 2007,
Glaumann and Malmqvist, 2007). The resulting edems were then
normalised by the average total emissions to eatbgory caused by each
Swedish person. Finally, the equivalents of eaclpach category were
multiplied by a damage weighting, thus enablingriha&ll to be added into a
single index, the ELI score. A damage-based weaightiethod developed in the
EcoEffect project was used for this purpose. Theshmod is further described in
Assefa and Glaumann (2008) and Glaumeinal. (2007).

To enable interpretation of the results of the @idings, three reference values
for each of the ILI and ELI were calculated. Thésee values were intended to
represent ‘best practice’, ‘societal goals’ andtistical mean’ under Swedish
circumstances for multi-family residential buildsig

Paper 5

The overall aim of Paper 5 was to improve inteegralironmental practice and
procedures in property management. The paper trersbught to learn more
about what makes environmental performance indisatseful for internal
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environmental practice and to give some suggestmmscharacteristics of
indicators that are both meaningful for the orgai and environmentally
relevant.

The aims were accomplished mainly by a literatuggiew and empirical

experiences from the authors’ previous studiesr{Baus and Thuvander, 2002;
Malmqvist, 2004; Paper 2; Brunklaus, 2005). Ther#ture review covered
areas such as environmental management systems eamtonmental

performance evaluation, organisation theory anerdiure on environmental
systems analysis.

4.3 Realising the tool development

Development of the EcoEffect tool

The EcoEffect project led by Dr (now Professor) aathitect Mauritz
Glaumann was first initiated in 1998 with a secaqtdhse in 2001-2003. The
project (or rather programme) aimed to develop amehensive tool for
assessment of the environmental impacts of buitdifipe initiative to develop
the tool came from the researchers. At the timeniiation of the EcoEffect
project, the tools that existed for environmentdessment of buildings were in
general basic and feature-based indicator systéhes.overarching aim of the
project was therefore to provide a more comprekensind systematically
elaborated tool highlighting problems related te tuilt environment but also
relating the problems to the needs that buildings ® satisfy. This is the
reason why assessment of indoor and outdoor emagohis included in the
tool, since providing a comfortable place to stapart of a building’s purpose.

The assessment methods for EcoEffect and it's ctemased tool were
developed with a research team leading the work. fElsearchers in the team
represented the disciplines/professions of ardhitec environmental science,
chemical engineering, surveying and landscape pigni\ project board with
representatives from a number of financiers andratisearch institutes decided
on the main directions of the project. In additistgkeholder participation took
place in the form of 25 participating companiesamigations from the building
and construction sector and research finance utistits. Input from these
organisations to the project process mainly too&cel through seminars,
workshops and time-limited working parties. Thekstelders represented
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knowledge about the business aspects, legislastes and, to some extent, the
need of the end-users, namely occupants. In additiwo test periods were
organised in which stakeholders in the project wouted real case study
buildings on which the EcoEffect tool under develgmt was tested.

Major development directions in the later stagethefproject included how to
account for recyclability, development of a damagsed weighting method,
development of modules for indoor and outdoor assest including user
guestionnaires for gaining input data to these ssssents, how to handle
assessment of embedded hazardous substances alopd®nt of a database
with life cycle inventory data including how to douent data uncertainties. In
addition, a computer-based user interface was dpedlfor practical use of the
tool.

Development of the ByggaBo tool

The ByggaBo project was initially three differenbjects that were to merge
into one led by Prof. Géran Finnveden at EnvirontaleStrategies Research at
KTH Stockholm, Prof. Tor-Géran Malmstrom at Buildiservices Engineering
at KTH and Dr. Torbjorn Lindholm at Building Sere& Engineering at
Chalmers University in Gothenburg. The project higdorigin in a dialogue
project called Building, Living and Property Managent for the Future
incorporating actors in the building and propertgctsr as well as
representatives of the Swedish government. Theoéiitme dialogue project was
to stimulate the building and construction sectwadrds higher sustainability.
One important action stressed by the dialogue prapeluded a voluntary tool
for environmental classification of buildings (BywgoDialogen, 2003a). A
target was set to classify 30% of existing buildirand all new buildings in
2009 (ByggaBoDialogen, 2003b). This R&D project g¢hinad to develop a
rating tool to be used for this purpose. In congmariwith the EcoEffect tool,
this tool was assumed to have a narrower persgeclivwas expected to
consider energy, environmental impact and indownatk. It was intended for
rating existing buildings and due to the expectedewapplication it was
assumed to have a limited content. The initiatovelévelop the tool came from
the building and construction sector, through tloekwn the ByggaBo dialogue
(ByggaBoDialogen, 2003a) and by the researchemugjr initiation of the
research projects.
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The project was divided into four parts: introdoati development, testing and
final refinement. In the introduction, a broad int@y was made of Swedish
and non-Swedish assessment and rating tools thraughiew of literature and
internet websites for the non-Swedish tools andufin questionnaires for the
Swedish tools. In addition, potential user groupd acentive providers were
interviewed. In the development phase that followadpreliminary list of
possible indicators was produced. In the subseqiesting phase, data were
collected on 46 buildings and indicators were dated. The stakeholder
representatives providing the buildings and calhectthe data were then
interviewed. Eventually, a final set of indicatosss proposed based on the
findings of the test objects and related interviews

The researchers, consisting of representatives rehitacture, chemical
engineering, building and services engineeringjrenmental science, ecology
and civil engineering, led the work. The proje&ders reported progress to the
ByggaBo board. Stakeholder participation took planethe form of 27
participating companies/organisations from theding and construction sector
and representatives from financiers and authori#gmrt from contributing in
the testing phase, stakeholder representativesaaaments on the progressing
tool in a number of organised workshops. In théeneshent phase, workshops
with stakeholders about particular components efttol 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 Pap&f5 are summarised. In
addition, overviews are given of the two approachesd for comprehensive
environmental building assessment, the EcoEffect BgggaBo tools. The

results are structured under a number of crossesatthemes, meaning that the
chapter also includes reflections on the resultPapers 1-5 in a common
context.

5.1 Selection of aspects (Paper 3)

The grounds of selection for environmental aspdotsbe included in a
comprehensive environmental assessment tool fadibgs naturally influence
the results produced by the tool. In order to tasnumber of different
approaches for such selection, the severity anenéextf indoor environmental
guality (IEQ) problems as well as the IEQ probleaspkcts addressed in
Swedish national and sector objectives, legal requents and current practice
in such tools, were reviewed. Based on these litezaeviews, IEQ aspects that
appeared to be significant in different approaatmdd be summarised (Table
1). Note that the severity and extent of problenesemmeant to be used as a
combined approach in order to determine the sigpniite 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

Indoor air quality
— allergy related

Thermal climate —
cold

Noise & acoustics
- traffic noise

Noise & acoustics
— traffic noise

Electromagnetic
fields (EMF) —
EMF sensitivity

Tap water quality

Indoor air quality -
formaldehyde in
plywood,
chipboard, etc.

Noise & acoustics

Thermal climate

Daylight
conditions

[llumination

Magnetic fields —
childhood
leukaemia

Tap water quality

First, a few reflections on this summary. Makingselection based on the
severity and extent of IEQ problems is quite ambigy since there is still a
need to judge whether a severe problem shouldtbd es equally significant to
an extensive problem. In addition, problems canmumge or less severe and
extensive. Such a selection process is thus noteBniiberated from the
subjective values of the person(s) making the amalylherefore, relying on
existing official objectives or mandatory rules nsore accurate. However,
mandatory rules are only one way for authoritiesd&al with significant
problems in society. In this sense, it is betterdly on societal objectives if
such objectives exist and have been decided oonsensus. On the other hand,
since there is a displacement in time between reensfic evidence and the
implementation of objectives and laws, updatingieeg on the severity and
extent of problems are important when developing ioproving an
assessment/rating tool.

Relying on existing tools for selecting aspects enticators has the advantage

of recognition and, as a consequence, supportstigaamplementation.
However, such tools have been developed in diftecemtexts, for different
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targets groups and applications. Accordingly, @xgstcomprehensive 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 | Thermal | Noise & Daylight Sunlight Ilu- Tap EMF! | Legio-
air climate | acoustics | conditions | conditions | mination | water nella
quality quality

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 | X

Swan

labelling

BREEAM X X X X X X

Office

BREEAM X X

Ecohomes

Miljostatus | X X X X X X X

As can be seen in Table 1, the aspects considerettheb Swedish official
objectives correspond quite well with the aspehtd prove to be significant
when assessing the severity of problems. Curreattioe includes thermal
climate, probably because of the extensiveneski®froblem. The reasons for
including or excluding specific aspects in comprediee tools can be numerous.
For instance, noise & acoustics are not includethenwell-known tools LEED
and BREEAM Office (Table 2), despite causing seard extensive problems
and being prioritised in the Swedish official olijees. One reason may be that
the tools are mainly feature-based (based on amsessof technical and
operational features) and therefore exclude eayetfects of traffic noise on the
indoor environment. However, this does not exptam exclusion of e.g. noise
from equipment. Furthermore, BREEAM Office and BRYBE for dwellings

! Electromagnetic fields
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(EcoHomes) do not cover the same aspects, whichmeay that the main use
of the building influences the aspects judged tcsigaificant. For instance, a
poor thermal climate may be valued as more prokdiemawork environments
than in housing, since it can reduce productivitg aonsequently the economic
profit.

