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Executive Summary

Specific LCA methods and environmental rating t@olks considered useful by
practitioners in achieving environmental goals beycegulation all the way from early
stages of a construction project. For both LCA rmdthand environmental rating tools
simplicity and ease-of-use are important factors.

Key drivers for setting environmental goals beyosgulation include public institutions
addressing societal demands, local authoritiedractors, developers need for spearhead
projects for profiling of municipality or companwyé client branding. Access to public
subsidies or incentives can provide additional@hsvor high environmental ambitions
and/or use of LCA in the design process, for examplcontribute to higher LCA
competence in the design team and the possililipetform LCA calculations.

The use of LCA in construction projects is stilgdut case studies in which LCA was
introduced very early in the process display betesign options in environmental terms
that would have been taken without using LCA. Ssutcessful processes are
characterized of including environmentally conssiand experienced key stakeholders
(project managers, clients, consultants).

1 Purpose and scope

The main objective of WP4 is to collect experiengesational, European and
International level of use of LCA in design proassThe WP is aiming at finding
examples where active use of LCA and environmeags¢ssments has resulted in more
sustainable constructions.

The WP covers a number of different case studies.fifst type of case study covers the
use of LCA tools in practical examples, in cooperatvith architects and others
involved in the process. These cases are spebifaalered in this deliverable, D 4.1.
The second kind of case study focuses more spaityficn LCA features which were
pointed out as important and challenging by WPthisf project. One such feature
includes the use of different scenarios in LCA ®widings or building-related products,
which is covered specifically by deliverable 4.2l work package. Deliverable 4.3
lists case studies used in the entire LoRe-LCAqmtogind also includes full reports the
LCA case studies performed by project partnershferproject.

2 Methods

For the present report, a number of real cases stedeed aiming at collecting more of
in-depth qualitative information about extra intstheg and information-rich construction
projects/programs in which life-cycle approachesefse used. There were two main
aims:
1. To provide in-depth process information about whg how life cycle approaches were
used and how it might have affected practice (glog input to D4.1).
2. To provide input if particular LCA scenarios werged and if so what scenarios were
used and why (providing input to D4.2).
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Cases were identified by each partner. Cases Wsyesaught for outside Europe,
however no such cases are referred to in this tepere are two main reasons for this,
firstly it was difficult to find interviewees whaooaild provide us with the in-depth,
qualitative descriptions that we aimed for. Secgntile case examples provided by the
partners seemed to cover the range of issues weavemhighlight and it could be
assumed that only limited new information couldobevided by more cases outside
Europe.

The interviews were performed with one or more gegsons who had insight into the
process of using life cycle approaches in the caasbn projects. The interviews were
quite open in their character, mainly searchingrit@rmation about why and how
decisions were taken, but based on an interviedegwhich is found in Appendix 1.

In extrapolating from the specific case studiesvatio general conclusions about how
higher environmental performance can be achievedmstruction projects it is well to
keep in mind how the method applied in this study (mainly deep interviews) delimits
the range of the conclusions that can be drawstl¥it should be pointed out that the
assembled case studies are not intended to repagserhaustive survey of (as near as)
all the ways in which high environmental targetsioildings are achieved in practice.
Rather these case studies should be viewed asvpasiamples where processes and
tools have been applied in practice with positesuits, that may be applied with benefit
elsewhere. That is, cases which we can learn mone. f

3 Introduction: Experiences of use of LCA in design
processes

Despite the existence of numerous LCA tools fotdags and the proportional high
environmental impact of the building and constretsector, the implementation of life
cycle thinking progresses slowly and quite few pcat examples exist of how the use of
LCA (or at least life cycle thinking) has actuadlifected construction projects. The focus
in this deliverable lies on use life-cycleapproaches regarding environmental
assessments. In addition, it should also providegss information about why life cycle
approaches were used and who initiated it and ha¥fected practice.

The cases studied are reported below as narratheey a number of themes. The outline
of each case follows in most cases the followingcstire:

1. Brief description of building, construction, etc
2. Brief description of the assessment tool/life cyagpgroaches used in the process

3. Why was the tool/life cycle approaches used in pinigect? Who (asked
for)/demanded it and for what reasons?

4. Which topics/indicators where targeted?

a. Was resource consumption over the life cycle arontamt issue?
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5. How was the tool/life cycle approaches used inpitoeess

a. What input data was used, sources of information?
b. Who was actively engaged in using the tool?
6. Did the use of the tool, calculations, etc influerice final design? If so, how?

a. Why was the final design influenced? Which actdaygd important roles
in this process?

4 Results of interviews and studied cases

4.1 Swedish case studies

4.1.1 New design driven by environmental rating/cer tification
schemes - Kungsbrohuset in Sweden

Description of building, construction, etc

A current Swedish example of how environmental sgsent tools can impact the design
is Kungsbrohuset in the middle of Stockholm. Thentlis the company Jernhusen which
owns, operates and develops properties along tleeliSkvrailway system (stations,
offices, depots, etc). The building Kungsbrohusi a total area of 270007 under
construction and the first tenants will move inidgrearly 2010. It is a 13 floor building
with parking, recycling station, bicycle garagdloors 1-3, restaurants and retail space
in floor 4 (2500 M) and offices in the rest of the floors (19500 ni)e building is
situated just above the main railway station inct@lm.

Description of the assessment tool used in thega®c

The ambition was to be certified according to GRaglding (GreenBuilding, 2011), P-
labelling (SP, 2011) and to acquire the highestgaigold) according to Miljobyggnad
(www.sgbc.se) (Malmqvigt al., 2009). Miljobyggnad is a comprehensivengatool
which assesses the following main environmentatetsp bought energy, energy
demand, energy source, noise & acoustics, therinadte, indoor air quality, daylight
conditions, legionella and content of hazardous&uizes in construction materials. For
each aspect, one or more indicators are assessedliag to criteria for the levels gold,
silver, bronze and classified. A bronze level farstnindicators relates to compliance
with current building norms, recommendations byhatities, etc. The tool was
developed to cover the most significant aspectgeadlto buildings over a life cycle,
however, life cycle calculations are not perfornbgdhe tool.

In addition, in the design stage LCC calculatiomsewsed to provide decision support
regarding specific HVAC installations (e.g. vertitda heat recovery, choice of heating
system and the design of the building envelope).

Why was the tool used?
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It was decided early in the process that this mgighould be an environmentally
leading building, and constructed and credibled@atre sought in order to be able to
make such statements for marketing the buildingisnokremises. The underlying cause
was both to use the project for creating a gerpsitive image for the property company
and in light of demands posed by current officeatés. A review of potential tools to
communicate the environmental image was performesailting in the client choosing 3
environmental labelling/rating tools for buildintgat the building should comply with.
The three tools include the European Green Buil@@mgenBuilding, 2011) certification
(where the focus is on energy efficiency and enengnpagement systems), P-labelling (a
Swedish tool focused on quality of the indoor eoniment, SP, 2011) and Miljdbyggnad
(Environmentally rated building), described aboMalmqvist, et al., 2009). There were
a number of reasons that the client’s steering citteenselected these tools specifically.
Miljobyggnad was more explicitly chosen as the ntawl for a comprehensive
environmental assessment since it was perceivbd tobust and adapted to Swedish
conditions and building standards. The P-labeNMag found to be interesting for the
project since it includes requirements to followtbp performance of the building
constantly during the operation stage. The GrealliBg tool was chosen mainly
because it is a well-known brand in Europe, andefioee increased the potential for
marketing and profiling the project outside of SeedA general perception in the
project steering committee was that these threls tmmplemented each other positively
and that it would facilitate the environmental mgement of the project by using the
indicators of the tools as targets for the projexsttead of developing a specific tool for
the project itself, that may not be able to be uUseduture projects.

Targeted indicators

Due to the connection to the three tools usedt ttweitent guided the choice of focused
indicators. Main targeted indicators include: baugergy, energy demand, energy
source, noise & acoustics, thermal climate, indooquality, daylight conditions,
legionella and content of hazardous substancesnistiziction materials. These three
tools are all focused on the operation stage délimgs and regarding resource use, it is
therefore mainly the use of energy during the apmrastage that is focused. The tool
Miljdbyggnad has so far omitted environmental asseEsnt of the embedded emissions
and resources use of building materials, a reasowliich is that it was focused on being
developed for use in existing buildings. Thus, tese usger sehas therefore not been
of high focus for this project. Actually, it can beentioned that the client demolished an
office building built in the beginning of the 198t@smake room for Kungsbrohuset. The
reason for dismantling this building was that itlhrumerous problems regarding PCB,
radon levels and bad indoor environmental quatitgeneral.

The use of the tool/life cycle approaches in thacpss

The criteria in Miljobyggnad were used as environtaktargets for the design team
during the planning process and thereby influenthedinal decisions taken on the design
and technical solutions. Input data therefore nyatohsisted of drawings and
simulations in different steps of the design prec@&se assessment tools were mainly
used by the environmental consultant of the detagm.
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Tool use and the influence of final design

The building had very high ambitions from the begng and for instance it was already
decided that Kungsbrohuset should be heated gartilze excess heat from the
approximately 200,000 people who pass through #m@r@l Station each day. This heat
goes through a heat recovery system and transfernedter, where it is then pumped
into Kungsbrohuset where it is used for base-lagatihg. In the process, it was verified
that this solution made it possible to reach tlghést rating (gold) for the indicators in
the rating tool Miljoklassad byggnad related torggaise. However, the client also
demanded glass facades and this fact providedguorablo reach the highest rating due to
the high solar loading it would create. The us#hefrating tool in this case led to
rethinking of the way in which windows/glass facaaeere used in the design. The result
of this is that Kungsbrohuset is now constructetth\an energy efficient facade, with
window glazing that lets in visible solar radiatiggar round, but not the thermal
radiation in the summer. The innovative construcbbthe glazing will let everyone in

the building enjoy a maximum amount of daylightdewn wintertime), while requiring a
minimum amount of cooling in summer.

The design team concludes that the tool provid@mple and practical way to work with
construction adjustments in the design stage ieraareach higher rating by the tool.

Concerning LCC calculations, these were also usedrbviding decision support in
choice of HVAC installations and the design of th&lding envelope. For example,
geothermal heat pumps were chosen as prime mawettsef heating system (apart from
making use of the excess heat of the Central st&ioninal) and these calculations also
led to the decision to not install individual métgrand billing of heating for the tenants.

Sources of information

Interview was carried out with:

Anders Lood, environmental consultant of the dessgm

Lectures by:

Klas Johansson, environmental manager of the psopamer Jernhusen

Karl Sundholm, project leader for KungsbrohusehtaitKungsbrohuset (2011)

4.1.2 Evaluation of environmental targets for a new city district -
Hammarby Sjéstad, Sweden

Description of building, construction, etc

Hammarby Sj6stad is Stockholm’s largest urban dgweént project for many years and
involves the reconstruction of old brownfield arsdgaated immediately South and South
East of Stockholm city centre. The constructiomhef new city district started in the end
of the 1990°s and is currently planned to be dgtcempleted in 2017, at which point it
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will comprise approximately 11 000 apartments f610D0 inhabitants and 10 000 work
places.

The City of Stockholm declared in the early 199ba& Hammarby Sjéstad would have a
high sustainability profile and serve as a forermfor both ecologically sustainable
construction and living. The overall target set foutthe development was “twice as good
as today”, that technical solutions should be inapbby a factor 2. The underlying
reasons for the environmental visions for Hammajbgtad were the current
environmental debate and more specifically, thati&tolm City worked with an
application for holding the Olympic Games in Stoakh in 2004. Hammarby sjostad
was then meant to be built as the Olympic villa@e.the one hand, the International
Olympic Committee had increased the environmewotai$ and put environmental
requirements on the applications. On the other htwedapplication had major and
vociferous opponents both among some politicaliggeind among environmental
NGO’s. Establishing a cutting-edge environmentagpm was also strategy to appease
opponents to this plan. Another argument from llegglioliticians and proponents of the
Olympic Games application, was that a cutting-eelggronmental city district would be
a good way of marketing the City of Stockholm adl we Swedish environmental
technology and skills.

In light of these conditions, an environmental perg was produced in 1996. Adoption
of this program politically occurred two months dxef the Olympic application was sent
in and the program with it's environmental targetse therefore established quite
quickly. While the program’s overarching quantiatiarget was “twice as good”, the
main quantitative (and much-debated) target wasnangy demand for the buildings of
60 kwh/nf.

However, the subsequent development processeotidtimately strictly follow the
environmental program. A key issue here was tradthtribution of land permits did not
include legally binding environmental requirememsyvelopers were only bound to
“strive towards” reaching the goals. This was cdesed expedient at the time since
inclusion of binding environmental requirementsha permitting process would only
make it even more complicated. Other examples declypal conflicts in the
development process, where the environmental rexpgints were deprioritised.
Specifically, a harbour view for residents was ghhj-valued quality objective, which
resulted in large windows facing North and a highdew/facade ratio, leading to a
higher heat demand (since windows’ heat resistaa@bwer than those of wall
constructions). In the development process in gemtewas expressed that whereas the
environmental program established specific goalgladines and other assistance as to
how these cutting-edge environmental goals weletachieved were lacking.

Description of the assessment tool used in thega®c

For the purpose of following up the target “twicegood”, a tool called the
Environmental Load Profile was developed. The tedife-cycle based and enables
calculation of environmental impacts from the lewean individual resident up to total
impacts for the entire city district. When used ammarby Sjdstad as a whole, the
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project was divided into different activities tiveére each analysed in terms of their
respective environmental impacts. The differenivais divided the project into time
periods of the project such as from zero to usadyduilding, management during
building use and demolition (including e.g. recygliand landfilling of the building
materials). Emissions to air, ground and watemaitified for significant activities
related to the construction, operation and disnrantf the city district and its buildings.
Contributions to the impact categories global wagnieutrophication, acidification and
photochemical ozone formation, production of radin@ waste, use of non-renewable
energy and water use is then calculated basedeoentissions.

The tool has been developed in a collaboration éetvEtockholm City, a technical
consultant (Grontmij AB) and the Royal InstituteTefchnology (KTH) in Stockholm.

Why was the tool used?

Despite that the environmental program of Hamma@&jégtad could have been a more
governing document, Stockholm City stressed in camoation with the developers that
it would evaluate the fulfilment of the targetsaddished in the program. This is the
specific purpose for which the ELP tool was devethpmlthough it was developed after
the fact. When the environmental program was d@esldhe practical evaluation of the
targets was not yet concretized.