Nevertheless, aspects such as daylight and illunim@&onditions are included
in many comprehensive tools, despite the factribaither selection approaches
in Table 1 indicate their significance. This fabbws that considerations other
than environmental and health relevance also inflaethe content of tools.
Such considerations may include economic motivesh sas productivity,
customer demands, etc.

To sum up, the main recommendation from PapertBaisaspects that coincide
in many of the selection approaches are highlwegiefor inclusion in a tool.

The procedure described provides a systematic wayudtify 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 swmlecf environmental
performance indicators. The main idea was to proatese the environmental
relevance of such indicators. The suggested proeeguorganised into three
steps: 1) Sketch the environmental mechanism, etity possible indicators,
and 3) Evaluate the indicators with regard to teBoal and practical criteria. In
the first step the environmental mechanism is $legtc- from building service
to endpoint problems as in figure 1. This stepasessary to raise awareness
about the problem(s) one actually wants to countesmd consequently to
indicate with the specific indicator.
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SERVICE MEANS

EMISSIONS MIDPOINT CHANGES

ENDPOINT PROBLEMS

Increased
ambient

=1

Rise of sea level
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L—

Waste
management

Figure 1.
(Assefa and Glaumann, 2008)

Increased
draughts and
floods

»! Increased sickness Malaria/dengue
Cardiovascular
Loss of productive Respiratory
land Decreased agriculture

Decreased forestry
Starvation
Flooding death
People Displaced

Example of a building-related environmental mechanism related to climate change

In the second step, ideas on possible indicat@gased. The environmental
mechanism can function as a tool for discussingthdresuitable indicators can
be found in different parts of the chain. In Figureenergy use for heating
(kWhlyear) is an example of an indicator closehi gervice in the mechanism,
while COx-equivalents emitted is an example of an indicatore related to the
midpoint changes in the mechanism. In the last dtep suggested that the
possible indicators at hand are evaluated. In PApeeven evaluation criteria
were suggested, which were further refined to sitega in Paper 3 (Table 3).
Three of these criteria are grounded in scientfidheoretical considerations
and three in practical considerations.

Table 3.

environmental indicators (adapted from Paper 3)

Theoretical and practical criteria suitable for evaluating the relevance and usefulness of

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.
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These criteria were used for evaluating the practaad theoretical relevance of
indicators in Papers 2 and 3. The procedure usethese evaluations was
naturally subjective and rough. Some criteria a@msyeto evaluate, whereas
others, such as validity and intelligibility, areora difficult to determine and to
a wider extent based on subjective judgements.ddiitian, to allow such
evaluations it is very important that the problent(st the indicator is intended
to reflect is well-defined. However, this analytiexaluation process facilitates
a discussion of the strengths and shortcomingsftgfreint indicators. Another
strength with this procedure is that indicators awaluated regarding more
scientifically orientated criteria. Guidelines aricator selection normally only
focus on practical considerations. If the aim is desessenvironmental
performance, it can be argued that the validityeda suggested in Table 3
should be seen as superior to other criteria sinoeflects the environmental
relevance of the indicator.

Evaluation of indicatorsused in current practice

In both Paper 2 and 3, indicators were evaluatdial regard to the six (or seven)
criteria presented above. Paper 2 addresses iodice¢lated to energy use,
treatment of household waste and embedded hazasdbstances and materials
in the comprehensive tools LEED, CASBEE, EcoEffeatl NABERS, as well
as current practice in property management in Swe®aper 3 addresses
indicators for indoor environmental quality (IEQ) L6 comprehensive and
more specialised tools and guidelines (Table SajpelP 3).

Some differences between the comprehensive toots distinguished in the
evaluation. A number of the tools have an emphasismdicators that indirectly
measure the problems, for instance LEED, CASBEKpEixile, BREEAM
Office and also current practice in Swedish propenanagement. Practical
considerations seem to have been most importanh whkecting indicators in
these cases. These tools mainly use indicatorscmabe easily acquired from
databases in the companies or that embrace easiited preventive measures.
However, some comprehensive and more performamnssdbaools use
indicators that measure problems in a more direay,vwsuch as EcoEffect,
NABERS and GBTool. The evaluation in Paper 3 alsowsed that indicators
with high validity are generally more costly to usethe current situation than
many less valid indicators. In addition, the invegtand evaluation in Paper 3
showed that there is a great variety of indicatfins measuring the same
endpoint problems in the comprehensive tools studie
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Case study and recommendations

Paper 2 also tested whether it would be possiblese more environmentally
relevant indicators in practice in property manageinIndicators on energy
use, waste treatment and embedded hazardous stésstaare derived for the
input data generated from three housing units. &uaing data from real life
examples, it was possible to learn more about @odtcompetence demands as
well as the reliability of the data collection atiee accuracy of the gathered
data. It could be concluded that use of more enwentally relevant indicators
for waste treatment and embedded hazardous substanay currently be
difficult in property management organisations. sThs due to practical
limitations as well as problems regarding accui@ay reliability. However, use
of an indicator such as G@quivalents/ instead of kWh/r for the
environmental impacts of energy use would be ptssiday.

The case studies in Paper 2 along with the evaluaif IEQ indicators in
different tools in Paper 3 give insights into imi@aot considerations to be
discussed when selecting environmental indicatbisan be recommended that
indicators have high validity, and also that theg satisfactory with regard to
the other criteria suggested by the papers. Howavaractice such indicators
may be difficult to find. As a consequence, simipi@icators with low validity
may have to be used when no better alternativess. exi

The two practical tests in Papers 2 and 3 showthigaproposed procedure for
indicator selection can be used for different aggtions: for selecting indicators
for performance evaluation of environmental practic organisations or for
selecting indicators to be included in a compreivenassessment tool. They
also show that the procedure can be used for diftetlypes of environmental
aspects. It can consequently be concluded tha@pipeoach is of a general
character and can be used in different contextsder to initiate a discussion of
selecting more environmentally relevant indicatthran are currently common
in organisations and in tools.

5.3 Communication of comprehensive results (Paper 4)

Communicating and interpreting comprehensive assa#sresults that are both
complex and multi-dimensional is a well-known pegbktic task when dealing
with environmental assessments. In the EcoEffedl #&n approach for a high
level of aggregation, a presentation of resultiedaheenvironmental efficiency
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of abuilding, was developed (Paper 1). In Paper 4itleindices ELI (external

load index) and ILI (internal load index) used thsplaying the environmental
efficiency were calculated for 26 Swedish multi-fgrbuildings. The results

are shown in Figure 2, with ELI on the x-axis ahdl dn the y-axis. The ELI

reflects the total environmental impacts causedheyenergy use and the ILI
reflects the building users’ perceptions of thermlahate, indoor air quality,

noise & acoustics and daylight/sunlight conditiomghe building. This type of

result presentation enables analysis of the impawtthe external environment
and the impacts on the internal environment simelbasly in a two-

dimensional diagram. The closer to the origin théding is situated in the

diagram, the better the ‘environmental efficiendyowever, there is still a need
to interpret how well or badly a building performBor this purpose three
reference values were suggested in Paper 4 (bastiqa, societal goals and
statistical mean), which are seen in Figure 2.
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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 affections can be made
regarding the construction of the two indices drelduggested reference values.

The external load index (ELI) in the EcoEffect té@Vours the use of electricity
and heat that is not produced by nuclear powepssilf fuels, efficient use of
space and low use of heat and electricity. Suchndax captures the most
important problems related to energy use in bujdim a comprehensive way.
In this particular example (Figure 2), the spadeiehcy component had to be
excluded due to input data limits. Instead, ithe type of energy source in
particular that determines the ELI results of theldings in this study. For

example, the three buildings with the highest Etdres were all completely
heated with oil (Oil 1-3 in the figure). Only twauitdings with district heating

(Orebro and MdIndal) had high ELI scores due to district heating mixes

being based on high percentages of fossil fueladbfition, the building heated
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with electricity (Electricity) had a high ELI scodkie to the contributions to the
impact category of ionising radiation risk.

The proposed internal load index (ILI) favours Hdinfs in which the indoor air
guality, thermal climate, sound and light condian general are perceived as
satisfactory by the building users. An analysishe detailed questions in the
guestionnaires on the buildings studied showed thase four overarching
aspects of the ILI give quite a good overview af thieneral perceived indoor
environmental quality. A complication with assegsiguality of the indoor
environment in such general terms is that spedi#i® problems may be
concealed. When the questionnaire results weraestud detail, the study in
Paper 4 revealed that when more than 90% of thders were satisfied with
each of the studied IEQ aspects, it was uncommdimdospecific details of the
indoor environment that high proportions of the idests perceived as
problematic (for instance draughts from windowshug, if lower satisfaction
rates than 90% are found, it becomes more impottamhvestigate possible
specific problems giving rise to complaints. Itimsportant to remember that
indoor problems that cannot be perceived, sucladsrgas, are not included in
the index proposed and therefore have to be treeparately.

The aggregated indices are rough but nevertheléess kind that is easily
communicated and probably well suited for compassoetween buildings. The
environmental efficiency diagram effectively rewealdifferences in
environmental performance due to energy use andeptble health and
comfort problems related to properties of the bodd The location of a
building in the diagram immediately indicates wiegthnternal or external
aspects should be improved. To undertake improvemesasures in the
environmental management process, the environmeiffiaiency information
alone is not sufficient and more background infdramis needed, including
e.g. details on energy use for heating and el@gtriand more specific
information about problems with the indoor envir@mh experienced by the
building users. In the EcoEffect tool, such infotima can easily be retrieved
when using the software, which allows the user twenup and down between
the different information levels. It thus providesal transparency of the causes
of a specific environmental impact.

Possible areas of application for the diagram melacting as an overarching
objective for environmental practice of a propemgnagement organisation’s
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building stock, or for evaluating targets set ie fplanning process for a new
building. It can also be used for environmentahgabf buildings, which would
probably increase the communication value furt@are option for deciding on
rating criteria is to use the suggested refereralaeg best practice, societal
goals and statistical mean (Figure 2). The refereralues tested in Paper 4
could probably be refined further. For instance ltest practice definition here
seems to be strict, since not even the Passiveehomdd achieve it unless it
switched to electricity based on hydro or wind powe principle, all buildings
that are connected to district heating with low ss1@ins comply with societal
goals regarding the external load index. Overal, lhuildings performed better
than the current Swedish statistical mean valuebdth indices.

If simplifications of comprehensive assessmentlteqare necessary, different
impact categories have to be aggregated. The emaental efficiency diagram
described in Paper 4 provides a simple communicatpproach without having
to weigh the two completely different assessmemsiasrexternal (ELI) and
internal (ILI) impacts against each other. It thuevides a good alternative to
making single score ratings.

Finally, Paper 4 also revealed that when only timpact categories climate
change and ionising radiation risk were includedh® ELI, the ranking of the
buildings investigated did not change considerabiypared with ranking them
according to the ELI score. This implies that iulkkbbe sufficient to base the
external load index on these two impact categofibe.empirical study of Paper
4 covers the assessment areas energy use and W@@ver, the indices ELI
and ILI can be constructed in other ways. The Edn for instance also cover
external impacts caused by material use and thec#id cover outdoor or
service-related aspects.

5.4 Inventory data limits (Papers 2 and 4)

The main practical limitation when discussing thesgbilities of making
environmental assessments is the data acquisitamegs. Since a number of the
studies that form the basis for this thesis tediffdrent types of environmental
assessments on real case studies, the questionesftory data limits can also
be addressed.
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Paper 2 tested the types of indicators that weaetigally possible to calculate
and use under current circumstances and undeefairgumstances in property
management organisations. By collecting data fronee properties, a good
overview was gained of current data acquisitiontines and data existence in
the organisations studied. The case studies iitestr that the routines for
collecting existing quantitative information aretweell developed and need to
be better organised. Energy-related data are yseafly to find, whereas data
regarding waste quantities and types as well aeddddl hazardous substances
are much more difficult to obtain with adequateumacy. Better routines for the
documentation of waste quantities and of matenah®n constructing new
buildings and refurbishing older buildings wouldoal for the use of more
environmentally relevant indicators in the future.

Paper 4 used data from 26 buildings that had puslydoeen test objects in the
EcoEffect and ByggaBo projects. As a consequenuoppitant data such as
design numbers of building users could not be dsedhe calculation of the
ELI scores since such data were not collectedamtievious project tests. Apart
from these data, which demand some time to cakditatn drawings, the data
retrieval necessary for calculation of the ELIasher simple. Measured data on
energy use are usually readily available in prgperanagement organisations
and emission data can be obtained from energy igupr official data sources.
Advanced routines for passing on building informatifrom planning to
operation stages would improve the possibilitieashg the ELI concept.

Based on Papers 2 and 4 and experiences of theobldevelopment projects,
the following are some factors that can influenoe tesults when comparing
different types of buildings, if not controlled:

* Energy use data should:
0 be either calculated or measured
0 be either normal year adjusted or not
o0 represent similar conditions (e.g. % occupancy)
for all buildings that are compared.

» Electricity use data should cover the same funsti¢e.g. household
electricity, electricity for operation, etc.) forll abuildings that are
compared.

* Numbers of building users should be calculatecham game way for all
buildings that are compared.
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» Emission data should be taken from comparable ssuthat for instance
use the same allocation procedures of waste hedisfict heating.

As regards user questionnaires, apart from validiibblems because variables
other than IEQ aspects may influence the resultsufficient amount of
responses is necessary to secure statistical ismgmie. This type of
guestionnaire study is quite time-consuming andlyosince a number of
reminders are usually necessary in order to pramptfficient response rate.
However, the questions used for calculation ofltHescore could be inserted
into e.g. questionnaires for calculation of custosatisfaction indices, which
are quite common today, at least among Swedish epyopmanagement
organisations.

5.5 Environmental indicators in internal property
management (Paper 5)

Paper 5, examined a particular decision contextefovironmental building
assessment: internal environmental practice in grtgp management
organisations.

Literaturereview results

In Paper 5, a literature review on environmentafqenance evaluation was
analysed in combination with organisation theorg amvironmental systems
analysis. The main conclusion from this analysiss vlaat in order to find

appropriate environmental indicators for use i #ituation, indicators must be
both environmentally relevant and meaningful far tiganisation.

So far, the literature on environmental performaes@luation has focused
strongly on the use of indicators for external mpg. Consequently,
recommendations and practical guides on the chafiaedicators in general are
directed towards external reporting. The use oicaidrs in the external context
has a typical top-down perspective, i.e. indicattesd to represent upper
management’s ideas on what information to commu@itathe external world.
It is therefore increasingly being asked what thadeators actually represent,
and what their usefulness and meaning are in iaktenmanagement to generate
environmental improvements. In addition, data amlity often guides the
choice of indicators, rather than environmentavahce.
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Numerous authors stress the need for combining geaiah indicators
(performance drivers) and technical indicators f(pemance outcome) to
achieve efficient environmental management. Howedewvising managerial
indicators has proven to be more difficult sinceytltan hardly be of a general
character. This is one reason why managerial italisehave been used much
less than technical indicators in practice.

Literature on organisation theory can in this caht@ovide knowledge about
efficient internal management strategies, and apresgtly factors of importance
for indicators to become useful and meaningfulrmaétools. First, organisation
theory makes a distinction between leading and ihaggrelationships.

Transferred to indicator use, managerial indicai@erformance drivers) are
often understood as leading indicators and techmnchcators (performance
outcome) as lagging indicators. Formulating sudkth'eén statements’, i.e.
relations between leading managerial and laggiognieal indicators, can be a
way of creating meaning and understanding for dmeral activities in the

organisation.

Furthermore, organisation theory discusses offi¢mth environmental and
business) and operational goals and their intgioals Official (often long-
term) goals provide a reference frame for sugggsbiperational goals (often
short-term) at operational levels in the organgsatin this sense, this is a form
of lead-lag relationship. However, on the otherch@anmust be stressed that
official goals are nothing more than managerial sxahnical assumptions. In
order to devise achievable official goals, thesaiagptions need to be based on
the operational capacity and managerial methodstrategies, otherwise they
will lack support. This way of reasoning is moreadbottom-up perspective and
consequently both top-down and bottom-up approaaleesecessary.

The bottom-up perspective also relates to orgaaisaheory, stressing the
uniqueness of organisations. In relation to theaismvironmental indicators in

% The termsnanagerialandtechnicalindicators are further on used in the text. Trasoa is to stress
that both these types of indicators can be usedbath official and operational levels. The term
Operative Performance Indicators (OPI) can be mdsiey as if it is only used on operational level.
But in practice, the term managerial indicatorsthis text represent MPI and technical indicators
represent OPI.
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internal management, this has implications for ithentification of useful and

meaningful indicators. That is, managerial indicatoeed to be adapted to
managerial concepts used in the organisations, elsas an analysis of the
improvement measures different business units catribute. In addition, to be
efficient, operational goals and associated mamagand technical indicators
need to be adapted to the uniqueness of individuainess units. This fact
stands in clear contrast to the use of indicatorsekternal reporting in which

generality is often sought. Such generality undeesconsideration of both the
unique organisational features of individual orgations and unique local
environmental conditions influencing the aspectat thre environmentally

relevant in different organisations and differeasiness units.

To sum up, the literature review in Paper 5 idedithree challenges in order to
make environmental indicators a more meaningful fimointernal management
in organisations 1) Establishing meaningful andevaht relations between
indicators and environmental and business goal€Es2ablishing meaningful

and relevant ‘if-then’ relations between differdgpes of indicators; and 3)

|dentifying what is environmentally relevant fotennal management.