The Hammarby sjostad project was initiated in setwrien adapted LCA-based building
tools or rating tools were still quite absent, wiwas a reason why the ELP tool was
developed more or less as part of the project. Amian with this development was to
clarify the “twice as good” objective more in dét@nd in a quantitative way.

Targeted indicators

Key environmental targets for the development idetl
» Establish a local eco-cycle for resources
e Minimum consumption of resources
* Reduce energy consumption
* Reduce tap water consumption
» Utilize sewage for energy extraction
* Building materials are to be renewable or recydabl
* Total soil decontamination
* Restore the lake
* Reduce transport needs
« Stimulate community feeling and ecological respbitisy among the residents

Regarding resource use, the environmental targets been very focused on recycling of
household waste. Secondly, a target regarding das#terials in the construction stage
has been used focusing at avoiding the waste taemd a landfill. There is also a target
related to limiting the use of natural gravel andd An important reason for this target
is probably that that it is a environmental tangehe Swedish National Quality
Objectives.
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The indicators calculated by the ELP tool are:
- Contributions to climate change (g €€q.)
- Acidification (mol H'-eq.)
- Eutrophication (g @eq.)
- Tropospheric ozone production (gHG-eq.)
- Radioactive waste (ch
- Non renewable energy use (kWh)
- Water use ()

The use of the tool/life cycle approaches in thacpss

The use of the evaluation tool ELP was strictlyddticed as a means for the City to
follow-up the fulfilment of the environmental tatgeThe developers did not use the ELP
tool themselves. Developer involvement was limiedompiling input data for the City

of Stockholm and the consultant they used for n@kaidculations and evaluations with
the tool. Already the land permit contracts corgdiclauses that the developers were
required to deliver input data for the evaluatiéith@ environmental targets to the City.
Therefore, even though life cycle thinking wasam sense an overarching aim in
project development, life-cycle calculations did gaoide the projects and their design,
urban form, etc.. Rather they have only been usegrbject evaluation against the
authorities and probably not even as feedback veldpers.

The input data for the evaluations which were penfd with the ELP model comprised
mainly simulated data, and not actual, measuragegalAround 10 developers of around
20 estates have collected information about questiif different building materials,
calculations of energy use during the operatiogestnd some technical solutions in the
building properties.

Tool use and the influence of final design

It is very unclear from both interviews and writteraterial about Hammarby Sj6stad,
whether the use of the ELP has had any influendkeofinal design of buildings. Since
the tool was not used in the design processeslikaly that it is rather the detailed
environmental targets which have played a roleoActusion from this process may be
that a number of these detailed targets (like dhget regarding energy demand and
targets to select non-hazardous construction nadggrvere highly debated among the
developers at the time, with many expressing thay tvere impossible to reach. In the
event, these targets were not reached, at least tiw first project phases. However,
these targets probably played an important rolénimeasing competence and knowledge
related to these issues since at least large dealmow have integrated more such goals
into their daily practice (as can be inferred freapecially the Vattenfall case study in
this report).

Sources of information

Interviews made with:

Kerstin Blix, environmental officer of Hammarby sjad at Stockholm municipality
Lars Fyrhake, developer of the Environmental loedfile tool
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Written information:

(Svane, 2007), (Green, 2006)

4.1.3 New Office Headquarters for Vattenfall AB

Description of building

The building in question is a new office headquarter Vattenfall Norden AB,
Vattenfall AB’s Business Group in the Nordic couedt It is a new build on a brownfield
site called Arena Staden, which is situated omtir¢hern side of the City of Stockholm.
It has 40 000 fclimate-controlled area and will provide workspémeapproximately
2000 employees.

Description of actors

The main building contractor on the project was BEA large publicly-traded Swedish
construction company. The building owners and dgpeis are Fabege, a publicly-traded
Swedish real estate company and the tenants aten¥at Norden AB, the state-owned
Swedish energy company will be tenants.

Vattenfall AB

Vattenfall AB is a multinational energy company (@d by the Swedish government).
They pay significant attention to environmentaleadp and have an environmental
management system certified according to ISO 14@30)such the company has an
environmental manager on concern management levelell as line managers for
environmental aspects in each department. As amggempany it has high public
visibility from an environmental and specificallyggnhouse gas point-of-view. The
company has the expressed intention of taking ataafienvironmental aspects beyond
the relevant regulations and legal mandates. Tdnse seen in yearly sustainability
reports (carried out according to global reporimgative (GRI) standards) and
environmental product declarations (EPD’s) for &letty (Vattenfall AB, 2011).

Amongst the factors that may contribute to thetidamportance of environmental
aspects at the company is a long-standing enviratahadition. Vattenfall's home
country, Sweden has a long tradition of renewabrgy (with hydroelectric power since
the early 28§ century, from which the company derives its naare) over the past 2
decades policies have been introduced that proereeyy with low greenhouse gas
(GHG) intensity (e.g. the carbon tax). Vattenfddloaowns a significant nuclear portfolio
producing electricity (with a low GHG intensity) Bweden and Germany. Having said
that, in recent decades Vattenfall has acquiredifiignt coal generation (primarily in
Germany and Poland) and has a significant presartbe Dutch fossil gas market.

As such Vattenfall has a tradition of environmelgthkenign energy services, and latterly
energy services with significant negative environtakimpacts that drive Vattenfall’s
engagement in environmental management from bd#ssi

LORE-LCA-WP4-D4.1-KTH-report draft3 20111213.doc ged?2 of 69



Deliverables D4.1 Report on experiences on natjdwalopean and International level of
use of LCA in design

FP7-ENV-2007-1 -LoRe-LCA-212531
Fabege

Fabege is a publicly-traded company that ownsgkeasd operates commercial
properties in greater Stockholm. Fabege’s builditagk comprises principally office
space, and to a lesser extent retail, industridivearehouse facilities. They are a large
actor in greater Stockholm, with 6 % of the marfketoffice space in central Stockholm
(and a total of 502 000Tmental space), and 33 % of the office market enGlity of

Solna (a suburb immediately north of the city centvhere the Fabege owns 462 0G0 m
of total rental space) (Fabege, 2011).

Fabege has an environmental policy where “conaarthe environment should be a
natural and integral part of our activities in pedly management, project development
and property transactions” (Fabege, 2011). Theypd based on ISO 14001 and
identifies key environmental aspects and areaddoess such as waste prevention and
treatment, resource efficiency and depletion, piolfuprevention and reduction of
hazardous chemicals.

In addition to this overall environmental policyalbege’s specific energy efficiency goal
is to reduce specific energy demand for spacergpatid hot water from the 2009
average of 83 kWh/fmental space to 70 kWh/mental space by 31 December 2014. In
addition, Fabege carry out all new construction @mbvation of office facilities
according to the EU’s Green Building environmeimngding tool.

Fabege perceives energy and environmental aspebtcaming ever more important in
the commercial property markets. In valuing a propEabege analyses energy-
consumption data as well as other environmentadasplt is also noted that
clients/tenants are becoming increasingly enviramtally aware in general, as well as
that share-holders perceive a value in a sound@mwviental management policy. A
notable business advantage for using the EU’s GBedding tool is that rated buildings
are considered very attractive on the commercigbgnty market and attract higher
prices than otherwise similar properties.

PEAB

The general contractor on the project, PEAB alsodeatain experience working with
building projects with higher environmental goa¢éybnd the project described here. For
example, they have numerous clients who have réegi€d) Green Building labelling,
have certified buildings according to LEED (in Find), and have an interest in
certifying employees in BREEAM. Further examplégiavironmentally motivated work
are the application of environmental rating toalsdpecific materials, where they have
collaborated in industrial consortia to developusily standard rating methods (PEAB,
2011).

Why was the assessment tool used?

Reasons for which environmental aspects were giueh high consideration by
Vattenfall were:
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To have a main office with a good environmentafgrenance is perceived by Vattenfall
(as expressed at the level of the project managet®am) to be very positive from the
point of view of attracting clients and possiblents.

Such an office is also perceived by Vattenfall éoabway of expressing an environmental
profile to attract a talented and environmentallgtivated workforce.

Other effects noted by Vattenfall is that as adargmpany with a public profile, the
building serves to raise the profile of green huidin general, as well as increasing the
expertise in green building and green building peses amongst all actors involved in
the process.

Description of the assessment tools used in thegsand why they were selected

The need for a new office was identified and exggddnitially from Vattenfall’'s
corporate management. The desired qualities fonéleoffice were communicated to a
project management group in the company using éimgiiphrases, of which the single
worded phrase “environment” had the highest pryorit

From this point Vattenfall's project managementugprepecified a brief with the purpose
of communicating the need for a new office to e=sthte companies, and calling for
expressions of interest from said companies. Flabeginning the brief was short,
describing desired climate-controlled floor areghia building and other such basic
functions, as well as that Vattenfall AB wanted&seen to be the market leader in
environmental issues.

Based on this brief, Vattenfall received expressiohinterest from a large number of
real estate companies, a large majority of whicheweorthy of serious consideration.
This procurement procedure continued through roohdegotiation between Vattenfall
and contending companies, where Vattenfall’'s ptajggnagement group communicated
successively more refined specifications for thiéddmg.

It was during negotiations with possible propenyners (amongst others Fabege) that it
was established that the building achieve golehgaticcording to the Swedish
environmental rating tool Miljobyggnad (MB). Thatifenfall chose Miljobyggnad was
based on an initial evaluation of available ratogls. While tools such as LEED and
BREEAM were given consideration, it was judged thatsimple additive method of
point aggregation, and the fact that these toolewet developed with respect to
Swedish building standards, regulations and climaége such that a relatively high
rating could be achieved without Vattenfall achigythe desired environmental
performance in the building.

In contrast, Miljdbyggnad was developed collabaelti between leading Swedish
universities, construction companies, property ngangent companies, consultants and
architects. Secondly, it is intended specificatly $wedish weather conditions, while
other tools (eg. LEED and BREEAM) are developedcfanditions reflecting the
countries in which they were developed. Thirdly, M&s a limited number of indicators
(14 in total), and an aggregation method that essstivat buildings with a high score
have high performance for all indicators. Thesesatgpof the tool mean that important
environmental aspects are not lost in indicatoreggtion (as is the case for LEED and
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BREEAM with a large number of indicators). All tieeseasons were cited by Vattenfall’'s
project management group as reasons to favourfgmecMB for their new office
building. These were also sited as advantagesbgde. A further insight presented by
Fabege was that in spite of these apparently fomatiadvantages for Miljobyggnad,
LEED and BREEAM were often favoured by internatioc@mpanies hiring properties
from Fabege, due to the fact that these tools ke#éihinternational recognition, and in
some cases were even mandated by environmentaberaeat procedures at these
companies.

Of the tools mentioned above, MB establishes thetsst requirements for energy
consumption. Having said that, Vattenfall had alsespecified in their brief a target for
total bought energy use for property electricityating and hot water at 50 kWH/m
year, which is much lower than that specified ewmelB. A target for user electricity at
35 kWh/nf, year was also adopted in the brief, an area wi&eloes not have any
requirements.

Vattenfall's project management group also idesdifihe European Union’s Green
Building rating tool to be used for their new oibuilding. There are 2 main reasons
that they wanted to use this tool. The first id ith&s a well-accepted tool that is
recognized internationally. Secondly Green Buildieguires the implementation of an
energy management plan for the building. Greendigl does require that the building
achieve 20 % lower energy consumption than newdtsidndards, however, this goal
was essentially already specified according tostilentary energy target shown above,
and Green Building did not establish any novel gaalthis respect.

Contract between Tenants and Building owners

Vattenfall’s final decision as to which companyid ko accept was based on evaluation
of multiple criteria, of which environmental aspeetere a major component. Vattenfall
contracted Fabege as building owners, and deveddperce it is a new build project) for
the building in question. The agreement reacheddsst the two companies included
such elements as that:

User eectricity: Responsibility for energy-efficient general ligigifixtures and energy
efficient appliances was assigned to Fabege, wid#tenfall is responsible for IT
solutions (laptop computers because of their loammrgy consumption as well as goods
with low stand-by consumption).

A key issue is how any situation where the esthbtisenergy goals for the project were
not met is dealt with by the parties to the agra@m@/hilst an option such as penalty
fees paid by Fabege to Vattenfall was consideretha end it was established that such a
failure to meet energy goals would be deemed achreficontract, legally requiring
Fabege to carry out measures to remediate thegmmobl

It is worth noting that achieving a contract thathbparties could agree upon was an all-
encompassing process, involving significant coltation on many different issues. In
particular, both parties agreed that it was impdrtaat the technologies to be
implemented in the property should be well-estalelidstechnologies. This required
collaborative investigation into what sort of teologies they could use, including

LORE-LCA-WP4-D4.1-KTH-report draft3 20111213.doc gedls5 of 69



Deliverables D4.1 Report on experiences on natjdwalopean and International level of
use of LCA in design

FP7-ENV-2007-1 -LoRe-LCA-212531
drawing on experience from reference buildings whkese technologies had been
implemented.

Expression of environmental goals later in project

After the contract was signed, it was essentiaflytb Fabege to express the
environmental goals in subsequent stages of tHeqird his was ultimately managed by
the use of an environmental program, consistingeadl-defined environmental goals
(based on the contents of the contract) for eadesvf the process, that are subsequently
being expressed to PEAB, the general contracta.pFbject is currently in the
construction phase and will be ready for occupaitno2012.

As per the aim of the LoRe-LCA project where thigject follow-up is a part, the
guestion of the application of life-cycle methodssvalso raised in this follow-up. Only
in relatively limited areas of the project wasdgcle cost analysis (LCC) applied,
specifically for energy intensive installationsg¢Bias lighting fixtures. Otherwise, on top
of MB, all materials were required to have reachegrtain standard according to an
industry standard environmental rating system fatemals, byggvarubeddémning
(official English translation is lacking, this rdolg means: construction product
evaluation). This system does take into accounrenmental impacts in production, use
and final disposal phases, and it is relevantittkthbout it as based in life-cycle
thinking.

General remarks about the process

The Vattenfall management group for the projectresped that the importance of
environmental aspects is well-established with &#till’s corporate leadership and the
project management team. This high prioritizatiberovironmental aspects was also
considered to be reflected at Fabege and the otimepeting building owner/developers
at the level at which negotiations were carried out

Having said that, the communication between FabegePEAB was considered to be
more problematic with respect to environmental aspdreasons for this may be that
specific construction project leaders may work aditw to established norms and habits
that need to be changed in order to achieve timelatd of an environmental building. It
is also possible that professionals in these kafgssitions have not received requisite
training in environmental issues. In general then&n aspect of the process is an area
that needs to be developed: Attitudes need to Aeggd, a sustained commitment is
required, and practitioners need training. The fechnically and economically feasible
to build with greater environmental performancaisontrast well known (if only at
certain levels in the process).