Comparisonsto studies on property management

Paper 5 also compared the conclusions from theaditee review to the authors’
experiences in the field of property managemennuimber of these studies
indicated that the problems found in the literatreze also highly applicable to
the property management organisations studied.r&mwiental indicators are
not used much at all and especially not as a toolnternal management but
rather as a means for the environmental coordisatmrcommunicate results
with upper management or for external reportingei@ponal units are rarely
involved and in other words there is often a topad@pproach. The integration
of environmental practice in the general managenwpoften inadequate. The
use of environmental performance indicators in éhesyanisations is almost
entirely guided by the experienced availability data and is therefore
rudimentary. Consequently, it is difficult to disnea life cycle perspective in
the practice of the organisations studied. In amlditorganisational change often
leads to data loss which makes it problematic teegete indicators. Managerial
indicators are only used in exceptional examples.
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Suggestions on environmentally and or ganisationally meaningful indicators

Paper 5 provided suggestions on how the challeageégproblems identified in
the literature and in the authors” studies couldalokled, exemplified by water
saving strategies in property management orgaaissati

The organisation formulates an official goal of x&aluction in total water use
in the entire building stock. Such a goal can wiggnanagerial action at
company level, such as the initiation of a watesirga programme. This is an
‘if-then’ relationship at official level, which cabe measured e.g. by a leading
managerial indicator (design of the water-savinggpgmme) and a lagging
technical indicator (total water use per year). Toal may also trigger more
specific operational goals and the actual meadaie at this level. However,
different units need different goals (and indicajpifor instance if there is an
information department, their goal could be to faminformation strategy for
the building users concerning water saving. If freperty management is
organised in different geographical or building éypnits, an analysis of each
unit may be necessary to identify the buildingsainich measures should be
taken and the type and extent of measures. Thtis,nb@nagerial (such as % of
apartments in the respective operational unit @agting in the water-saving
programme) and technical indicators (such as wagerin litres/apartment or’m
at respective operational unit) can be formulatethia level. Accordingly, the
goals at this level are triggered by the officiaats but matched with the current
performance of the building stock, the organisatiarapacity and possibilities
for improvement at particular operational units. 8stablish this, a bottom-up
perspective is necessary and in this process fekdbgossible in order to base
the official goals on more relevant assumptions.

Finally, if moving towards indicators with highemwronmental relevance,
technical indicators could e.g. be formulated awam of BOD (biological
oxygen demand) per litre of waste water producedsimilar, related to the
specific wastewater treatment.

When discussing potential measures to be takendier do achieve official and
operational goals, a wide array of options shoddtbnsidered. An example of
how a life-cycle or system perspective can helthis is the measures taken to
achieve energy-related goals in property manageorganisations. A goal with
higher environmental relevance than reducing therggnuse is to reduce the
environmental impacts caused by the energy use.nfdesures for achieving
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such a goal can be under direct organisationatienite resulting in direct
environmental effects, such as changing the owmggnsupply, or resulting
indirectly in environmental improvements, such asergy efficiency measures.
However, other types of measures resulting indyeantimprovements include
energy- saving campaigns directed at building uselnanges to operational
routines or to demand environmentally favourablergyp generation from
energy suppliers.

5.6 Comprehensive environmental assessment of buildings

There are a number of different options for desigrtiools for comprehensive
environmental assessment of buildings. The EcoEHed ByggaBo tools are
two examples of how this can be done. These twts tae briefly described
below in order to provide examples of different hoetological options.

The EcoEffect tool (Papers1 and 4)

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

* Quantitatively assess environmental and health dcn@eom building
properties

* Provide a basis for comparison and decision-makivad can lead to
reduced environmental impact

The tool primarily targets decision-makers withidarming, design and
management of the built environment. An EcoEffecoftvgare has been
developed within the project and multi-family remmdial buildings, offices and
schools can currently be assessed by the tool.

Assessment module

The system boundary for the EcoEffect assessmedelimited to property-
related environmental impacts, i.e. the building &me site on which it stands.
The main assessment areas and methods in Eco&féeshown in Table 4.
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Table 4. Main assessment areas in the EcoEffect tool (adapted from Glaumann and Malmgqyvist,

2007)

Overarching assessment area Assessment area Assessment method

External environmental impact Energy use Life cycle assessment
Material use

Internal environmental impact Indoor environment Multi criteria assessment
Outdoor environment
Embedded hazardous Material/Substance flow
substances analysis

Environmentally related life Life cycle costs Capitalised value calculation of

cycle costs some internal costs

The EcoEffect tool covers five main areas: EnerdWaterial, Indoor
Environment, Outdoor Environment and Life Cycle tSosin addition,
embedded hazardous substances is included, but lessaelaborated way.
Environmental assessment is carried out within eaca for a number of
different impact categories, e.g. climate changadifecation, noise, etc. The
tool is highly comprehensive, covering all the #igant environmental aspects
related to the defined system boundary. It is perémce- and problem-based
and possible to use for both planned and existiniglings.

The EcoEffect tool uses simplified LCA methodolofyy the calculation of
environmental impacts caused by the use of enerdyraterials in the building
properties. The functional unit is in general defiras the numbers of users of
the building, or as the numbers of users multipliag user hours. The
environmental impacts from inflows of materials arergy to the property are
calculated and cover emissions, waste and natesdurce depletion. The
EcoEffect software contains a database with LC4 diait different energy types,
selected material groups, reference values, edtatie used in the calculations.

For the indoor environment, the impact on humanltheand wellbeing is
assessed, whereas for the outdoor environment thetimpact on human health
and the impact on the ecosystem/biodiversity ackuded. The input data for
the assessment are convertetbtm valuesaccording to established criteria that
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are based on relevant norms, threshold values, Ettbedded hazardous
substances of the property are accounted for mstef amount and location.

A Life Cycle Cost indicator is calculated as themswf construction or
renovation costs, service (power, heating, water \aastewater, cleaning) and
maintenance costs aggregated over 50 years. Cusishave no evident or
obvious connection to the environmental impacta pfoperty are excluded, e.qg.
interest and pay-off rates, since the aim is topganm® alternative solutions.

Input module

The data requirement for the assessment is sunedarisTable 5. A number of

input data sheets have been developed for exiatgplanned buildings since
sources and requirements on data vary in thesatisiis. The input data sheets
also include possibilities to estimate material aneérgy use and to formulate
appropriate levels for environmental goals.

For different assessment applications, input daia wary. For example, the
primary recommendation is that calculated data ergy use are used since
these relate best to the performance of the bgldself without the influence
of behavioural building user patterns. Howevee, tihol can also make use of
measured data, which are often at hand when asgessisting buildings. In
addition, it is not necessary to apply the entwel.t If for instance indoor
assessment is of interest, the tool can be usednigrassessing this part. The
main difference between assessing planned andrexistildings is that for the
latter, post-occupancy evaluation through a usestpnnaire is the main data
source for the assessment of indoor and outdoorragment. For planned
buildings, the corresponding data are obtained lyersng goals and
performance requirements in a table in the inptd dheet.
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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. Response frequencies from the
Measures to achieve decided EcoEffect questionnaire.

indoor environmental goals. Measured values for radon in air,
electromagnetic fields, tap water
temperature.

Audit of problems with dampness
and risks for legionella growth.

Outdoor environment 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 environmental goals. Response frequencies from the

Measures to achieve outdoor EcoEffect questionnaire.

environmental goals established. Values for surrounding traffic loads.
Embedded hazardous | Amount of materials with Audit of embedded hazardous
substances compounds toxic to environment or | substances/materials.

human health.

Life Cycle Costs Calculated costs for maintenance, Costs for maintenance, heating,
heating, power, water, waste water | power, water and waste water and
and construction. waste management.
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Output module and interpretation of results

The EcoEffect software is built up for high transgecy of underlying data.

From the highest result aggregation it is easyrap dlown to investigate the
input data that cause each impact (Figure 3). Abmrrof different presentations
of results are available: comparisons betweenreéifficbuildings, environmental
profiles and quantitative indicators. The simplesimparison shows an
aggregated result of the impact on the internalreninent on one axis and the
impact on the external environment on the othes axithe diagram (Paper 4
and Figure 2 in this covering essay). This is anfarf eco-efficiency thinking

since it aims to display the ability of a builditg provide high quality for the

users at low environmental impact. The details lnése 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 Malmgvist, 2007)

The environmental profiles in Figure 3 are bar thags where each bar shows a
certain type of impact from a given building. Themee un-weighted and
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weighted profiles covering all impact categories ssimmed up under each
subdivided assessment area. Impacts caused byyearatgnaterial use are also
normalised and therefore display the contributimsn the assessed building
per building user to a certain impact category @lation to the total
contributions of an average Swedish inhabitanhdame category. To enable
identification of the most significant impacts cadsy material and energy use
and to present aggregated results of these, a @éabasgd weighting method for
the external impacts has been developed (Glaumnearal, 2007; Assefa and
Glaumann, 2008). In this method, for each poterdral-point problem a load
value based on estimated numbers of affected pedytation time and severity
of the problem, is calculated. These estimatesuseel to compare the relative
significance of different kinds of impacts and abthus be used as weightings.

The parts of the EcoEffect tool that assess indomironmental aspects (Hult,
2002; Hult and Malmqgvist, 2008) and outdoor envinemtal aspects (Myhr,
2007) are based on multicriteria analysis. Inpuia @se processed to load values
(0, 1, 2 or 3) and then aggregated to higher ldwehith problems and
environmental aspects in a tree structure. SaHlarweights for different parts
of the tree structure are set based on professtgéments.

The great comprehensiveness of the EcoEffect toahturally both a strength
and a weakness. On the one hand it can avoid suriisation, on the other
hand the comprehensiveness gives rise to diffdesais of uncertainties into
the assessment results, which mainly constituteutingata and model
uncertainty.

More thorough descriptions of the EcoEffect tooh ¢z found in English in
Paper 1 and in Swedish (Hult, 2002; Glaumann andmipast, 2005b;
Glaumannet al, 2007; Glaumann and Malmqvist, 2007; Myhr, 200djtkand
Malmqvist, 2008).

The Bygga Bo tool

Intended applications

This tool is primarily designed for rating existibgildings in use. It is general
in the sense that it is not adjusted to any sped¢#drget group of users. A
planned building cannot receive a rating in theentr version. However, it is
possible to use the criteria in the tool to desigilanned building against it.
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Assessment module

The assessment is primarily delimited to buildietgted environmental
impacts. In other words, it is the characteristitthe building that are assessed.
However, since the tool is performance-orientate@lso addresses impacts
caused by the particular siting of the building,. éaffic loads in the vicinity.

The tool covers three assessment areas: Energgornenvironment and
Chemicals. A fourth area, Specific environmentglureements, is applicable for
buildings with their own water supply and sewagstems. Each separate area
within the tool includes a number of environmendapects associated with
building-related environmental/health problems. lEaspect is measured with
one or several indicators (Table 6). The tool isstAn indicator system. Rating
criteria are specified for each indicator, stipmigt threshold values or
requirements for a rating A, B, C and D, where Aresents the best
performance. Guiding principles for the rating lisvenclude that C can
represent norm values/requirements for new buikliorgfor bought energy 50%
of the statistically best existing buildings in Qiea. B is better or represents
short-term sector goals and A would imply best fica¢c compliance with long-
term sector goals or that further improvements liganduld 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 Assessment Rating at Aspect Rating at Indicator Indicator
Building level Area Area level Aspect level rating
C Energy B Energy use B Bought energy B
Energy demand C Heat loss factor C
Solar heat charge factor C
Energy source A Shares of energy sources A
Indoor C Noise & acoustics A Noise evaluation or sound classification A
environment Indoor air quality C Radon concentration B
Ventilation A
Nitrogen dioxide concentration C
Thermal climate & Daylight | C Transmission factor B
Solar heat factor B
Window area or daylight factor C
Humidity C Moisture problems C
Water - legionella A Tap water temperature A
Chemicals B Occurence C Inventory and occurrence of specific substances | C
Documentation B Documentation of building materials and B
included chemical content
Phasing out B Documented occurrence of ‘phase-out B

substances’
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The process of developing the tool included lifeleythinking. However LCA
methodology is not used in the tool. MFA/SFA is @amponent in all the
assessment areas.

The Energy assessment constitutes three aspetidowit indicators. The first
energy indicator is directly connected to the Swlednterpretation of the EU
Directive for Energy Performance of Buildings, guiie on bought energy. This
indicator is complemented by two indicators thapresent a calculated
estimation of the energy demand related to thalimgldesign. Together, these
three indicators provide information on both thedtetical energy demand and
the performance of the building in use. The fouricator of the Energy
assessment is a simplified indication of the emnmental impacts related to
energy use by looking at the proportions of enexgyrces based on all energy
use in the building.

An important ambition with the Indoor environmergsassment was that the
rating would reflect the actual performance in thelding, i.e. a good rating
would ‘guarantee’ good indoor environmental qualynce a bad location can
cause an inferior indoor climate, this is therefgartly included in the
assessment. The Indoor environment assessmendéscfive aspects with nine
indicators. Noise & acoustics is covered by anaattir related to the Swedish
standards on sound classification. Indoor air ¢gyaticludes one indicator on
indoor air emissions (radon) and one indicatorlmnduality of the ventilation,
l.e. the ability to remove emissions and dampnésghird indicator, NQ
concentration, indicates pollutants coming fromabédoor air. Thermal climate
& daylight covers three indicators mainly focused window size and
constitution. Moisture is included as a specifipeat due to the health problems
it can cause. Finally an indicator on legionellaljpems, tap water temperature,
IS included.

The area Chemicals covers embedded hazardous rscgst@nd materials in the
building. This topic has been specifically highkgth in the Swedish
environmental quality objectives and in buildingctee goals. One indicator
includes inventories and the phasing out of webwn hazardous
substances/materials, particularly directed towattlls assessment of older
buildings. The other two indicators aim to guidetufe improvement by
supporting increased knowledge about embedded ibgilchaterials and the
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phasing out of substances classified as hazardoyseaple’s health or the
environment in buildings.

Finally, there are two aspects concerning buildwgh their own water supply
and sewage systems (omitted in Table 6). One italicalates to the ability of
the sewage system to reduce compounds contribtingutrophication. The
other indicator measures the quality of potableewdiased on sample analysis.

Input module

One ambition of the ByggaBo tool was to make usexasting building data,
and if these were absent to designate simplificid daquisition methods. In
some cases, both a recommended input data metlebch anore simplified
method with less precision are therefore suggedtbd. simplified methods in
general give inferior rating results since it ievant to have a higher margin for
a high rating. Accordingly, if a building owner @issatisfied with the rating
when using the simplified method, the method witghbr precision can be
used. In addition, for some of the indicators, radthwith higher precision or
more input data are demanded if to achieve higiangs. 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/m”*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 facade 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 Measured radon levels. -
concentration
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 NO, 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 Results from an audit of moisture problems | -

problems and/or documents assuring moisture-safe
construction methods.

Tap water Measurement of tap water temperatures. -

temperature

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 Documentation in the logbook that confirms

occurrence of that ‘phase-out’ substances are non-

‘phase-out existent in the building.

substances’ *

Emissions from Documentation that confirms compliance
private sewage with existing legal requirements and
systems minimum levels of separation of organic
matter (BOD7), phosphorus and nitrogen.

Tap water Sampling and analysis of chemical and
quality microbiological content of tap water.

A special feature is that in order to obtain thghlkest rating (A) on all indoor
aspects but water (legionella), a user questioaniaas to be performed and
show that the building users are satisfied withitld®or environmental quality.

Output module and interpretation

The result presentation suggested is a table cayéhne ratings of all indicators
and the aggregated results for aspects, assesaneastand the entire building
(Table 6). This presentation allows transparenogesit displays both negative
and positive characteristics of the building. Agpemethod for aggregating the
indicator ratings to area or building levels hagrberoposed. To aggregate
results from indicator to aspect (step 1), a wolass principle is used, meaning
that if there are two or more indicators for anemspthe rating is decided by the
indicator with the lowest rating. To aggregate hssinom aspect to area (step 2)
it is suggested that at most half of the aspectisdrarea are allowed to have one
rating level below the area rating. If a comprehen®uilding level result is
demanded (step 3), again the lowest area ratingesgethe final building rating.
This aggregation procedure guarantees that aneratiilding will not have
significant deficiencies on any of the indicatoreluded in the tool. A full
description of the tool in Swedish can be founGiaumanret al. (2008).

% ‘Phase-out substances’ are defined by the Swettisimicals Agency (see further Glaumasiral,
2008) and principally corresponds to the term ‘sabses of very high concern’ (SVHC) used within
the REACH system.
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6. DISCUSSION

This last chapter summarises the most importaulirfgs of previous chapters
and discusses these in a common context. By rigftecn the experiences
gained in the EcoEffect and ByggaBo tool developnpeojects in combination

with studies of current practice, other tools anigrature, more general
conclusions and recommendations are drawn on sooh development

processes. Finally, outlooks on the potential fitdevelopments in the field of
tools for environmental building assessment aresicened.

6.1 Lessons from the papers

The principal focus in most of the papers in thiesis was to establish
trustworthy building environmental assessment toalsd environmental
indicators by stressing the environmental relevaacel using systematic
procedures. One objective was to determine howgla émvironmental relevance
of environmental assessments can be achieved. Anolijective was to suggest
more systematic methods for considering theoretsoad practical concerns
when taking decisions on indicators and, in addjtido make these
considerations more explicit. These objectives waainly meant to serve the
development of the EcoEffect and ByggaBo tools, thet technical elements
and procedures developed in these tool developpresesses can also be used
by other tool developers. In fact, the procedutegested in Papers 2 and 3 are
not only applicable to building-related issues lané universal, and can be
applied for facilitating a logical argumentationoab why certain aspects and
indicators are selected in specific environmentaleation tools, and why
others are not.

The procedures suggested in Papers 2 and 3 ontaspkdndicator selection
both build on the assumption that environmentavwahce should be considered
prior to practical considerations. For instance, Papec8menends that aspects
coinciding in several aspect selection approackesnduded in the tool. In the
next step, practical arguments can be discusseen Ewugh cost-efficiency
sometimes must guide the choice of indicatorsetraduation criteria suggested
in Papers 2 and 3 contribute to raising awareneshartcomings and strengths
of different indicators.
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The EcoEffect tool includes a number of features diwengthen the
environmental relevance and accuracy of this tdotkwvcan also apply for other
building tool developers. This concerns in paracihe methods developed for
calculating environmental impacts. As describeBapers 1 and 4, these include
calculating environmental impacts per building usstead of per f using life
cycle impact assessment (LCIA) methodology for walitng environmental
impacts from energy and material use, the problased scope and the attempts
to tackle the aspect of embedded hazardous sulestanPaper 2.