It was further pointed out that this project isexample of a collaboration between tenant
and developer/owner that was considered by botirepdp be successful, where the
establishment of measurable goals for environmgraidbrmance, including penalties for
not meeting these goals was seen as a factorritbatezl a clear understanding between
the parties. It was further pointed out that thisgess is hot common in construction in
Sweden, rather that environmental goals are ofteabéshed during a project phase after
which decisions with significant negative reperemss for environmental performance
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have already been made. Understandably such pp@otsses (involving significant
“rework” or alternatively reduced ambitions) arechuess satisfactory for developers
than the Vattenfall case.

It seems that this case represents a leading egarhpl project process where
environmental goals have been established and mgpited all the way through the
project so far. In this case it is instructive talyse what lessons may be learned from
the project that may be applicable to other prgject

Specific areas in which the environmental goalscéd the design were in choice of
heating source (heat pump) and in dimensioninginflews (where size needs to be
optimised to meet MB’s requirements for day-ligigtineduction of solar loading and
heat loss coefficient).

Interviews were carried out with Mia Ostman, enmiteental manager, Fabege and Linn
Dahlberg, Vattenfall's project management groupit&fdall Power Consultant.

4.2 Spanish Case Studies

4.2.1 Renovation of apartment building — Playa de P alma, Mallorca
Description of building

This study focuses on refurbishment of a multi-fgmesidential building with a total
surface of 1,600 fbuilt on four floors and comprising 9 apartmetttsvas built in 1974
and it is located in Playa de Palma on the isldridallorca, Spain. The life-cycle study
was performed for the Playa de Palma Consortiunicfwtomprises members from
Palma City Council, the Llucmajor City Council, TMallorca Island Council, the
Balearic Regional Government and the Spanish Govent). The consortium was set up
in 2005 with the aim of promoting the refurbishmefhotels, complementary tourism
services, buildings and the area in general. Ths@dium aims to achieve a new tourism
model for Palma Beach including sustainabilitymaie change, global change, social
and residential cohesion, as key issues and fuaihea new model for a tourist
destination.

Description of assessment tool used

A simplified life cycle assessment (LCA) was cadlraut to provide decision support for
the renovation project, for which a custom simptifitool was developed. This particular
project is seen as a pilot project for the furtlerovation of the entire Playa de Palma
district, and it was therefore desired that thé b@opublic, or at least available at very
low cost.

In the tool, two databases, TCQ 2000 and BEDEC ERARere used for the analysis of
material production, building maintenance and wast@agement strategies, both of
which were developed at the Catalonia Institut€ohstruction Technology — ITeC.
Official Spanish programs LIDER and CALENER weredi$o calculate energy
consumption and C{emissions during building use. Both have been ldpeel under
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the auspices of the Spanish Government. Spreadsind®ivere specially developed or
adapted to calculate water balances for the buy&lin/ery simple LCC calculations
were included in the simplified tool. As much asgible, free and public data related to
climate, statistics, reference prices, etc. wesglus

This tool enabled an assessment of energy and wséermaste generation and £0O
emissions in great detail, whilst for transportatioonstruction, maintenance and end-of-
life, assessments were made based on availablest@md sources.

Why was the tool used?

The motivation for using the tool is based in tkpressed environmental strategy for the
Playa de Palma district. This strategy aims to tateaccount resource consumption
(energy, water and materials) and resource uséefitapand emissions to water, air and
soil) and is intended to be applied to transpatian infrastructure, public spaces as well
as the hospitality industry, which is important foe district and the island as a whole.

From the point of view of the building in questidhe specific aim is to reduce energy
consumption, C@emissions, water consumption, material use andtaaetion, use-
phase and demolition waste by at least 50 % wgheaet to conventional renovation over
a life cycle of 50 years after building renovation.

These specific targets were set by Playa de Palmnadzttium’s technical support team,
and at their recommendations were adopted by tms@bum as a whole.

Whilst ultimately it is the Consortium leadershifat was decisive in establishing the
environmental goals for the renovation project,tdahnical support team was also
instrumental in terms of the motivation and exer{ienvironmental training and
awareness, management skills, responsibility ayalri discipline) that they provided.

Regarding building owner’s motivations, the mosaily appreciated aspects of the
integral refurbishment are: the reduction of enaxgrysumption, the functional
enhancements, the improvement of habitability séaurity enhancements, etc. and also
the economic aid from the consortium.

What were the targeted indicators?

As mentioned previously, targeted indicators aergyconsumption, C£emissions,
water consumption, material use and constructise;phase and demolition waste.
Emissions to air, soil and water other tham,@@ not specifically targeted. The study
also includes an economic assessment of the sadupimposed, carried out on a life-
cycle basis (LCC).

A target percentage of 50% reduction was estaldi$treenergy consumption, CO2
emissions, water consumption, material use andtieat®n, use-phase and demolition
waste with respect to conventional renovation, avifie cycle life of 50 years after
building renovation. Having said that, maximum esdor energy consumption, CO2
emissions, water consumption, etc., were not asteda.

The use of the tool/life cycle approaches in thecpss
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So far the tool has been used to evaluate simplif@A profiles for three main
renovation scenarios: a. the existing buildinghbk.renovated building (including
environmental improvements), c. The renovated ingldaccording to standard
practice), d. Demolition and rebuild under curnegulations.

The conclusions of the simplified LCA study thasheeen performed for this renovation
process have demonstrated the feasibility of aamgethe desired environmental targets
with the renovation (according to scenario b. abofethe time of writing the project is
being developed further and the conclusions froenstindy are being included as far as
possible in this development. It is however congdehat budget limitations will restrict
the implementation of all the environmental impnments.

At the moment, the conclusions have been includesbime documents for the
programming phase. The programming phase is est@oliby the consortium, but it
involves a range of stakeholders and includes Imgldwners' opinions.

How the use of the tool influenced the final design

The project is ongoing, and it is not possiblevaleate with certainty how the
renovation has been changed as a result of thedt@dy. Whilst standard renovations
may only include addition of insulation to the cite envelope, the solutions proposed
and analysed according to the LCA tool include lmoatic solutions, and novel HVAC
and lighting solutions. Since the proposed rernowmatare still in a development stage it
is not possible to comment on how the LCA study m@ihgct the actual renovation.

General comments

In general, it is difficult to find a case of apggation of LCA/LCT in Spanish buildings.
There are very few, since there are no establistairements in the Spanish legislation.
This involves lack of knowledge of the LCA methoalgy between the architects,
engineers, urban planners, property developerslars.

There is also a lack of simplified and user-frignitiols to perform LCA studies in
buildings. Consequently the demand for these ssudiaot significant. Construction
companies such as Acciona have built some zercsemibuildings (including one
located in Zaragoza), but they do not really comside cycle, they just compensate the
CO, emissions associated with the use stage.

At present, the refurbishment of buildings is n@banmon practice in Spain. Therefore
some building owners have a short-term perspedtiverder to tackle this issue, within
the "The Plaga de Palma Project", some dissemmattvities are planned.

Information sources

Interviews have been carried out with Fabian Lopélaert Sagrera and Gerardo Wadel
(Societat Organicajtopez@societatorganica.com34934307653
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4.2.2 Comparative study of the structure of two apa  rtment buildings
— Vitoria-Gasteiz, Spain

Description of building

This project is a follow up of the constructionzépartment buildings (for social
housing) built in 2008-9 on Zabalgana in the Citytoria-Gasteiz, Spain. The
buildings are as follows:

- Building 1 is a multifamily apartment building feocial housing (conventional

construction), comprising a total of 126 apartmewith 2 basement floors (both
parking garage), a ground floor (used for retaill &etween 6 and 7 residential
floors above the ground floor.

- Building 2 is likewise a multifamily apartment bdiihg for social housing with
156 apartments (prefabricated construction), 2roasgfloors (parking garages),
ground floor (retail), 8 residential floors above tground floor and an attic floor.

The client for both buildings was VISESA - Housiangd Land Public Company of
Euskadi SA(Sociedad publica Vivienda y Suelo de Euskadi S.A.)
Description of assessment tool used

Life cycle assessment (LCA) methodology was usedhipact assessment. The database
used in the study was Ecoinvent (system proce$®.sbftware was SimaPro 7.1.8 (Pré
Consultants, 2011). The impact assessment mettebeisted were CML 2001 (baseline,
as shown in Table 1, and part of the Sima Pro ggokand Cumulative Energy Demand.

Table 1: Indicatorsused in CM L impact assessment method.

Abiotic depletion

Acidification

Eutrophication

Global warming (GWP100)

Ozone layer depletion

Human toxicity

Fresh water agquatic ecotoxicity

Marine aquatic ecotoxicity

Terrestrial ecotoxicity

Photochemical oxidation

Three other indicators were also assessed: watesuaption, electricity consumption
and waste generation. They were calculated frotdisga from the construction.

Why was the tool used?
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The architecture firm involved in the 2 projectsc{RAguilera) is very interested in
innovation and is therefore motivated to analyze skrengths and weaknesses of the
more usual prefabricated construction solutionse Bluatcome from the follow up is
intended to increase knowledge and contribute tordginuous improvement policy. In
particular, Pich-Aguilera are interested in takingo consideration environmental
performance when assessing the feasibility of &img. This environmental goal is also
expressed by iMat, a non-profit R and D organizatianded by theconstruction
material industry. Both Pich-Aguilera and iMat are integgktin promoting decision-
making from a global approach taking into accouathbeconomic and environmental
aspects.

The building owners, the Housing and Land Publienpany (VISESA) were interested
in analyzing the design and construction processewell as analyzing environmental
impacts, in order to optimize costs, but maintagnjproduct quality. They are also
interested in promoting R&D, industrialization amshovation in the building sector in
order to overcome some conservative attitudesisfstrctor.

Manufacturers of the prefabricated elements wese ieterested in the project and for
example did not even contribute with data on theaduction processes.

Sima Pro and CML 2000 were used based on the end@lthe practitioners have that
together they represent an objective and quanmttatiethod for environmental impact
assessment.

What were the targeted indicators?

The aim of this follow-up project was to evaluatel @zompare the environmental impacts
associated with the structure and the externabvadlitwo buildings of similar size,
volume, age, function and location, but where @neuiilt using prefabricated elements
and the other built with conventional constructinathods. The goal is to identify key
factors and, therefore, to know the key pointsroleo to decrease the environmental
impacts. The scope of the impact assessment watsisked such that only the
construction of the building was analyzed, andthetuse phase of the building.

All indicators in CML 2000 were used, as well ag@vaonsumption, electricity
consumption and waste generation.

The use of the tool/life cycle approaches in thacpss

The tool was applied post-construction for follog-and improvement purposes. The
relevance of the tools involvement in the actuakpss is only the fact that input data for
the LCA was taken from measured data from the &ctursstruction processes.

Having said that, data collection was carried guthe architectural firm, Pich-Aguilera,
an activity that entailed additional effort for the

How the use of the tool influenced the final design

It is essential to note that the impact assessmastapplied by iMat as a post-
construction evaluation tool and that possible @dbenefits from this follow-up may
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come from dissemination of the information gainedhis project to decision makers in
future projects

Important aspects that were identified as a redutie LCA were the distance from the
material supplier to the building site, dimensianof materials as well the use of cranes
and construction machinery on site.

In this case, LCA has been an adequate tool irr dodessess the impact of prefabricated
elements vs the impact conventional constructiamceSthe Architecture Studio (Pich-
Aguilera) is very interested in the use of prefested elements, the results of this study
will assist them to decide which option (prefabteciconventional) is the
environmentally best option in given circumstances.

Information sources

Interviews have been carried out with Gloria Didtag — Centre Tecnologic de la
Construccio - Unidad de Medio Ambiente): gdiez@istt +34935539795

4.3 French Case Studies

4.3.1 New design of training Centre and logistics b uilding
Description of building

The focus of this study was a building intendefi¢aised for education and logistics
with a total area of 3938 and an assumed life-span of 30 years. It was auitwill be
used by the professional association FCMB, Formafiompagnonnique des Métiers du
Batiment.

Assessment tool used

The French assessment tool HQE (Haute Qualité &mwinentale, High Environmental
Quiality) was applied. The method is owned by theo&gtion HQE, which can be
considered to be the de facto French Green Buil@imgncil. The tool can be applied for
residential and non-residential buildings, and tdies a total of 14 environmental
aspects, as shown in Table 2 (Lowe & Ponce, 2008)se aspects relate to the external
environment and to the internal building environmés far as external environmental
aspects are concerned, the tool covers both agpedtswith the site and building
materials (aspects 1 to 3), as well as the enviemtah aspects due to building function
(aspects 4 to 7).

For each aspect, the tool assigns one of threésle¥@erformance: “basic” (conforming
to current regulations), “good” or “very good”. Th@nimum level required to be
certified according to HQE is that at least 3 atpewist be rated “very good”, and at
least 4 must be rated “good”.

Table 2. Aspectsthat are applied in French HQE rating tool (Lowe & Ponce, 2008).
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Exterior environment Interior environment
Site and eco-construction Comfort
1. Relation between building and 8. Hygrothermal comfort

immediate surroundings 9. Noise and acoustics

2. Integrated choice of

construction products 10. Lighting

3. Low-impact construction site 11. Odours

Eco-management Health

4. Energy management 12. Health conditions of spaces
5. Water management 13. Indoor air quality

6. Activity waste management 14. Sanitary quality of water

7. Maintenance — environmental
performance conservation

Why was this tool used?

The primary motivation for environmental certificat came from the building owner.
One motivation for certification for the owner wii® opportunity to craft a green image
in the eyes of the public. That this particulattifieation tool was chosen was due to the
fact that this was the only French tool available] because at the time there was little
information about how international tools (suclL&ED or BREEAM) could be
practically applied according to French regulatiand conditions.

Targeted indicators

In order to achieve the desired rating, the projexs carried out with the aim of
achieving “very good” ratings for energy managen{aspect 4), indoor air quality
(aspect 13) and odours (aspect 11), site integrégispect 1) and maintenance (aspect 7).

“Good” rating was targeted for hygrothermal comfagpect 8) and lighting (aspect 10),
low impact construction site (aspect 3), and afgtimiaste management (aspect 6).

“Basic” rating was targeted for water managemespdéat 5) and quality (aspect 14),
noise and acoustics (aspect 9), sanitary perforenahspaces (aspect 12), and choice of
products (aspect 2).