An additional contribution is to integrate the assaent of internal and external
impacts, as done in Paper 4. This allows these d@assessment areas to be
viewed in parallel but without having to weight twapmpletely different
assessment areas. Paper 4 also suggests relefemanhce values, which are a
prerequisite  when interpreting and communicatingessment results. In
addition, Paper 4 suggests that in an aggregatiéchbor for external impacts of
energy use in the Swedish setting, it may be safftdo include only the impact
categories climate change and ionising radiatiak. riA strength with the
EcoEffect software is that input data and calcataiare entirely transparent. A
rather unique feature of the EcoEffect tool is thlhtaspects possible to assess
by asking the building users are measured througpeaial questionnaire for
this purpose (Hult and Malmqvist, 2008). Finallg, lBCC module is included in
EcoEffect in order to communicate long-term effedthigher investments costs
for environmental improvement measures.

Paper 5, in contrast, takes the contextual pernsigesh environmental building
assessments by discussing the context of interrealagement in property
management organisations on a general level. Ther@eknowledges the need
for a combination of environmentally relevant teiclah indicators and
managerial indicators. The performance-based EeoEfind ByggaBo tools
have an emphasis on what is referred to in Papeas 9agging technical
indicators (OPI, Operative Performance Indicatdrs)act, the indicator list in
Paper 3 gives a wide range of examples of bothnteah and managerial
indicators (MPIl, Management Performance Indicatdrg)icators referred to as
‘indirect — preventive measures’ in this list aypital examples of ‘operational
managerial indicators’ in Paper 5, which points that managerial indicators
are currently rarely used in property managemegarusations. Paper 3 here
provides numerous indicator examples in buildinglgothat could provide
adequate input into internal management of sucharosgtions. It is then
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recommended that such managerial indicators bet@wsato local action plans
to evaluate the work done. Similar integrated apghes have been suggested
by Lutzkendorf and Lorenz (2006) and Kaatzal (2006).

Cole (2006) raises the issue that new tools teroutiol on previous tools and
experiences. However, the variety of indicator $yplesplayed in the indicator
list of Paper 3 reveals that copying ideas seemdmapply on the indicator
level. Rather, it is the structure of tools angarticular the rating construction
with a ‘points system’ that seem to be componemis have been copied in a
number of tools.

The evaluations of indicators in Papers 2 and akd a number of strengths
and weaknesses with the kind of indicators that wmed today in property
management compared with the more problem-relatddtators that it would
be possible to use. This issue is also raised [rePa The reason for not using
more environmentally relevant indicators in propemnanagement organisations
is that indicators are mainly based on practicahceons such as readily
available data. Similar conclusions have been draeth in general studies
(Olsthoornet al, 2001) and studies on property management (Bruskénd
Thuvander, 2002; Malmqvist, 2004), which also fotinat the routines for data
collection are often poorly developed. Howevernoifitines for data acquisition
inside organisations are developed to become most-efficient, they can
enhance the provision of data for better indicai@shaltegger and Burritt,
2000; Olsthoornet al, 2001). Ongoing trends on improved databases and
simulation tools in the building sector will stinat¢ such development. An
example is Building Information Modeling (BIM), wth supports software
applications in which visual data are automatictaiymsferred to the assessment
in the form of figures (Hult, 2008). If a ratingaicsuch as ByggaBo achieves the
expected market impact, it will definitely suppdine establishment of better
environmental databases in property managementgethorg that can also
support improved internal assessments.

In practice, indicators that stimulate improvemeuitslirect influence taken by
property managers and/or building owners are gépefavoured by these
actors. However, these indicators are not always rniost environmentally
relevant. This dilemma is an important issue boith wegard to indicator use
for environmental performance evaluation in orgatss and regarding the
indicators to be included in building environmerdakessment tools. All papers
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in the thesis touch upon this issue. Papers 2 argug that indicators with high
validity (environmental relevance) are favoured doefindicators with low
validity but high possibilities for the building owr to directly influence the
outcome of the indicator. The results of Paper dicate that the choice of
energy source is more important than energy-efiyefor the resulting
environmental impacts. It is therefore environmiynteelevant to include the
energy source in the assessment even though ittisoeselies outside the
building owner’s direct influence to change it. Bagp concludes that the
majority of the literature on environmental perfamse evaluation interprets
significant environmental aspects as being under direct control of the
organisation. However, in a systems perspectiBrant environmental impacts
due to organisational activities could be equafllynmre important to put effort
in.

Closely linked to this is the debate as to whetheilding environmental
assessment tools should assess the potential pparfoe based on the inherent
building properties or the building in use. Papendl Cole (1999dliscuss this
topic and conclude that the recommendations ougtiepend on the assessment
context. For building design, the tool naturallyeds to be focused on building
characteristics and in this context a life cyclespective is essential since the
choices made in the design process will influente tenvironmental
performance over the building’s entire life-time.owkver, for internal
management of existing buildings, assessment délibgs in use is generally
more relevant since the property owner can workhvat wider palette of
improvement measures than just technical featureese may include tenant
information and changes in operational routinesnfzare with Paper 5). Finally,
for communication and marketing, there are manyedsht potential target
groups of the information and therefore the perspe®f the assessment may
need to be adapted to each specific group.

To sum up this discussion, in the current situatioore environmentally
relevant indicators generally result in more prafdewith generating data and
restrict the ability of the building owner to ditgcinfluence the outcome of the
indicator assessments. On the other hand, the argupnt forward here is that
it is not the practical sidenly that should determine how environmental
assessments are made, which is often the casadhqgar.

78



6.2 Reasons for and consequences of methodological
choices in comprehensive tools

EcoEffect and ByggaBo are both comprehensive to@s,meant to cover all

significant environmental aspects related to boddi They are both general, i.e.
meant for a number of different applications. Indiidn, they are mainly

performance-based, thus mostly omitting indicatbies describe potentials or
procedures that do not necessarily imply a bettetrenmental performance.

Nevertheless, the two tools display a number dedhces (Table 8) that allow
discussion about the reasons for methodologicalceboin 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, but the initiative

came from the building industry.

Researchers, guided by a
project board.

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 immesatrket introduction and
wide dissemination. As a consequence, a guiding)\yas to keep the costs for
an assessment as low as possible. This was lat@festad in delimiting the
tool content to a few indicators. Such prerequssitere absent in the EcoEffect
project, which therefore has a large coverage witite detailed assessments,
which is comparable to most internationally welblam building environmental
assessment tools. However, since the EcoEffect ilo@lo pure rating tool,
individual modules of the tool can be used for gpeapplications or particular
interests. For example, the EcoEffect tool covergdmor aspects and
production-related environmental impacts from camgion materials. This
material module is of interest in applications fegew buildings, but can be
omitted when assessing old buildings, as done ipePd. Similarly, this
assessment of construction materials was omittédeiByggaBo tool due to the
focus on assessment of existing buildings. Howevethe later stages of the
ByggaBo project it became clear that the strondgesing force at present for
using the tool is as a design tool to achieve gigated new buildings. Similar
experiences with other tools have been observeddig (2005). To avoid
unwanted steering effects if used as a design tbel,ByggaBo tool should
probably be extended to include extra indicatorgtie design application.

The EcoEffect tool was initiated by the researcimewnity, whereas the
ByggaBo tool was largely initiated by the buildisgctor through the Building,
Living and Property Management for the Future djak (ByggaBoDialogen,
2003a). This slight difference resulted in quitegéa differences in the tool
design processes. In the EcoEffect project thearebers were somewhat freer
to let current practicalities regarding data avaligy play a subordinate role.
Instead, the tool could devise future issues tochvipractice could adapt. The
ByggaBo tool, with an immediate expected marketoshiction, needed to be
adapted to the current potentials of the buildiegter with regard to e.g. the
work effort of collecting input data. On the otheand, as a whole the research
team in the ByggaBo project could design the womrkelfy, whereas the
EcoEffect research team had to consider commenteasions taken by the
project board.

Both tools were meant to be comprehensive, but dfferts to minimise

complexity in the ByggaBo project resulted in diéflet approaches to the
environmental assessments in the two tools. A ¢ifele perspective was
considered important in both projects. Howeverthim EcoEffect project it was
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seen as more essential since the main goal waset®lagp a more
environmentally relevant and trustworthy tool thiaose already existing on the
market at that time (in particular BREEAM). The Effect tool was thus
developed to cover all life cycle stages of a badd from the environmental
impacts caused by the material production, inclgdire operation phase and the
end-of-life of the building, with the help of lilgycle impact assessment (LCIA)
methodology. In contrast, in the ByggaBo projecgvipus results from LCAs
of buildings were used to suggest a ‘good enougidicator related to
environmental impacts caused by the energy uskeobtiilding. The ByggaBo
tool is thus an indicator system which providesinfation about whether the
building performs well or poorly. The EcoEffect tpon the other hand, enables
the study of results in many different ways and ricany different levels of
information. It provides both information on thetwa environmental impact
caused by the building and whether the buildindgoers well or badly.

As indicator system, the ByggaBo tool is no differe other tools like LEED,
BREEAM, GBTool/SBTool, etc. However, it is much rmaocompact and
includes performance-based indicators to a highxéené than many similar
tools. Another important difference is the methast &ggregating indicator
results to a single rating. Similar foreign tooksvé been widely criticised for
their ‘points systems’ since weightings are oftest sn unclear grounds,
affecting the final results too much and supportpmnts-chasing’ (Cole, 2005;
Humbertet al, 2007; Ding, 2008; Wallhageet al, 2008). In the ByggaBo
project, a ‘points system’ was on the agenda. Esetauinfluenced by the
BREEAM and LEED tools claimed that a ‘points systemore easily addresses
the significance of individual indicators and clescmade in a design process
(Hult, 2008). In the end, an aggregation method swagested such that an A-
rated building needs to perform well on all indarat All aspects included are
thus regarded as significant.

This stands in contrast to the EcoEffect tool, Whiacludes many more
assessment aspects. Aspects of lesser signifiGmecéhus also included, and
their level of significance is instead handled legidnating different weights to
the aspects when calculating aggregated resulteeli&coEffect tool a damage-
based weighting method was developed, providinigmdint weights to different
aspects depending on their significance (Glaumamh almqvist, 2005a;

Glaumanret al, 2007; Assefa and Glaumann, 2008). This is an plaof two

different methodological options when designinghstmols. Both approaches
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tackle the issue of addressing the significancaspects, unlike the rating tools
in which all aspects are assigned the same maxiscone.

To sum up, contextual aspects have played a moportant role in the
development of the ByggaBo tool than of the Ecoéffeol. In this sense, the
EcoEffect and ByggaBo tools can be seen as repmegetihe two different
cultures mentioned by Cole (2005): ‘those that ameompromising in their
search for accuracy and precision in describing raparting results and those
that are shaped by the reconciliation of a numibstakeholder interests’ (Cole,
2005, p. 463). However, in both tool design proessa number of issues were
controlled by the researchers without considerimgtextual aspects in order to
‘guarantee’ a certain level of accuracy and rolesgnof the tools. Main
examples include the aggregation and weighting austhletting environmental
relevance dominate the content of the tools ang#mrmance orientation. As
shown in Papers 2 and 3, aspects other than envanatal relevance often seem
to have played an important role in the final coht& well-known international
rating tools. Accordingly, the tools that have be@mmercially successful to
date mainly focus on simplicity, practicality anost-effectiveness (Cole, 2005).
LCA-based tools have not yet gained acceptancénenmarket (Brick, 2008).
The design of the ByggaBo tool provides an exaropleptions to enhance the
environmental relevance and accuracy of simpliffedket-based tools.

6.3 Reflections on tool design processes

In theory, it is desirable for tool design procastebe closely connected to the
expected decision context of the tool (e.g. Wrighetral, 2002). However, in
both the EcoEffect and ByggaBo projects it waseajewident that this idea is
often an ideal aspiration. In order to manage thasge R&D projects, a wide
group of stakeholders had to participate. Divergimeys in these stakeholder
groups about the expected outcome were commonhanefore many different
ideas on potential applications guided the projeuisa single one.

One example is the discussions about the contetiteoByggaBo tool. Some
stakeholders strongly pressed for some aspectsasudhylight conditions to be
included. An important argument raised was thatoitild increase the interest in
using the tool since daylight conditions are impnottto building tenants and
residents. Others made very clear that it shoutdoeopart of the rating. This
discussion also exemplified the process of balanaaientific and practical

82



concerns. The process described in Paper 3 mdes®formed the foundation
for the researchers’ proposal of IEQ aspects tanbleided in the tool. When
handed over to the user group, other arguments ehamonmental relevance
generated small changes in the proposal. Thus,syséematic approaches
described in Paper 3 became guiding but not firdetgrmining.

Such examples show that participatory approachesitably raise different
viewpoints, as in e.g. the GBTool development pseceescribed by Larsson
and Cole (2001). Their experiences were that gracérs preferred qualitative
descriptions, whereas researchers preferred mornectole, measurable
indicators. Practitioners wanted the tool to beduse practice, whereas
researchers saw the development of the GBTool nawea process for
discussing methodological choices, etc. LCA methogip was perceived as
much more interesting by the researchers thanrdwifoners.

Dammann and Elle (2006) shed some light on diffenaewpoints often
revealed in similar development projects. They idiexd four different frames
or understandings of what constitutes ‘good’ enwmnental indicators for
buildings. These four frames more or less corregptn the actor groups
politicians/administrators, researchers, architacts lay-persons. Each of these
groups has different ideas on for instance the ndefh of a relevant
environmental indicator, the environmental focustloé indicators and their
characteristics. In addition, all these groups hdwierent goals for using the
indicators and consequently have different demandsadicator characteristics.

The features described above include typical elésneoncerning stakeholder
participation in transdisciplinary work, such asowmedge production in the
context of practice, the problem of addressing iplgltactors’ points of view
and the need for transgressing disciplinary bordamd method traditions
(Nowotny et al, 2001). In addition, the research team of the EegE project
was hand-picked and more easily agreed on a contanget than the ByggaBo
team. On the other hand, the research team was langl more interdisciplinary
in the latter project and in the end the team was &t agree on a common
proposal for the tool. This process was extremeghe{consuming and many
compromises had to be in the disciplinary culturethe respective researchers.
However, it can be argued that this process caritxth to the evolvement of
increased understanding, credibility and acceptahtee tool.
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6.4 The future of environmental building assessments

The process of market introduction and implemeaoiaof tools and indicators
discussed in this thesis is progressing slowly. iRstance, to this date 2400
buildings/20 million M have been certified by the most widely used Swredis
tool Miljostatus (Miljostatusforeningen, 2008). depment of the EcoEffect
tool started back in 1998 (Glaumann, 1999) but stdodsed on life cycle
methodology are still used very rarely in Swedemicfg 2008). So far, the
GBTool (now SBTool) has only been used for R&D pmsgs even though it
may have played a role in inspiring the developnmational tools (Larsson
and Cole, 2001). What are the contributions therias?

The initiatives on building assessment tools oatgnfrom the belief held by the
research community and by authorities that perfamearating could play a
significant role in driving market transformatiomwards higher building
performance (Larsson and Cole, 2001; Sundkeisal, 2006). One important
contribution is that such tools serve to identiéttbr practice than current legal
requirements (Larsson, 1999) and to provide baselamd references for highly
performing buildings. In addition, experience shaWwat a secondary pertinent
benefit of building assessment tools is that thap encourage a dialogue
between the different stakeholders of a buildingjgmt (Cole, 2005; Kaatet
al., 2006). There are also additional potential oue®mwn a societal level, such
as serving as a means to reach environmental goalsd by society and to
evolve the practice and culture in the buildingusitly. However, so far there
are few studies on the actual contributions of swdts since they have only
been applied to a small extent.

To date, building environmental assessment toole lhmainly been used by
primary tool users such as building owners/managdesigners/architects,
consultants, and in a few examples, urban planRetgntial secondary users of
the information provided, such as purchasers/imvestoccupants, authorities,
do not often demand this data at present. Accortinundkvistet al (2006),
the Swedish building industry experiences a nundbedrivers for performing
environmental rating of buildings: marketing (pussing requirements, market
advantages), regulations (to show voluntary inies in order to avoid
legislation), mandatory energy declarations, pmitidemands from public
owners, internal demands (improvements in the sbnté environmental
management systems, sector commitments) and pbfoemvironmental
concerns. It is evident that at the time of thisdgt the described drivers for
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higher integration of environmental assessmentslaity practice were still
rather weak.

Cole (2005) and Lutzkendorf and Lorenz (2006) raseumber of emerging
trends that may reinforce drivers. In a few cowstribuilding assessments are
beginning to be mandatory. One example is the God8ustainable Homes in
the UK (Department for Communities and Local Goweent, 2007) which is
mandatory for all new single family homes after 22008 (BREEAM, 2008).
In addition, there are emerging examples from adotine world of authorities
and other actors demanding information that canphmided by building
environmental assessment tools (Cole, 2005; Luthixdérand Lorenz, 2006), for
instance to provide subsidies or reduced inteegssron loans (Lutzkendorf and
Lorenz, 2007; Peuportiezt al, 2008).A few studies published in recent years
also show the economic benefits of environmentailijy-performing buildings.
Two large American studies have concluded that renmentally certified
(LEED or Energy Star) buildings could take out 2% renin market rent per
square foot compared with similar commercial buddi in the same area
(Eichholtz et al, 2008) and that investment of an extra 0-2% irtasniable
building can result in life cycle savings of 20%tbe total construction costs
(Kats et al, 2003). The Royal Institution of Chartered Survsyas concluded
that the relationship between market value andrsupenvironmental building
performance is currently beginning to be appareRitCE, 2005). Such
developments will naturally lead to reinforced mia drivers within the
building industry and to higher recognition by fnteéal and insurance sectors.
Litzkendorf and Lorenz (2006) conclude: ‘there amv several groups of
actors (banks, rating agencies, advisors and \gldleat will soon fully detect
their need for robust building assessment resili§tzkendorf and Lorenz,
2006, p. 341).Finally, another future issue is the expected tréomards
sustainability assessment, i.e. integrating soam economic issues into the
same assessment (Cole, 2005; Kaatl, 2006; Lutzkendorf and Lorenz, 2006;
ISO, 2008).