The use of the tool/life cycle approaches in thecpss

The development of an environmental profile for badding occurred during the
programming phase of the project, in discussioween the building owner and an
HQE-consultant. The established environmental fanstwere then expressed in later
project documents, such as calls for tenders, satietesign, design development and
construction documents.
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How did application of the tool affect the finalsign

As part of the choice of construction products éa$2)HQE sets a requirement that 50
% of the materials used have an environmental mtodieclaration (EPD). Having said
that, it was considered that this requirement diddirectly affect the final design, based
on the fact that no specific performance manda®seaaccording to this requirement,
simply that an EP[2xist irrespective of thactual environmental performance of the
substance.

Sources of information

Inteview was carried out with NOBATEK, a consultantow energy and green
buildings.

4.3.2 Public Laundry, Paris suburb
Description of building, construction, etc

The focus of the study is the office and admintsteabuilding connected to a public
laundry plant in a major suburb of Paris, with aeaof 1000 rh The project that is
described here is the process of putting togetlseicaessful tender in an open tender
process for a design and construction project.clieat in the project was a major city in
the Paris suburbs, and the authoring of the tewdsrcarried out by VINCI Construction
France, a major contractor with significant expecein low energy and green buildings.

Environmental target for the project

The design team put together the tender with timethat the building reach the target for
a Batiment de basse consommation énergétique (BB&xnergy building, defined at
50 kWh/m2, year for conventional primary energyatingy, cooling, ventilation,
auxiliaries, production of domestic hot water aigthting facilities) (Concept Bio, 2011).

This target was set by the authors of the tendaniattempt to differentiate themselves
from competitors. The evaluation and assessmehthabwas used in the process was
used partly to demonstrate to the potential clidmsenvironmental friendliness of the
solution.

The authors of the tender knew that the clientséhgdneral interest in environmental
issues and when the client found out that VINCI apdlied LCA methodology in the
process of putting the tender together, becameingested, and requested that some
scenarios with alternative materials be studied.

Description of the assessment tool used in thega®c

In this process the French tool EQUER was usasd dtlife cycle simulation tool based
on a building model and is compatible with the thar simulation tool COMFIE. The

tool covers indicators as shown in Table 3 anddaki account all phases in the life-
cycle of the building including construction, opgsa and maintenance (heating, cooling,
other electricity use, domestic waste, waste prboicdaily transport), and end-of-life
(Ecole des Mines, 2011).

Table 3: Indicatorsused in EQUER tool
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Depletion of abiotic materials -

Primary energy consumption MJ

Water consumption m

Acidification kg SQ eq
Eutrophication kg P@’ eq.
Global warming potential (GWP 100) kg €€q.
Non-radioactive waste kg

Radioactive waste dm

Odours m of polluted air
Aquatic ecotoxicity m of polluted water
Human toxicity kg
Photochemical ozone (smog) kgHz eq.

Why was the tool used?

The tool was used precisely because it was coresiderbe the only integrated LCA tool
where environmental impacts from a change of maltean be directly evaluated on a
life-cycle basis, which is not possible with toslsch as ELODIE. Furthermore, EQUER
is directly linked to a thermal simulation tool, et was considered very important in the
case of the laundry that was studied.

Targeted indicators

Most important in this project was to show redu@IP for all phases (construction
through operation and maintenance phase and eli@o&nd reduced energy demand
during the operation and maintenance phase ofuhéitg.

The use of the tool/life cycle approaches in thecpss

The tool was used to evaluate several possibléisotuand associated impacts over the
life-cycle of the building.

Tool use and the influence of final design

The tool was applied at a very early stage in argahe tender for this project, in
collaboration with architects, commercial and tecahteams. This had the result that the
environmental costs and benefits could be studasdyeand that the application of the
tool had great effect on the final design. An exkamgb this is where the effect of solar
shading elements was modelled using EQUER, shoaviegluction of C@emissions

over the life-cycle of the building by 33 % as weedl that other environmental aspects
were not affected. This led to the decision to dleo® construction without air
conditioning that may otherwise have been choseaoti#er example is where the tool
was used to select the best window alternativenerbasis of the optimal environmental
impacts to cost ratio.
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Sources of information

Aside from the references mentioned above, th@imétion has been taken from an
interview with Maxime Trocmé, VINCI Constructiondfrce, a major contractor involved
in the design, construction and management of logrgy and green buildings.

4.4 Norwegian Case Studies

4.4.1 Background

Five cases of Norwegian building projects whereir@mmental assessment tools have
been used or considered are presented. Case irtimnrhas been collected by in-depth
interviews of key personnel involved in five buiidiprojects. The projects have been
conducted during the last three years. The intergs are familiar with the process of
using life cycle approaches in the design and coasdn phase. Five of the presented
projects are completed and one is under construtitobe completed in 2012). Three
office buildings, one self-build housing projectdaa centre of competence are amongst
the selected cases. The cases represent diffegianhs of Norway.

In a working group report from the Ministry of Lddaovernment and Regional
Development (BE, 2010) it is stated that increassergy efficiency of the built
environment is important and necessary in order to:
+ Obtain a reduction of carbon dioxide emissions
+ Increase the reliability of energy supply
« Contribute to meet obligations towards the inteéomat society, and implement
the Building energy and Renewable directives.
« In addition, a majority of these measures will béhisocio-economic and private-
economic profitable.

Pubic visions, aims, and energy efficiency measynley an increasing role in the
Norwegian building and real estate industry. Enwinental rating tools are important to
fulfil these targets. Planning and building ledisfa requirements are intensified, thus
imposing builders to meet expectations. Governnienéantives play a vital role in the
process of implementing environmental measuresfany developers. Currently there is
a wide array of methods and tools available tazeatiin Norwegian building projects.
These methods and tools enable developers to Keepitb increasing environmental
requirements from authorities and users, contriioteaise awareness, and increase
competence among builders. Regardless of appraa@thl.CA methods and tools
contribute to the effort of reaching a sustaindthléding mass in Norway.

To better understand the tools and methods usedmwvay, a brief description of each
method is presented.

4.4.2 Main assessment tools used in Norway’s buildi  ng and
construction sectors
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BREEAM

BREEAM (BREEAM, 2011) is the world’s foremost emnmental assessment method
with 200,000 buildings certified and over a millicggistered for assessment since it was
first launched in 1990. The method was first introed in Great Britain, and aims at
setting the standard for best practice in susténalilding design, construction and
operation. It has become one of the most compréreaad widely recognized measures
of a building’s environmental performance. The BREEmMethod uses recognised
measures of performance set against establishathimanks. These are representative of
a broad range of categories and criteria from gnerg@cology. A Certified BREEAM
assessment is delivered by a licensed organisatiearious stages in the building’s life
cycle. The method uses a straightforward scoristesy that is transparent, flexible, easy
to understand, and supported by evidence-basedcecand research. The categories that
are assessed include: energy, water use, indooatel] pollution, transport, materials,
waste, ecology, and management process. BREEAMBIasted to be the official
Norwegian life cycle assessment method and is otlyrandergoing translation and
adaptation to Norwegian conditions.

FutureBuilt

FutureBuilt, a national Norwegian project basedgpam, initiated by The National
Association of Norwegian Architects (NAL) in thear of 2000, has a vision of creating
climate neutral urban areas, and promotes hightgwathitecture. The project is
ongoing and aims at realizing between 25 and 3f@ioin coming years. The goal is
that these projects will use 50% less energy ingamon with equivalent projects,
including transport and green house gas emissidresprojects are meant to serve as
ideal examples to follow. Four areas are priordiZéreparing integral greenhouse gas
emissions calculations as part of the planningsigie, and construction process;
developing quality programming, with clear enviramtal goals for each pilot project;
focusing on integrated and interdisciplinary wogklg on in the design process;
obtaining environmental documentation for the mimgtortant building materials. The
program is an alliance between NAL, municipalit@seen Building Alliance, and
Norwegian state owned public service organizat(®isL, 2011).

ECOproduct

ECOproduct{ECOproduct, 2011), Environmental Product Declareti(EPD) is a brief
document whose objective is to sum up the envirortah@rofile of a component, a
finished product or a service in an objective stadized manner. The acronym EPD is
an internationally recognized abbreviation usedath national as well as international
contexts.

LEED
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Leadership in Energy and Environmental Design (LEEDan internationally-
recognized green building certification system digwed by the U.S. Green Building
Council (USGBC) in March 2000 (LEED, 2011).

In promoting sustainable building and developmeatiices LEED provides building
owners and operators with a framework for idemi¢yand implementing practical and
measurable green building design, constructionratjipems and maintenance solutions.
The rating system is flexible enough to apply tdyges of buildings and is developed
through an open, consensus-based process led byittees and groups of volunteers
representing a cross-section of the building antstaction industry.

Nordic Ecolabel

“Svanen” is the official Nordic Ecolabel for the Nitc countries and a flagship product
for Nordic collaboration. It was established in 298/ the Nordic Council of Ministers.
Its purpose is to provide a labelling scheme thatnotes sustainable consumption. The
Nordic Ecolabel is an established and internatigrmatognised brand. A recent Nordic
market survey showed that in the Nordic countri#&® ®f respondents recognized the
trademark as an Ecolabel (Svanen, 2011).

The Nordic Ecolabel has a life-cycle perspectivepdrtant environmental issues that are
considered in the development of the Nordic citerie: energy usage, climate aspects,
water usage, source of raw materials, use of clasjikazardous effluents, packaging,
and waste.

NAL/Ecobox

NAL/Ecobox is a self-funded department under NA&atthromotes environmental
knowledge and interdisciplinary cooperation amorgidects, planners and others
stakeholders in the Norwegian building sector (N2Q11).

Norwegian Wood

Norwegian Wood is a collaborative effort to ture thtavanger region into a showcase
for environmentally friendly architecture, in comtien with the city of Stavanger being
the European Capital of Culture in 2008. The projeas led by NAL. Guidelines set for
the program aimed at developing building projeltd tiisplay high architectural quality,
low energy use, universal design, and a use ofrralavith low environmental impact.
As the name indicates it also was an effort in prong a new rational use of wood in
building projects (NAL, 2011).

Energy Performance Certificates

As part of the EU directive for energy consumptimtuildings, an energy labeling
scheme for Norway was passed in December of 200@n Buly £', 2010, all buildings
that are leased, sold or built are required to lEawergy Performance labeling or Energy
Performance Certificates. From Januatyrl2012 energy assessment will be a
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requirement for technical installations as well. Bmergy labelling scheme is organized
and managed by Norwegian Water Resources and EbBerggtorate (NVE, 2011).

Implementation of energy labelling for buildingsvedollowing goals:

+ Reduction of carbon dioxide emissions from energg in buildings
+ Increase interest for implementing energy savingsuees

« Ensure basic information about the buildings enstgyus

+ More knowledge and awareness regarding energynusaldings

ENOVA

ENOVA, is a Norwegian government-owned public segworporation, established in
2001, promoting environmentally friendly productiand consumption of energy. Their
strategic goal is achieving passive house stantola&20 for all new construction and
comprehensive rehabilitation in Norway. By offeringentives to building programs and
rehabilitation projects their aim is to increasergy efficiency and to bring a change to
the building industry.

Municipalities manage in excess of 25 million sguareters of building mass in Norway
and play a major role in energy conversion ancigefficy. Enova encourages
municipalities to reach far and beyond the curlkenliding regulation requirements and
invest in ambitious energy efficiency measureshimasthe way for the private
construction sector (ENOVA, 2011).

4.4.3 Design of new office building, Oslo
Building description

The new five story office building was completedhe first quarter of 2011. It has a
compact and simple form. The main constructionsteal framework with prefabricated
concrete floors. Facades combine the use of gsslpand exterior plaster cladding.
The project is conducted as a turnkey project.

Assessment tool used in the process

The FutureBuilt method (see subheading above) iste project aims at a reducing the
total energy consumption by 50% in comparison \&itrequivalent new-build project.
Environmental Product Declarations (EPD) were dsedomparing and selecting
environmentally sound materials. The aim of reaglain Energy Efficiency Rating of 84
KWh/n? per year was surpassed. Governmental incentives widized and universal
design was implemented.

The life cycle approach, in this case, addresse® sif the challenges facing the
construction industry at present, namely energycenergy use and environmentally
hazardous materials.

Why was the tool used?
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All stakeholders involved in the project were highiotivated and experienced. The
Project Manager played a central and importantirofeaching desired goals. Demands
from the main tenant were the initial driving forddeir aim was to obtain an office
building designed with a life cycle approach usimgumented solutions. The contractor
took on the challenge of implementing a verifiabterironmental project. Governmental
incentives, as subsidy schemes, were vital fomggekttigh aims for the project.

Use of tool in the process and influence on firedign

Various aspects were taken into accamtouteand played a role in the final outcome.
Alterations of the original program gradually eleagthe project into being an ideal
example for other building projects. In this waistproject turned into a pilot projects for
FutureBuild projects to come. One important asp&d to keep air leakages in exterior
walls to a minimum, to achieve a high energy edfidy rating. Life-cycle thinking was
not introduced early enough to influence the choicthe main construction.

The life-cycle method used both reasoning and tatioms. The system and tools were
administered, implemented and operated by an eadtepecial advisor on environment
and energy issues. Facade materials, suggestée By c¢hitect early on in the process,
were evaluated through an iterative process tafregn house gas emission and content
of hazardous substances into account. In additiemtaterials had to meet fire and
maintenance requirements. All additional matenadse compared and selected using
EPDs. A final calculation was conducted using emrssdata from the materials actually
used.

Costs were evaluated continuously and the turnkeyractor made final decisions in
approving or discarding materials and solutionppsed. A shortage of suppliers
offering environmentally-sound solutions, were @am situations the reason for having
to chose alternatives that were less environmémealdly. The developer suggests a 10%
increase in costs due to an initial time-consunpirggess, in which systems and
materials had to be evaluated. The introduceddrgeiplinary design process was new to
the design team.

No specific scenario was selected for the proféictgle elements were assessed
separately throughout the process. All materiatstbaberecyclable. A 60-year life
expectancy on materials and energy resources whsled in the tools. Other important
factors, such as location of the materials, cootivn issues and performance criteria
were taken into account. This requires experieca@mon knowledge and frequent
visits to the construction site.

Conclusion

In this building project there has been high ambiiand focus on energy efficiency and
low emissions. Driving forces have been an awararteand governmental incentives in
form of subsidy schemes. All consultants involvedhe building process have been
highly skilled and ambitious. The Project Managed ¢he LCA method consultant
contributed to a successful result.
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4.4.4 New design of office building using BREEAM, O  slo

Building description

The new office building with a gross net area o008 nf includes five stories and a
basement. It will be completed in the spring of 20Ihe building has a simple and
compact form using steel framework and prefabritatancrete floors. Two separate
contractors share responsibility in the project.