The trends described place new demands on builiiegssments. For example,
extended use for communication and marketing regumore transparency and
credibility (Crawley and Aho, 1999; Lutzkendorf andorenz, 2006).
Liatzkendorf and Lorenz (2006) argue on the one hinad comprehensive
assessment tools need to become more robust astavdrthy. On the other
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hand, the assessment process and presentationsufsrdiave to become
simpler.

Common criticisms of well-known rating tools inckidhe drawbacks of the
‘points systems’, lack of equal significance comagy different credits, lack of
transparency, too much focus on simplified quardifons, innovation-
hindering effects due to feature-based indicators the doubtful relevance of
making national adaptations of the BREEAM and LE&#DIs (Crawley and
Aho, 1999; Glaumanet al, 1999; Cole, 2005; Lutzkendorf and Lorenz, 2006;
Humbertet al, 2007; Ding, 2008; Myhr, 2008; Wallhaget al, 2008). These
criticisms are not surprising since experience shtivat factors for success in
market implementation to date are the organisatiand market context along
with the financial and political support the toatceives, rather than the
technical features and rigour of tools (Cole, 200®)e EcoEffect and ByggaBo
tools and the approaches suggested in Papers 2B aré all examples of
reactions to this type of criticism, i.e. they aimimprove the environmental
relevance and accuracy of building assessments.

Moreover, comprehensive, trustworthy and detaibedst are necessary in order
to identify the hotspots and thus to make trustimogimplifications, which is
also necessary if expanding the scope to sustéitgaassessment. Brick (2008)
provides an example of how the Swedish LCA-basesir&mmental Load
Profile can be simplified by omitting input datademn to have a subordinate
role in real-life case studies. Paper 4 providesttaar example of how impact
categories can be omitted in aggregated indicesifgplified communication of
comprehensive assessment results. The ByggaBogratol can also be
regarded as such an example and the tool can alsedn as a response to the
criticism that current, complex tools give bad g@uide on significant
environmental aspects (Ding, 2008). Accordingherénis a need for parallel
development of comprehensive, environmentally @ @ev and accurate
assessment procedures on the one hand and mdseaggdied assessments on
the other. The first category, e.g. the EcoEffeot,tcan then provide the second
category, e.g. the ByggaBo tool, with possible miiEes and simplifications on
more scientific grounds. Lutzkendorf and LorenzO@Qsuggest that future tool
developments may combine complexity and user ftieass. The EcoEffect
tool possesses this potential but has yet not nethtigestablish a user interface
with low demands on the tool user.
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Even though the EcoEffect and ByggaBo tools takpontant steps towards
environmental relevance and robustness, there tdrersvironmental aspects
that are neglected, in particular land use assegsineaddition, impacts related
to material use, such as reuse/recycling poteraiats assessment of embedded
hazardous substances may need further developnidm. accuracy and
precision of the tools has yet not been tested wchmextent, nor has their
contribution to unwanted controlling influences.

This thesis centred on the technical content aratacheristics of tools and
indicators. However, if tools such as ByggaBo andoHfect or the
indicators/assessments they can provide are todoe widely used, much more
emphasis needs now to be placed on contextual taspec on tailored
adaptations to specific user groups (Cole, 2005atK&t al, 2005). The
technical improvements are important, but a pentineontribution of
environmental building assessments can also bethiegt encourage a vital
discussion of sustainability concerns, affect mlentodes and stimulate
innovation (Robinson, 2004; Kaaet al, 2005; 2006). Consequently, such
assessment tools need to be better integratethietoormal working procedures
of primary and secondary users and environmentabg@ment practice.

For example, much of the environmental performaneealuation in
organisations has been directed towards extermalmtmication to engender
public trust (Power, 1999). However, for environtamperformance evaluation
to be a tool for driving environmental improvememtorganisations it must be
more directed towards use in internal managemeapeP5 discusses this
context-related issue in greater depth and shoved perspectives from
organisation theory shed some light on understagnttie sometimes simplified
interpretations in environmental literature of ademal and managerial
environmental indicators.

Another interesting example is the development mi@ks of merging
environmental building assessments with the asssgsmmade by different
secondary users. Lutzkendorf and Lorenz (2007) rdesanitial efforts to
integrate knowledge of the sustainable building womity with the financial
sphere, one example being the refined risk assedésna@d property ratings
currently necessary in the banking and investmahistry in order to meet with
new legal requirements. They regard this as an pbearaf an interesting
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opportunity for integrating experiences from bulgli tools with working
procedures in the banking industry.

Finally, for tools like the ByggaBo and EcoEffect become more widely
implemented, the issue of the party responsiblef isnportance. International
reviews show that the most successful tools to dedeoperated by so-called
environmental building councils. These organisatiare both market orientated
and have strong links with the building and corndtam sectors and with
research. Individual consultants and research tuinss have proved less
successful and official authorities have so far heen much involved with
similar voluntary initiatives.

To date, the improvement of technical features amfist has dominated the
research community engaged in tool developmentefaronmental building
assessments (Cole, 2005). The majority of topisedain this thesis are typical
examples of this tradition. Such improvement i stiportant in creating better
tools and supporting the trustworthiness of théstdd the assessment results of
such tools are used by secondary users to a h@tient, for instance to be
linked to economic incentives, the robustness, ipi@t and trustworthiness
become even more important since juridical aspasts have to be considered.
The integration of such theoretical and technioghrovements of these tools
with in-depth contextual discussions for specifipplécations is now an
important emerging prospect in this field.

6.5 Future research topics

There are a number of conceivable applicationseforironmental assessment
tools for buildings that are interesting to deveibthese tools are to generate
the market transformation effects that were iditialutlined. The main areas of
application for these tools as described in thekdpauind of this thesis are
commented on in the following.

As regards internal management in property manageorganisations, further
research can build on recommendations and issussdran Paper 5 of this
thesis. Building environmental assessment tool&dcortovide input on potential
environmental performance indicators to be usedifferent contexts of the
internal management processes. A number of Swedistepth studies on
environmental practice in property management asgéions (Svane, 1998;

88



Nilsson, 2003; Malmqvist, 2004; Brunklaus, 2005 aurrently becoming out-
of-date and should therefore be revised, sincer@mwiental management has
been a changing landscape in recent years. Oneatismpdopic in this context is
to explore how existing databases in these orgamisacan provide building
assessments with data. Examining how tools su@yggaBo can contribute in
driving internal environmental performance in suolganisations is also
relevant. For example, it would be interestingttalg the concrete improvement
measures an improved rating would stimulate fofed#int building types and
whether there is a need for economic incentivesraadns of control that can
motivate the organisations to work for improvediding ratings.

The LCA-based tools such as EcoEffect have noggeted wide acceptance as
design tools. One reason is the problematic is§leck of data in early design
phases. A number of ongoing projects address $higei(e.g. Peuportiet al,
2008) which are interesting to follow. Developingnmpatibility between
different softwares, such as relating Building mmf@ation Modeling (BIM) to
environmental assessments, is definitely an idsatevtill help incorporate more
of a life cycle perspective into the design proceEgperiences in the
development of the ByggaBo rating tool clearly shthwat there is a great
interest in this tool among architects, buildingoguwcers and property
developers. The current version of the ByggaBo $boluld therefore be adapted
into a design tool in order to stimulate the desajrhighly rated buildings.
Another potential development of such tools wouddtd incorporate aspects of
localisation (e.g. transport generation, ecosystemd biodiversity impacts,
climate adaptations) in order to use them or limmnt to tools for sustainable
city developments. The Swedish Environmental Loadfileé (ELP) tool
(Forsberg, 2003) is already being used in thisecdnbut it does not cover all
important areas of concern.

Finally, developing such tools further for more gpe communication and
marketing situations probably has a high potent@dcondary users of the
information provided by these tools have so fayg@tha subordinate role in the
development of building environmental assessmerstan all nations
(Latzkendorf and Lorenz, 2007; Ding, 2008). If banknsurance companies,
investors, authorities and other potential secondasers are to provide
economic incentives that can be connected to this,ttheir marketability will
rise significantly. To achieve this, there is adeée establish selected, specific
projects in which competence within sustainabldding assessment is merged
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with assessment and valuation competence in segondar organisations. One
potential development is most certainly that indinal modules of accepted
building tools can be used for specific purposesdpondary users.

Such contextual developments would probably berfein the use of a
transdisciplinary research approach. Such proemitd therefore also serve as
input to methodological development of this reskaapproach which will
certainly play a more important role in the futulre all these above-mentioned
applications, there is a close connection to suahality assessment. So far, the
tools discussed in this thesis in particular coeeological sustainability.
However, the integration of other sustainabilityncerns in different decision
contexts in relation to building environmental asseent tools is definitely an
emerging and challenging issue.

The use of tools for environmental building assesgmis currently increasing
but is still at a proportionately low level. As esult, the effects of these tools
are still quite unexplored. Do they contribute toofpund environmental
Improvements, innovation, in-service training amdreomic benefits? Do they
have the intended and desired guiding effects?i#ag¢ used and are the results
interpreted in appropriate ways? Such issues #iractmuch discussed, but are
very relevant to address in future works centrednomne practical experience of
these tools.
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