Assessment tool used in the process

Passive house principles were made possible thrgogirnmental incentives. The
project is a pilot using BREEAM. The contractorsesd ambitions of sorting waste from
the building site from required 60% to 80%.

Use of tool in the process

The project is conducted as two separate turnkatracts, with separate agendas and
responsibilities, sharing a common goal of achigwdrsustainable building. The tenant
and part owner, responsible for technical solutiomsoduced requirements for high
energy efficiency in an ongoing design phase, whitébled them to obtain a building
that reflected their values on environmental isstieg contractor, a member of the
Green Building Allianck took on the task of implementing a pilot, usingEEEAM.

This contractor will use the project as a marketo strengthening their market
competitiveness. In order to maintain a good waglenvironment and interdisciplinary
cooperation, both turnkey contractors contributethe design process through joint
design group meetings.

One important issue was keeping air leakages iriextwalls to a minimum. The
process of assessing alternatives for exterior @aalktruction lead to a final choice of
insulated beaches (Iso3) that would simplify extiewall construction and facades using
less resources. Due to an early policy, perfonatfor technical installations in exterior
walls were kept to a minimum.

Materials were originally assessed on u-valuegderoto achieve a passive house
standard. The newly introduced LCA method (BREEAMI) evaluate materials
continuously based on given criteria. Due to the fatroduction of BREEAM none of
the main construction materials have been assessegl a life cycle approach.

In the process of reducing air leakages the commrabave played an important role in
proposing, evaluating and improving solutions tigloaut the process. All stakeholders
are knowledgeable, motivated and contribute toeathg a sustainable building.

The project is still in the early stages of thelding process and the materials are yet to
be assessed and selected.

Conclusion

! Green Building Alliance is an environmental netkvproviding a venue for active Norwegian developers
with ambitions of being in the forefront on envimental issues. GBA provides expertise and inforomati
to its members in the construction and real estatestry.
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In this building project the prime focus has berargy efficiency. The assessment
method was introduced late in the design procéts, @ncept and main structures had
been decided on. Driving forces were corporate graagd market competitiveness for
both of the contractors involved. Governmental imises were one of the driving forces.
One contractor had in-house competence on enelgylaions, and was the main
initiator. The other had assigned advisors to ctivierdiscipline. The Architect has made
a big contribution in affecting and simplifying faes in order to obtain the requisite air
tightness.

4.4.5 New design of centre of competence, Bergen
Building description

The five storey centre of competence in Bergenawaspleted in 2010. The main
structure consists of prefabricated concrete elésramd brick veneer. The project was
implemented as an ordinary turnkey.

Assessment tool used in the process

No single specific life-cycle method was used. X il various assessment tools based
on reasoning were chosen, all of which are receghis Norway. All stakeholders were
urged from the start to focus on environmentalassiDuring design, leading
environmental certification methods inspired theceplishment of the project.
BREEAM was used to assess the main constructiordidl&colabel was used in
assessing materials, Energy Performance Certificass implemented, and the national
standard for clean and dry building was utilizedivérsal design was obligatory. Project
budgets did not take into account governmentalntiees or other financial support.

Targeted indicators/use of tool in the process

There was a joint agreement amongst stakeholdershieve an energy efficiency rating
of less than 100 kWh/hper year. Theoretical simulations and calculatiwese carried
out, and an operational period was contractualtiusted to insure that the goal was
realized. Zoning and parameters for good indoon&ie was assumed. Specific
requirements for air tightness were demanded. dyitde assessment used in selecting
materials was carried out through discarding chalmiand materials harmful to the
environment. Tropical woods were banned and there wpecific requirements for
sealants, plasticizers and paints. There was caenpbmtrol of waste separation and
contaminated ground. District heating was usechadtarnative energy source to cover
peak loads. Concrete flooring was preferred instéadassive wood elements due to
lack of time and a poor and unconvincing presemdtiom the supplier. The building
materials and processes are well documented icaisis.

The initial idea of using scaffolding with tarpauliluring construction to achieve a clean
and dry building was abandoned due to costs. Thjegrwas completed within the
economic framework and did not apply for governrakimcentives.

Personal commitment by the developers” Project Manaas crucial to complete a
successful project. As a member of the Green Bugldilliance, the turnkey contractor
had a focus on environmental issues, and had gheramity to show their competence
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and commitment in this project. It is difficult ¢pve all credit to one single participant
for leading the environmental efforts. It has toalseredited to a majority of the
stakeholders being a unifying and constructivetjeffort.

The life-cycle approach was used by all stakehslded contributed to an integrated,
interdisciplinary process, supervised by engagett@mmental advisors. In this manner
the project differed significantly from today’s mes. It was a time-consuming process
with initial weekly meetings, including designecsaftsmen, and technical suppliers.
Later the design team split into two groups hamgtechnical and building aspects
separately. The project manager and project leacterely participated in all meetings,
discussing matters and solutions which lead teadst and smooth process. The time
consuming and hard effort in obtaining hydraulicrtaofailed due to a negative
approach of the supplier.

New and improved solutions were achieved throughwiproject almost without
additional expense. Different stakeholders contafiuo fine tuning of control systems
optimizing energy use. Consultants were broughitaim abroad to give their expertise

on alternative ventilation measures. Colt facadesewsed (Colt, 2011). The mortar used
in the brick veneer caused it to be non recyclat#spite the efforts of obtaining
hydraulic mortar.

Assessment was carried out on single building eldsp@nd not as a whole. Many of the
choices were based on experience. Robustness del@iiling and maintenance were
important issues.

Conclusion

The focus in this project has been wide, due taueeof several different environmental
evaluation tools, involving all the stakeholdereeTorganizational hierarchic structure
has been flat regarding environmental responsdslitapproaches and mentality. The
assessment tools were implemented by the engagethkgts initially, already early in
the interdisciplinary design phase. The personalmament by the developers” Project
Manager was the main driving force, and played pnrale both in initializing and
implementing the use of tools for environmentalleadon. Even though governmental
incentives were not part of the funding, the restithis project demonstrates that it is
possible to obtain an environmentally friendly dinly project within owners” financial
frames. Despite early efforts to choose environalgnfriendly materials, the outcome
of the selection process seems to be somewhataaybiLess environmentally-sound
materials were selected on the expense of the selédgted more environmentally sound
materials. This was due to chance.

4.4.6 New design of self-build houses, Stavanger

Building description

The self-build low-energy project in Stavanger utgs 73 building units. Construction
began in 2004 and was completed in 2008. The ua®odfl dominates the main
framework. Construction of walls on the first flasrpouredn situ concrete. The
building units are in part built by a contractodahe buyer of the unit.
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Why was the tool used?

The projects aim was reducing the energy use by 85% from regulation requirements.
The design illustrated a well insulated envelopéhwefined u-values, super insulating
windows and minimizing of cold bridging. Lower floliving units met the requirements
for life cycle standards. Requirements, as suche weplemented early in the process
and enabled the project to qualify for loans fréva Norwegian State Housing Bank.

Stavanger Municipality wished to participate inoefé reducing energy consumption in
buildings. Earmarked funds for three pilot projaotshe area were utilized to meet the
increasing demands for energy efficient housingifresidents. Special consultants were
hired to contribute to the process.

Assessment tool used in the process

The life cycle approach was an integrated patthénenergy efficiency program. There
was focus on using less harmful components in nagesuch as paints and glues.
Everyone involved in the project used the methatigridelines for Norwegian Wood.
Ecoproduct, a database using classified matevias,used for choosing materials. It was
newly introduced, incomplete, and further develogrgdugh the progress of the project.
New materials were used, that were not yet docuadenwere classified. Assessment of
materials did not have an impact on the choice ahmonstruction materials. Wood was
already being used as the most environmental chalte2quirements were set early on
in the design process and did not alter the fiesiilt.

Use of tool in the process and influence on firedign

The design process deviated from a normal procesegards to the high requirements
for air tightness in the exterior wall constructiédnhigh energy-efficiency approach was
new for everyone involved. Although there was naaggement tool for such an
approach at the time requirements were implemezdédg in the design process. Unlike
previous low energy projects these row houses ffedtierraces and were more complex
in form. Once finished the houses were pressuteddwice.

Personal commitment from the municipalities” Projanager had the greatest impact
on the design and outcome of the project. The céepevas crucial in developing
solutions that contributed to minimizing air leakag exterior walls. Focus was on
keeping the vapor barriers intact during constarcind avoiding perforation in case of
future changes and repairs. The solutions weredugal continuously. Early
involvement of carpenters did not alter the ovedaBign.

A kickoff involving all stakeholders created a sew$ pride and ownership. The project
accounted for a raised the level of knowledge aas avgreat learning experience for all
involved.

A life expectancy of 15 years on exterior matenaés used. Recycling of materials was
not assessed. There were no “smart” solutions im@teed controlling light or faucets.
The floor heating featured nighttime temperatucuotion. All the buildings were
designed simply and with first-time establishingiies in mind. There was a focus on
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promoting information to the owners of units to @msefficient operations after take
over.

4.4.7 New design of lower secondary school, Drammen
Building description

The school is owned and operated by Drammen mualityipand is a medium size lower
secondary school. The project was completed danegummer of 2010 and taken into
use in September of 2010. The three storey buildasgga compact and simple form. The
building consists of a steel frame work with conerdoors and supplementary walls.

Assessment tool used in the process/Why was theskad?

The project was initially carried out as a compeit The task was to design a school
building on a plot close to the city core. Aftewmner had been selected, the real estate
department in the municipality, introduced the pobjas a pilot using FutureBuilt.
Passive house principles were implemented andatvisors were brought in to help
guide the project. The International standardg&ssive houses principles were not yet
translated. This had to be done alongside the dprrednt of the building design. Main
focus was on energy consumption during the operatiphase. Governmental incentives
were utilized.

Use of tool in the process

Building physicist and HVAC consultant used caltiola programs and generated
measures preconditioning the design of exteriotsnaid roof. Focus was on energy
relating issues and an hour was set aside to disnafiers related to the topic design
meetings held every second week. Early in the motee building physicist worked
closely with special consultants, contractors d@ddesign team in an integrated process.
Details were developed as collaboration betweenlésgyn team, contractor and

Building physicist. Materials were not selectedhgsa life cycle approach. Instead
representatives for operation and management wibreence from schools helped select
materials that were robust and had little needrfamtenance. The process contributed to
a change of initially proposed facade materialscNanges were made in the layout.

Representatives for operation and management lead igfluence on the selection of
materials, which were assessed with focus on lomterance. All stakeholders were
highly-motivated and the project felt like a resdaproject, due to the involvement of
special consultants.

The main focus on low energy use put a limit tortbenber of hinged windows and the
ability to override automatic blinds steered by $hes” movement.

Conclusion

In this building project the main focus was on gyezfficiency and low maintenance.
Life cycle issues were not a discussed topic. Dgvorces were environmental effort
from the municipality and an ambitious design teamtributed to a energy efficient, low
maintenance building.
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4.4.8 Conclusions from Norwegian case studies

General reflections of the cases studied

The study has shown that there are still few casasable in which life-cycle thinking
and associated tools have been used. It has alsmdhat there are few projects fully
implementing a life-cycle program/method.

It seems to be increasingly more common that enmental approaches are on the
agenda in the design and the accomplishment djuli@ing process. Yet it seems that
economy and mere coincidences are still the mgsoitant drivers in terms of both
choosing materials and life-cycle methods.

Project that have been successful depend heavidyspecific driving force. One of the
most important role is the Project Manager.

Strengths and weaknesses of tools with life-cyekboals
Strengths: Complementary tools takes in accoumynsamilar and coinciding aspects.

The many tools with life-cycle methods flourishiting market permit the increase the
usage of methods promoting an environmental apprd2i¢ferent methods and tools
appeal to different clients, investors and buyétsuiidings. In case of monopolization,
dynamics and further development could be hindered.

Weaknesses:
Too comprehensive, not complete, confusing duailiiphe systems tools.

No single assessment tool can be used to theefidluating materials, management and
maintenance at the same time without an experieansed Location of materials,
construction in the building, and performance regmients have to be taken into account
when using the tools with life-cycle methods. Laxgerience and common sense is a
part of the process. An assessment cannot be pexfbmerely in the office using
standard life-cycle assessment procedures, baisisdone in combination with on-site
inspections.

Drivers:

Many contractors/owners claim that the use of teotk life-cycle methods is an
additional expense in already tight budgets, duarte-consuming operations and
assumed more expensive and complex solutions.ifidisates that the building industry
is rigid, clinging to traditional methods and sabuis.

Governmental incentives have proven to be impodanmers, especially in initializing
high ambition environmental building projects. Nekeless, one of the case projects
indicate that this is not necessarily a requiseddre in order to obtain environmentally
friendly building projects.
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4.5 Hungarian case studies

4.5.1 LCA used for refurbishment of an existing nursery s chool -
Szendtendre, Hungary

Description of building, construction, etc.

The building is situated in Szentendre in the hogigstate of Pispokmajor. The owner
of the building is the local government.

The plot the building is placed on has a slopes la corner plot on which the free
standing building functioning as a nursery schaad @ creche was built in the early
1970’s. Due to the slope, the floors of the oneestdouilding are on different levels and
so it looks like a terrace house. One part of thiédimg is the nursery school and the
other part is the créche. The two different funaiounits show their back to each other.
The plot has the entire infrastructure, like eledy, water and gas. The building
complex has a flat roof with internal roof outlets.

In 2010 there was a retrofitting of the claddirgg toof and some internal parts for the
creche. For the nursery school, which is the salgé¢he current design task, the old
metal windows have already been replaced as weihgluhis retrofitting by new
windows with thermal insulated double glazing. tidigion, part of the cladding above
the windows has also been retrofitted using FINNESR boards similar to the créche.
There were some changes inside the building as welew WC was built for disabled
people and the internal floor finishes have be@haced.

The external environment of the nursery and theh&és in a good condition, there are
plants around, and the plot is surrounded by aefenc

In a second step, the local government intendombireue the retrofitting of the nursery
building using ecological, environmentally friendgdyoducts and materials. The planned
retrofitting involves three main building parts faiows: the uninsulated external walls
below the windows, the flat roof (partly green fpand an area enclosed by a glazed
curtain wall in front of the entrance and covergdgblycarbonate sheets.

Detailed description of the external wall

Under the window strips additional thermal insudatmaterial needs to be placed on the
external walls. The U-value requirement for theeexal wall was 0,30 WI/fK.
Considering the existing wall structure, which i8&cm thick solid brick wall with an
external and internal plaster layer, this can beeaed by a 11 cm thick insulation layer
with a thermal conductivity of 0,04 W/mK, or equieat. The thermal insulation of the
plinth wall must be a thermal insulation materiaithwclosed cells with low water
absorption. The top of the plinth wall insulati@an30 cm above the ground level, and the
bottom is 70 cm below the ground level. The thidsef the plinth wall insulation is the
same as the wall insulation below the windows. fiitadrinsulation must be put on the
window sills as well with a thickness of 10 cm teom thermal bridges. The thermal
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insulation must turn at side jambs with a minimuntkness of 5 cm. The total surface
area of the external walls to be insulated is 261 m

Detailed description of the flat roof

The existing layers of the flat roof remain. On the of the existing layers additional
thermal insulation must be laid. Before placing tieev layers, the existing waterproofing
membrane needs to be perforated. The U-value esgeint for the flat roof is 0,15
W/m?K. The new waterproofing membrane must cover thraget wall around the flat
roof and the top of the parapet wall needs to hvema by metal sheets minimum 20 cm
above the flat roof level. A new roof outlet is ded above the gym and all the existing
outlets need to be checked. The total surface @lré@e flat roof to be retrofitted is 480

m?.

Description of the assessment tool used in thega®c

The Ecoinvent database was used in the calculatt@pted to Hungarian conditions.
Calculations were carried out for different constions of the external envelope with a
surface area of 1 fas the functional unit. The calculation was perfed without
normalisation and weighting, taking into considemata life-span of 60 years. The
heating system of the building is district heatimd)ich remains the same during the
refurbishment.

Why was the tool used?

One of the most important aspects of the design twaschieve ecological and
environmentally friendly building constructions;athwas the reason why an LCA
assessment was carried out. The different optionsnkulation materials and building
constructions were analysed and compared using.@#e assessment to help decision
making.

Targeted indicators

The following indicators were used in the assessnoeimulative energy demand, global
warming potential, ozone depletion potential, dwmdtion potential, photochemical
oxidant formation and eutrophication potential.

Cost per square metre of the different construstiwas also analysed.

The use of the tool/life cycle approaches in thacpss

The U-value requirements for the external wall &at roof are given as 0,30 W
and 0,15 W/IfK respectively.

For the external wall the following three optionere taken into consideration to achieve
the U-value requirements:

Option 1

- existing brick wall

- adhesive

- polystyrene thermal insulation
- thin render system
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Option 2

- existing brick wall

- adhesive

- mineral wool thermal insulation
- thin render system

Option 3

- existing brick wall

- timber frame

- cellulose thermal insulation blown in

- cement bonded particle board as an external skin
- thin render system

For the flat roof the following three options weensidered:
Option 1

- existing roof structure

- EPS boards thermal insulation

- PVC waterproofing membrane

- gravel ballast layer and protection

Option 2 (inverted roof)

- existing roof structure

- 2 layers bituminous waterproofing membrane
- XPS boards thermal insulation

- extensive green roof

Option 3

- existing roof structure

- glassfoam thermal insulation

- 2 layers bituminous waterproofing membrane
- gravel ballast layer and protection

It was assumed that the different building struegunave the same U-values for walls and
roofs separately and there was no difference inetergy loss through these building
elements when the various options were applied.

The LCA assessment was made on the different optaescribed above and the
environmental effects were compared and analysed.

Tool use and the influence of final design

The project is still at design stage and final @psi have not been chosen yet. The LCA
study will probably have an influence on final dgsias there is a chance that Option 1
for both the wall and roof will be selected, whitds the lowest environmental impact.
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4.5.2 New design of family house — Szombathely, Hun  gary

Description of building, construction, etc.

The new family house, which is for a four-membemifg, is situated in the garden
suburb area of Szombathely.

The corner plot on which the new family house isigieed is flat. The direction of the
longitudinal axis of the plot is SW-NE. The famiipuse has a ground floor and a built-in
attic and there is no basement planned.

The layout of the building is organised on two axdsch are perpendicular to each
other. The entrance can be found on the north Issdtend the garage. The kitchen, the
dining room, and the pantry can be reached fromctireidor and the den, the guest
bedroom with a bathroom and the toilet can be founthe other direction. The living
room is opposite the entrance. There is a patimetted to the living room and dining
room. The stairs to the built-in attic can be asedsfrom the corridor. The built-in attic
consists of further bedrooms and bathrooms which & reached from a longitudinal
corridor. There is a hobby room above the garage.

Description of the assessment tool used in thega®c

The Ecoinvent database was used in the calculatt@pted to Hungarian conditions.
Calculations were carried out for different extéreavelopes and heating systems. The
calculation was performed without normalisation amgeighting, taking into
consideration a life-span of 80 years. The funetiomnit considered was the whole
building.

Why was the tool used?

The owner, a married economist couple with two dreih, has an ecological and
environmentally friendly lifestyle. An important sign criterion was from the owner side
that the building should have a minimum environmakithpact during the construction
and use over its lifetime. That was the reason ahfe cycle assessment was carried out
so that different options and technical solutiowsild be compared and the optimal
version could be chosen.

Targeted indicators

The following indicators were used in the assessneaimulative energy demand, global
warming potential and acidification potential.

The use of the tool/life cycle approaches in thecpss

At the beginning of the design it was determineat three options would be compared
from the point of view of energy consumption.

Option 1
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To meet the current building regulations laid dawr7/2006 TNM Ministerial Decree. It
requires a minimum U-value of 0,45 Wiand 0,25 W/rfK for external walls and
roofs respectively.

Option 2

Passive house category.
Option 3

Nearly zero energy building.

The different options can be achieved using diffetbermal insulation thicknesses for
the external envelope and considering differenttihgaand ventilations systems and
renewable sources.

The LCA assessment was made on the different optaescribed above and the
environmental effects were compared and analysed.

Tool use and the influence of final design

An alternative between Option 1 and Option 2 hanlehosen for the final design (better
than the current requirements and worse than thsiymhouse category). Although an
LCA has been carried out, mainly short term costies had to govern the decision
making. However, it was achieved that an alterealiigtter than the current requirements
was selected.

4.6 Austrian case studies

4.6.1 LCA use in design of new passive house kinder  garten —
Ziersdorf, Austria

LCA or even LCth in the Austrian construction sedtardly can be found. There are no
requirements by building regulations to perform L&@Abuildings or other construction
projects. Simplified LCAs can be found in differgmbvinces, where environmental
requirements for the receipt of subsidies in tr@addousing sector are set. In case of
this, ambitious LCA studies in Austria mostly hdeen performed in research projects.
The following case study “Passive House Kindergegiersdorf” has been part of the
Austrian research project "Buildings of Tomorrowa‘research programme of the Federal
Ministry of Transport, Innovation and TechnologYCA studies and additional measures
concerning sustainability aspects mentioned inrégp®rt have been conducted and
supported within the framework of this researchgpaoame.

General description of the project

In 2000 the municipality of Ziersdorf, a small afje in Lower Austria, decided to
construct a new kindergarten with four group rooAsClimate Alliance partner the
municipality of Ziersdorf wanted to construct a wlease in matters of sustainability. So
sustainability targets for social, environmental @sonomical aspects have been
implemented in all stages of the construction psecehereby it has to be stated that the
main focus has been on environmental aspects ddiatonstruction products and
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energy consumption in the use stage. In the follgvahapters a short overview of the
integration of LCA in different planning stagegisen and most important results are
highlighted.

Project development and architectural competititags

In 2000 the municipality of Ziersdorf performedadldor tender for a kindergarten with

four group rooms. The client invited 15 architdying experiences with sustainable

building design, to join an anonymous architectamahpetition to find the best design

solution. In the project development stage memobktise municipality and external

sustainability experts set ambitious sustainabibitgets for following aspects:

* Energy consumption in the use stage with a maxirhaating energy demand of
15kwh/m2 net floor areal/year, as stated by theilRaskuse Institute Darmstadt.

Calculation tool used was PHPP from the Passiveséltnstitute in Darmstadt.
* Use of renewable energy sources (like active slargy use for heating and DHW)
» Criteria for indoor quality (summery overheatinggoor air quality, etc.)

* Use of environmental friendly construction produétssessment of the
environmental performance of building products Wwased on the criteria and the
assessment tool of IBO ( Austrian Institute for Hf®aand Ecological Building)

» LCC targets for construction, energy consumptioth riaintenance in the use stage

In the architectural competition the participatarghitects had to perform calculations
for energy (with the PHPP calculation programmae) fam the environmental
performance of construction products for selectelicators (primary energy demand,
acidification potential, C®@equivalents).

In the pre-check stage two external experts forggnand environmental aspects (Prof.
Mag. Arch. Ing. Helmut Deubner, Danube Universitgis and DI Thomas Zelger, IBO
- Austrian Institute for Healthy and Ecological Rlimg) proofed and assessed the
designs and calculations of the bids. For the [negting the two experts provided a
document with the results of their proof, which wiagd for the competition jury to
assess the sustainability quality of the projects.

Preliminary design stage — tendering and constarcstage

The winning project was designed by the office althitects and this office was
assigned for the further planning work. The projeas a wooden construction (walls,
ceilings) in Passive House standard, fulfilling #mbitious sustainability targets set in
the project development.
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Fig. : Floor plan of the winning competition prajeah3 architects
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Fig. : Cross section of the winning competitionjpob, ah3 architects

Calculations of the construction costs pointedtbat the budget frame for this ambitious
project was too small. Financial support for thdiadnal costs for the integration of
sustainability aspects (costs for LCA studies asditeonal construction costs) have been
raised by funds of the research program “Buildiajgmorrow”, as the kindergarten
Ziersdorf has been selected to be a demonstrat@eagb for sustainable construction. To
fulfill the ambitious targets in the field of sustability an inter-disciplinary team of
building experts was integrated in the whole plagmrocess. Based on the competition
project different scenarios for the energy demanithé use stage and the environmental
performance of the construction products have loeeeloped:

e Scenario 1

Scenario 1 was the competition project.
e Scenario 2
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Scenario 2 was the project which was used for tbheysement of the construction works
(call for tender). In this scenario the project basn optimized from energetic,
environmental and cost point of view. Scenario thesfinally constructed project.

e Scenario 3

Scenario 3 was a building based on the energynegents for heating and cooling of
the existing building regulation of Lower Austrfahoice of construction products and
construction system was based on “business as’ymraimeters (conventional and
common way of construction for kindergartens in koustria).

The environmental performance of building materials been assessed with the Austrian
ECOSOFT LCA tool, developed and supervised by IB@ergy calculation has been
done with the PHPP and a dynamic thermal simulgirogram. The Following figures
give an overview of the most important LCA reswitshese 3 different scenarios:

5000000

windows-glass Scenario 3
I window-frames
4500000 ground slab i—
I roof
4000000 slab

interior wall non load bearing
I interior wall load bearing

3500000 exterior wall

3000000

Scenario 2

2500000

Scenario 1
2000000 ——

1500000

1000000

500000 -

0

Fig. : Primary energy demand of different buildoamponents in the 3 scenarios (life
cycle stages covered: product and constructiongssostage)
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Fig. 4: Primary energy demand in MJ/m2 net flo@aawithin a life span of 50 years
To improve the indoor comfort, the client and thenping team decided to implement a
second heating system besides the mechanicalatgrtilsystem with heat recovery
(balanced ventilation). The choice of the systers diaven by an LCA of different
solution for heating. A little stove heated withad®n pellets turned out to be the most
environmental friendly and cost effective solution.

LoRE-LCA-WP4-D4.1-KTH-report draft3 20111213.doc geas of 69



Deliverables D4.1 Report on experiences on natjdaaiopean and International level of
use of LCA in design

FP7-ENV-2007-1 -LoRe-LCA-212531
6.00E+00

5.00E+00

4.00E+00

3 00E+00

2 0DE+00 -

1 00E+00 . S o G S

Fig. : LCA of different energy sources/systemslifeating. Primary energy demand non
renewable for the combustion of 1 kWh final eneirgyn the pellet stove and from
petroleum gas.

Procurement process

The tendering process for the construction worksed out to be quit complicated as the
assessment of the bids was based on investmest opstration costs, durability and
environmental benchmarks. Most tendering positiorike different assembly sections
included conventional requirements and requiremesnserning sustainability aspect
mentioned above. To adapt the tendering documeniseening sustainability
(environmental friendly construction projects, @yesystem) the architect was supported
by specialist in this field. Both for tendering exfs (architect, consultants) and bidders
this approach was difficult to handle and a loadflitional work for all actors was
required. As there was a restricted budget framéh construction of the building,
especially the optimization of the cost aspecth W C approach and the environment
benefits of measures selected, turned out to beammnplicated. At the end a comparison
of the construction version to a low energy solutigth conventional construction
products, showed around 14% additional construactasts.
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In 2003 the construction started and it was finisime2004. To assess the planned targets
(energy consumption, indoor air quality) comprelamgvaluation measurements have
been conducted.

Fig.: Kindergarten Ziersdorf under construction3 ainchitects

Fig. : View from the entrance, ah3 architects
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Fig. : View from the garden, ah3 architects
Conclusions

The case study “Kindergarten Ziersdorf’ points the great benefits and big challenges
of the use of LCA in the building sector. The us&®GA has contributed to the
environmental improvement of the building, provgliquantitative and verifying results
for planners and clients. An important factor oés@ss has been the implementation of
LCA issues in the whole planning process (projestetbpment - architectural
competition - implementation planning - procurem&age). The supply of adequate
instruments, fitting to these different planningges and the integration of LCA experts
into the whole building process turned out to vey important point. As there is only
little expertise on LCA under architects and buifgiconsultants an integration of LCA
experts in an interdisciplinary planning team ig of the key factors for sustainable
construction. Knowledge gaps and a lack of adedu@te strategies/instruments
especially appeared in the preliminary design geageitectural competition (use of
simplified LCA) and in the procurement stage (settdf technical specification for
sustainability issues, proof of bids). Leaving Emiggle room, also weighting of
economical aspects (LCC aspects) in relation terathstainability aspects
(environmental and social aspects) was quite dilffiw handle.
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4.6.2 Study of Architectural Competitions

Background

Architectural design competitions are considered fs/ourable instrument to obtain
design proposals revealing different architectapgroaches towards a construction
project and thus leaving a possibility for choiodlte client. Although they are not a pre-
requisite in general they are commonly used byipwglctor clients in Austria and
likewise in all European countries. The regulatoagis is thus the EU procurement
directive and its national implementations, e.gAustria the “Bundesvergabegesetz”,
which however does not deal with architectural cetitipns in particular. Competition
rules are often provided by the national unionrohdects or similar achitects’
organisations, like the WOA/WSA (former “Wettbewsolbdnung”, since 2010
“Wettbewerbsstandards fur Architektur”) in Austria.

Competitions either call for new design ideas anlyor the design of a construction
project that should be realized subsequently. Thed bf the competition contains the
relevant information on the project’s aim and pesgme, on the site, on visions of the
client and on participation conditions. In Austitiasually comes in two parts, a chapter
on general rules, like eligibility, the jury, prineoney, timetable, etc. and a project-
specific chapter issuing in specific aims and agpns, the assessment criteria and
submission requirements. In a 1-stage-competiherjury announces the winner after
the decision. In a 2-stage-competition the autbbthe best contributions are asked to
elaborate their scheme further and the winnereistetl after a second round among this
reduced number. Thus the ineffective effort fortipgrants is limited.

The submitted schemes in a design competition awgyto impress the jury. Although
3D and even photorealistic pictures of buildings aresented it is by no means clear
which materials will be employed and what will Ibe pperformance of the components.
Cost calculations are often demanded but have tough estimations for the same
reason. This description is true for both the Id arstage competition; but it is not true
for the general contractor competition (“Bautragettivewerb”) that is quite popular e.g.
in Vienna residential housing projects. In thiselygd competition not only a design has to
be submitted but also a specified performance.cbsés have to be guaranteed and must
not be exceeded unless exceptional circumstancesred. Participants are mainly
property developers or builders in a team with ogitefessionals.

For the implementation of sustainability aspecesrtiost important phases of the
building life cycle are the programming stage am@lreliminary design stage which is
exactly covered by the competition. To create sngbde buildings the right decisions
have to be taken during these phases. Therefdnegsef environmental targets and
proving how and to what extent they are achieveailshplay an important role in the
design competitions.

Even though the following chapters are based o\tistrian situation, it can be stated
that it will be of similar relevance to all Europeeountries because structure, content
and procedure of these competitions corresponuiritas rules. Especially all public
authorities are obliged to follow the European prement directives. Amongst other
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requirements they have to announce the invitabaender across Europe if certain
threshold values for the budget of the projectexieeeded.

Structure and Methods of the study

To arrive at a comprehensive impression of thegmiesituation of the Austrian
architectural competition sector concerning enenyy sustainability aspects the study
was conducted in three parts:

* Online survey among Austrian architects
* Workshops with stakeholders
» Study of 51 architectural competitions

The results from the online survey deliver a quantie picture of how common energy
requirements are and to what extent architectepart¢hese requirements as
problematic.

The stakeholder workshops were designed to caliémtmation on the perceptions of
clients and competition promoters. What are themands and their experiences? What
driving forces towards energy/sustainability ineggyn into architectural competitions do
they experience? The discussions in the workshaopsde qualitative statements and
shed light on barriers and synergies.

This quantitative-qualitative picture is fleshed @urther by the analysis of competition
documents. What are typical paragraphs that cot¢airand requirements and in what
manner do they occur in the competition documeAts?here (big) differences between
various competitions? Especially the connectiomnvben the jury’s statement and the
promoter’'s competition documents was considerest@sting: What constellation leads
to energy/sustainability acknowledgement in thg’gudecision?

Perception of the relevance of energy — online sgamong architects
Additional information was derived by an onlinesey among architects.

The intention of the online survey was to gainrapriession on the relevance of energy
aspects in architectural design competitions andomthe present situation is perceived
by architects. The request to participate in threespuwas sent to the members of the
Federal Chamber of Architects and Engineering Citausts of Austria by e-mail in 2009.
1500 persons received the request, 806 startemhthree survey and 430 completed the
forms representing a return rate of ca. 30%. 5@%%e survey respondents had
participated in more than 6 design competitionthelast 3 years. But only 30% had
acquired more than 25% of their projects by winroehgompetitions.

Only a short list of questions had been prepareshsure a good response rate and to not
only reach “eco-architects”/environmentally consis@rchitects. The 6 main questions
of the online survey and their answers were:
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* What is the importance of energy in your work?

* What is the importance of energy in architectuoahpetitions?

Energy is without doubt an important topic in tlesigin process rated as important or
very important by 95% of the respondents. Howes@ncerning the relevance in
architectural design competitions the opinionssaié: for 47% it is also important and
very important in this early stage, whereas anoffiét say it is less or not important.

» Are tendering documents clear with respect to gnergllow for an objective
assessment of the competitors?

» Are jury decisions transparent and comprehensilile spect to energy related
criteria and weighting?

Concerning the clear wording of energy targetemdering documents only 2.7% find it
fully granted, 53% consider this is partly true dd33% this is not the case. Even more
evident are the answers concerning the jury decisar 50% it fails to be transparent,
35% assume it is partly transparent, 1% say ilig fransparent.

* Which problems exist if energy aspects are integrat architectural
competitions?

* What should be changed in today’s competition practith respect to energy
aspects?

The last two questions provided multiple choiceelilsanswers and the possibility of own
answers. The main barriers for integration wereseSsment criteria are not detailed
enough (27%), related design effort is too big (258ésign stage does not support
energy calculations (23%). There is still uneasndse whole topic seems to be too
complex (18%); but only 6.6% state as a problermhehargy targets could delimit their
design options.

4 items were listed that could improve today’s pca&c Not amazingly clear assessment
criteria ranked highest with 30%. 27% voted fom(gie) calculation tools. But also
additional expertise in the pre-approval stageiarnbte jury was demanded (by 20% and
22%, respectively).

Several free responses dealt with the additioriattefneeded to develop the energy
aspects. Some respondents required that this effortld be rewarded.

The viewpoint of stakeholder clients — their petimapof the relevance of energy

Whereas the survey showed the opinion of the arcisit professional clients expressed
their view of the questions listed above in two katrops. The workshops were
conducted with representatives of 5 project partmganisations that are actively issuing
architectural design competitions for their builgljprojects (Styrian health care company
KAGES, OeAD housing office for students, BIG Fedi@raperty owner, the building
management of the Styrian administration, the 8tyGhamber of Architects).
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The integration of energy aspects in architectcoahpetitions was very high on the
agenda of all workshop participants. They anti@pstict requirements in future by
legislation and by political decisions of their argsations. To their opinion in practice
jury decisions often do not reflect the energy #etions, thus the winning project does
not always perform as well as desired.

Several clients have already started to develadp ¢len criteria and assessment
instruments. But quantitative criteria promisingifrable evaluations are still missing.

To reach a jury decision that is transparent amdlsis satisfying for the client, i.e.
meeting the clients demands, it is prerequisitetdradering, criteria and weighting has to
be prepared thoroughly to get design proposalscdrabe compared soundly.

Apart from general contractor competitions theratithe moment no guarantee that the
claimed energetical performance of a proposaldstred or energy concepts are realistic.
It is one of the problems that architects at thmpetition design stage (preliminary
design) may claim to reach whatever energy targdieit with significant higher costs if
their design causes main energy losses e.g. by tdeged facades or by a
disproportionately large building envelop.

Other barriers for energy specifications/calculagiare the low level of detail in
competitions that does not allow a detailed catouheof the energy index, the high effort
also for the client if detailed specifications desmanded. The Energy performance
certificate stated by the Energy Performance ofddugs Directive (EPBD) is considered
to be too detailed, requiring inadequate effortsafbactors in architectural competitions.

More awareness of the energetical quality of tregiewould greatly be appreciated by
all professional clients.

Environmental targets and their integration — argadyof competition documents

A study of 51 architectural design competitionsiaildings in Austria was conducted
with the objective to analyse the present situadiod focus on how environmental
aspects are integrated. The competitions weretseléom an online platform
(www.architekturwettbewerbe.at) operated by thegf@dChamber of Architects and
Engineering Consultants of Austria that containsusieentation of all major Austrian
architectural design competitions.

From this platform 51 competitions were taken #taiwed ambitions concerning
sustainability and that offered a range of buildipiges and of representative clients (see
below). The majority was issued 2006 — 2008. Doaqumeomprised the tendering
documents and jury panel protocols. Sometimesrajsorts from the design approval
stage and additional competition materials (plangject descriptions, expert reports,
etc.) were available.

The competitions had been tendered by followingnts:

e 27 Public authorities and third-party companiepublic authorities (both
subjected to the European Procurement Directives)
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* 13 Housing companies

* 11 Private Companies
The building type mix was:
* 17 housing projects, 1 foster home, 1 guest house
» 6 office buildings, 2 hotels, 1 other conditionadlding
* 9 nurseries and primary schools, 9 secondary sstew universities
* 5 hospitals

38% of the competitions dealt with new building8%d with retrofit and 1% both with
retrofitting plus new building parts.

The distribution of competition types was: 4 geheamtractor competitions, 2 ideas
competition, 34 1-stage and 11 2-stage-competitions

The analysis of the integration of environmentedéés in design competitions followed
the most important competition stages, which inegahcan be divided into:

» Programming (project development), aims and aspiratf the project,
incorporated in the tender documents

» Tendering, in specific definition of assessmertecia and assigning their weights

» Design works of the participants and provisionhe tequired
calculations/diagrams (if any) by the participants

» Design approval through an expert (or several ¢gper
» Jury panel meeting and decision

The main focus of our study was on energy relaspeets, e.g. targets for operational
energy in the use stage, as in all competitioneustaidy they represent the most
important environmental aspect. Other requiremest® primary energy demand,
ecological properties of building materials, larsg ulife cycle costs and social aspects
like e.g. indoor environment and health aspect&rf@@ating in summer was also
important issue in many competitions; as a requarnt was linked either to energy
demand, to operational costs or to comfort.

Envisaged environmental aims and energy standard

The tender documents of virtually all competiti@mositained a passage stating that the
building is meant to be sustainable (this was alselection criterion as mentioned
before). The text however is not always going fintdher details.

Often the energy standard that the building shoeddh is given:

» 15 buildings should reach “low energy standard”sthyoan energy performance
of lower than 30 kWh/m2/year is given as the target
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e 7 buildings should perform even better: 5 shouléd IBassive house, 2 should be
better than low energy standard. In this categftenahe calculation method is
also specified, e.g. according to PHPP (“PassivRaggktierungspaket”).

* For 8 buildings it is stated that buildings codes sufficient.

e For 21 buildings there was no instruction on te®&ie.

5

O Passive house

O better than Low energy house
O Low energy house

O according to building code

B no specification

8
Fig 1: Specification of the energy building startiirat should be reached

The use of renewable energy sources is also dasissVeral cases:
» 10 times passive solar energy use should be irtezfjna the design.

e 7 times active solar components should be intedr&émes for domestic hot
water and 2 times additionally for heating andfolmg.

» 2 projects should also have photovoltaics.

Solar energy use was expressed as an aim partycidathe low energy standard
buildings. But seldom the fraction was specifieat tthould be covered by solar energy.

An elaboration of the HVAC-concept was requestedfiod general contractor
competitions which should by the way all reach Rassouse or better than Low energy
standard. It was stated what should be the calounléisis (e.g. Passive house according
to PHPP). In 18 tender documents the favouriteggnsource was named, which was 10
times district heating, 4 times renewable energy. (@omass), 2 times “alternative
energy” (e.g. heat pump) and 2 times other, alréastplled energy carriers (natural gas,
fuel oil). In few tender invitations it was requiréo show that no overheating in summer
will occur; but not always a method was determihed to fulfil the requirement.

Other environmental targets were not quantified tand are not as unambiguous as the
energy standard.

Some clients attached additional information breebwand studies, e.g. a Greenpeace
leaflet on climate-conscious organization of camsion processes and choice of
materials or gave data hubs and sources. It wagpeb the participants to draw
conclusions for their design proposal and to elateotheir ideas in the description of
their proposal. It was required in 5 of the progday the client that sustainability aspects
(apart from mere energy centred considerations)ldHme referred to in the description.
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When environmental and life cycle statements weare g the tender documents the
projects were often also designated as “pilot tsje The vision that could clearly be
recognized was to go beyond usual practice conogustainability. Nevertheless only
few examples explained visions and objectives taitler quoted measures how they
should be reached (e.g. grey-water tank, etc.).

Assessment criteria and weighting

The criteria that the jury is going to apply toitheecisions on all submitted schemes
have to be disclosed in the tender documents inrsu€ommonly used criteria are
“urban development”, “architecture”, “functionalitgnd “economical operation”;
sometimes a'criterion “ecology” or “sustainability” is addedccasionally even more
criteria are held. 4 of the 51 competitions didcsfyeonly the above stated first four
criteria with no further reference to energy ortaumability and with no further
explanation of them either. The remaining 47 cortipes explicated sub-criteria for

each criterion and are evaluated in the followiagagraph.
Assessment criteria and weighting for energy

Energy and energy-related aspects are either caatam an own criterion (7 times), or
they are part of another criteria group or theyraeincluded in a criterion or sub-
criterion (11 times) at all.

Energy supply and energy use requirements are pédrof economical criteria (in 15
competitions). The corresponding wordings readtbaj.energy consumption is a factor
of “economical operation”, it is determining theltbw-up costs”, it is causing the need
for optimized solutions with respect to overheaiimgummer, etc. In 16 competitions
energy aspects are a part of a sustainability alogg criterion. In 5 competitions energy
was also addressed in another criterion, e.g. witimctionality.

11

O criteria-headings without sustainability/energy

O without energy in criteria and subcriteria

M criterion "energy"

O energy within other criteria

29

Fig. 1: Role of energy and energy-related aspedisa assessment criteria of the
analysed competitions
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23

Oenergy-aspects in the other criteria:

O in economical criteria: 15

O in sustainability criteria: 16
O in miscellaneous criteria: 5

29

Fig. 2: Energy-aspects were mentioned 36 timesharcriteria than energy (for 29
competitions).

Some tender documents had a weight (in percerg arcartain number of points)
assigned to each criterion that the jury wouldefl Weights were indicated on the level
of criteria; sub-criteria were not weighted. 15 gmtitions specified weights; in 5 of
them the energy criterion was given a weight ragdiom 33% (of 100% total sum) in 3
passive house projects, to an innovative facadevedion (15%), to a guest house
committed to sustainability (4%).

Assessment criteria and weighting for sustainapilit

Sustainability was one of the assessment criterlicompetitions. Three times the
sustainability criterion was extensively detailed durther subdivided. Eight times
sustainability was a main criterion (usually onelair 5 main criteria). In all other cases
ecology or sustainability was either part of thiéecion header (very often it was termed
“Ecology and economy”) or a bullet point. There soene examples of tenders with no
sustainability criterion in their list. Neverthetethey claim to be ambitious in terms of
creating a sustainable building. In one of the cetiipns even an expert was hired to
analyse all proposals with respect to the primagrgy demand of the building
materials; however the participating designers wetdnvolved in this expertise.

Scope of submitted work

Defining one or more dedicated assessment criiedagood possibility to ascertain that
the applicants will respond to that issue. Anothealy strong possibility is to require
specific documents for submission, e.g. certaimnvargs, diagrams or calculations. In the
51 scanned competitions no such requirements hem fesed.

Requirements are also set forth/put down in thesmaf the text of the tender documents
of some competitions. The formulation sounds oftéhe scheme should react on...".
These references can either be visions explainddtal, or guidelines included or
external studies that are attached. They are ratgre hints for the implementation of
sustainability goals. A contradictory example — rbayan exception proving the rule —
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was a tender document stating in a sole paraghaghite design has to meet low
operation costs and that this will be check indbsign approval.

As a matter of fact, sustainability is often dewilh in written statements of the
participants. Since there is no way to verify tsaally exaggerated explanations the
client and the jury cannot seriously count on th@&m.the other hand the designers do not
know whether it is worth to invest time and effsirice it is not evident that the jury will
take these sections into consideration.

Design approval and jury

In Austria a pre-check of all submissions is cugionto ensure that all designs meet the
requirements, e.g. that they are compatible wighidleal building codes or with housing
subsidy requirements. This check is performed pyogessional architect, at times
assisted by additional experts like energy expmrtechnical experts of the client. One
important task is also to compile key indices tadienmark the submitted projects and to
provide the numbers to the jury.

Time and effort of design approval will be enornmiguscreased if complex key
indicators have to be calculated, e.g. the totablaw area per orientation or an energy
index. In some competitions those key indicatois een quoted as a relevant decision
criterion, e.g. the area/volume ratio albeit thisntber has not been demanded from the
applicants. In practice it can be assumed thaitrnhlisator was not available to the jury
then and the jury decided “on instinct”. Alas, feeck protocols were not available for
all 51 analysed competitions.

Involvement of energy expertise

Energy experts had been involved in the designauappre-check) in 14 competitions,
whereas in another 14 competitions they had nat.ldé&r 23 competitions not further
information on this subject could be gathered.

The energy experts had evaluated all schemesnéomniation was included in the
protocol, with the exception of 2 competitions sigywno energy-relevant additional
information. 12 of the 14 competitions can be taetrambitious with respect to energy
and sustainability goals, 6 claimed to be pilotjgets in this respect. 5 of the 14
competitions had been a call for passive houskad/deen a low energy house call.
Strikingly many municipalities involved externah@rgy) experts.

Energy experts had been participating in 7 jurygtgralthough 5 of them were already
energy-pre-checked. This is a particular firm b&sisassessing how appropriate the
future building will be in terms of energy perfornea. In all 7 competitions energy
aspects are present in the jury protocol. But mtlzer 12 competitions also energy
aspects were apparently discussed and recordédh& latter had been energy pre-
checked.

In Austria the jury examines every admitted schame puts down an outline of the
decision. Often a detailed reasoning of the degisaecorded, especially for the
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winning projects. It was analysed whether energeets were raised in the description
of the winner project.

An overall picture gives the diagram below. S@nérgy experts participate in the pre-
check and/or participate in the jury energy aspedtsalso be mentioned in the jury’s
description of the winner. So the winner descriptipves some indication on the energy
assessment.

o Energy in
No indication design
fo_r energy in approval, jury
winner and winner
description: description:
32 X 7 X Energy in

design
approval and
in decription of
winner:

Energy aspects 7 X
in description
of winner: 5 X

Fig 3: Consideration of energy in the descriptibwmner project with/without energy
experts involved in design approval / jury.

Sustainability aspects

From the jury protocols it is virtually impossilile recognize what weight sustainability
was given in the jury or whether it was consideatdll. In the minutes of the discussion
the submitted design proposals usually are destribeerms of the functionality, how
they fit into the neighbourhood, the expressedigtestatement”, etc. but not the
expected contribution to sustainability.

It would be very important though, that the juryues also aspects like resource
efficiency and indoor quality (anticipated noisedks and lighting levels, moisture
problem zones, etc.) and also puts forward demeondarther improvements of the
winning projects.

Conclusions from the Austrian study of architectai@sign competitions

Sustainability and high energy performance is \oétgn a vision of clients nowadays.
The EPBD has raised the need to set the trackssmirection early. Professional clients
and competition promoters perceive this challengkhave already started to develop
own tools to evaluate pre-design. This was conftrinethe workshops with
representatives of 6 national and regional autlesrand institutions that are acting as
competition promoters.
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In the online survey architects approved the siganit status of energy in architectural
competitions: After all 47% rate it as a very imgaot or important issue.

The analysis of the 51 architectural design cortipas also reflected sustainability as a
client’s value. Tender documents contain sustalitamformation and requirements at
various points of the competition brief, e.g. ie ttescription of the project, in design
guidelines and advice, or in the assessment @itéhie expectation was also often
expressed that the submitted schemes should besareato these client's ambitions and
that the winning project is also an outstandindainability solution. But detailed
guidance was seldom given in the competition oretvhat method to use or what
evidences had to be included.

Problems that were mentioned to come along witly @ssessment of pre-design
schemes that are submitted in architectural cortiqesi are: time and effort that might be
too high, details might be needed that are notldeee yet, and criteria that are not clear
and elaborated. These problems ranked equally tepon the online survey. It is
interesting to note that the concern that desidiong and variability might be reduced
was not voiced.

Clients and competition promoters report the sarmblpms related to assessments. They
additionally complain about “empty promises” apgafits make concerning the energy
performance of their submitted scheme.

The situation was analysed in greater detail inctimapetition documents: Several
competitions contained detailed energy-relatedli@kino corresponding assessment
criteria. The other way round was also found: thveeee energy-relevant assessment
criteria (mostly under economic or ecology headimyg no explaining text and no
further information indicating the seriousness angortance within the decision process.
It can be stated that rarely any applicant knows Bpergy and sustainability aspects are
rated and how he/she should illustrate how welhleisscheme is prepared to cope with
it.

The most important phases for implementation ofasnability and energy aspects are
programming and preliminary design which is exactlyered by architectural
competitions. Energy and sustainability in architeal competitions is seen as important
topic by architects and clients, but so far sugaitategies and instruments for successful
implementation are missing.

In most architectural competitions energy and soghality turns out to be a vague vision
of the client without measurable targets and cipacifications in the tendering
documents. This situation gives broad wiggle roonpfrticipants, pre-checkers and the
jury. For participants the lack of transparent asseent criteria means ambiguity
concerning their performances. Pre-checkers arabietto provide transparent, traceable
documents for the jury, so that jury decisions\eae much characterized by acquired or
claimed experiences or maybe by a sense of relebanacteristics or even by “instinct”.

Strategies for the integration of sustainabilitg @mergy aspects have to be done along
all phases of architectural competitions both aganrsational and on technical level. The
development of practicable assessment tools twhgde one of the most important
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issues. This has been quoted as well in the oslineey by architects and in the
workshops by clients. Compulsory use of the sarsesasnent tool by all participants is
the only way to get reliable and comparable restilte use of alternative tools should be
excluded. As a starting point energy related objesthave to be integrated, but the
awareness for the importance of sustainabilityafbactors of the competition sector has
to rise also.

Indicators that can be used for the assessmerfbasdbsequent tools have to be as
simple as possible defaulting all those paramekeiseither are not known (e.g. materials
in classic competitions). Any special aims of datkd competitions like solar energy use
or the use of materials with low environmental iciigacan be covered by specific
indicators. The recommended indicators for LCA-lssessment of the building
materials offer the following advantages: On the band they are the most important
indicators for building materials and on the othand they are the same indicators as
chosen for energy in the use stage, which enaldesn@nstrative comparison of impacts
from the product stage and the use stage.

Strategies for enabling a fair comparison of dflesnes have to be developed together
with the key players in the competition businessol$ for this purpose need to be
objective and transparent, at the best based tandagdized concept. Independently in
Germany and Austria two research projects were ucted for energy performance
rating in the early design stage. In both projettich was the main result: the German
ClimateDesignCompetion tool (Hausladen 2009) aedBAA-Tool which has been
developed by Staller (Staller, et al., 2010)

4.7 German Case Study

4.7.1 Offices for the Centre for Sustainable Buildi  ng (ZUB), Kassel,
Germany

Description of building, construction, etc

This case study focuses on the office building mauthe Centre for Sustainable
Building (ZUB) in Kassel Germany. It was plannedha vision of showcasing the
possibilities for sustainable design. The buildag three floors above ground and a
basement, with a net floor area of 1347 m2 andzr88gross volume.

To follow-up the building’s environmental life-cycperformance, the life-cycle
assessment software Gabi was used for LCA cettiibicaPrevious to this, life-cycle
thinking had been deployed throughout the entioegss. Gabi was selected for this
certification as (along with LEGEP) it is one oéttwo well-established and mainly used
tools for building LCAs in Germany.

Gabi is a software tool for modelling products agdtems from a life-cycle perspective.
Different models can built for any products, bakemissions and material and energy
inputs and outputs and calculate LCAs. The GaBwswe is packaged with the life
cycle database of choice.
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A superior environmental performance was prefefoedhe construction since the
building houses offices for a company that promstestainable building.

Targeted indicators

As per the overall interest of the Centre for Sustiale Building (ZUB), and the stated
vision for this specific building, it was plannesl @an example of environmentally
conscious building. The following objects are cackespecially:

The building is designed and equipped as a buildirig minimal energy demand
Use of environmentally friendly construction matédsiand technologies
A demonstration project for sustainable construrctio

The targets are set for researching on energy ggadoffice buildings. This building
project was initiated by Prof. Gerd Hauser, Proffaed Hausladen and Prof. Gernot
Minke. In order to achieve the minimal energy dechas well as promotion of new
construction materials and technologies, the enanglyresource flows across the entire
life cycle of the building were focussed on.

The use of the tool/life cycle approaches in thacpss

A multidisciplinary team was formed with actorsriraifferent sections as owner,
project conception, architects, building serviasrgy conception and simulation,
experts for cobwork, thermal and acoustic buildphgsics and structural design.

These actors were involved from the start of thoggut, and they enabled a continuous
information exchange yielding mutual benefit.

Tool use and the influence of final design

The tool was not used during the design and coctgdruprocess. Aiming at DGNB
certification, Gabi was used as a post-construatiauation for calculate the
environmental impacts of the building.

The LCA tool and calculations are only used after completion of the building. So the
complete LCA was not affected on the developmentgss. But life-cycle thinking was
involved since the beginning of the project conmepand was considered through the

entire development process.

Different models of construction and building pate set for researching the optimal
energy use and minimal energy demand for the mgldi

5 Discussion

5.1 The effect of Life-cycle thinking in cases

The case of the French public laundry is intergdtiecause it involves the application of
an LCA procedure (covering a broad range of midypenvironmental indicators), where
it has been possible to identify specific areasreliiee application of the tool changed
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the design (no active air-conditioning, window apation). The Spanish case study on
the renovation of apartment buildings in Playa dbrR is another example where, in this
case aimplified LCA procedure was applied. The application of firiocedure has
recommended measures that may not otherwise havedageried out, however it is not
clear whether these will all be carried out in tighthe project budget. Interestingly, in
both cases, simplicity-of-use were cited as reagmmapplying each respective tool. In
the French case this depended on the fact thavdheised was directly connected to an
energy-modelling tool. In the Spanish case, a cudtml was developed, with a limited
range of indicators. The Austrian case study oava kindergarten is also an interesting
example since LCA was introduced early and wagnated in the whole process. In this
case actual numbers were also presented relathd teduction in primary energy
demand that was achieved by making use of LCAerdisign process.

In other cases where life-cycle thinking on thdescd an entire building has been
applied, LCA has not been used specifically to ysebptions in a pre-construction
phase. A wide range of environmental rating toolshdwever feature prominently.
Motives for using a rating tool of any sort thatiged in many case studies is that a rating
tool facilitates the setting of targets for a giy@oject. In this respect rating tools have an
advantage compared to custom-target setting iarsasf practitioners avoid spending
considerable time establishing reasonable envirotahéargets specifically for a given
project that may not be applicable again in anosle#ting.

Some examples of rating tools applied in the casdiess are the British tool
BREEAM(see Norwegian case studies), and the EUéeGBuilding tool (Swedish case
studies Kungsbrohuset and Vattenfall's office)tHa Swedish case, a reason for
implementing such international rating tools isafeally the international recognition
that such tools offer, and the possibility thes#dmffer to communicate the green
credentials of the building in question to interoaal clients and other stakeholders. A
property owner even went as far as to point outgbene international tenants may have
a policy that requires the implementation of a fffgetol (e.g. LEED, BREEAM) for
rented premises globally. Where EU’s Green Buildiasg applied, a reason other than
international recognizablity that was cited wag tha tool included an element that
focused on energy management processes duringéhghase of the building.

Additionally the French and Swedish case studiesvsgdxamples where domestic rating
tools have been applied, namely HQE (Haute QuBlitdronnmentale, High
Environmental Quality) and Miljébyggnad (MB — enmimentally rated building)
respectively. In both the French and Swedish cdlsesjse of a domestic tool was
desirable due to the fact that a domestic tookbediflects specific institutional (i.e.
building regulations) and physical (i.e. climatepditions in a way that international
tools are not intended to do. Examples of wherafiication of these tools affected the
final design come from the Swedish case studieseMemestration solutions for both
Vattenfall and Kungsbrohuset were amended to aehie desired grade in
Miljobyggnad. Miljdbyggnad was also considered afuktool due its relative simplicity,
with only 14 indicators in total, which made thelteasy-to-use, particularly in the sense
that it was easy to communicate environmental tarige the project amongst the
multiple practitioners that are involved in largestruction projects.
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Interestingly, the Austrian study of architecturampetitions does not give examples
where specific environmental rating tools are desigd in calls for tenders. The studies
further conclude that it would in fact be helpfaldomparing rival tenders if the same
assessment tool or a well-defined set of indicai@s required to be used for each
tender. It seems that this would be an ideal arémplement an environmental rating
tool. Having said that, one issue may be that aesssnent tool required for evaluating
tenders early on in a design stage may not beadlail

The case studies show many examples where lifee¢hoiking has been applied on the
level of building materials. This is of course ttase for the Spanish and French LCA-
based approaches, but also applies for many ofisessc

Where environmental rating tools have been appirederial outcomes are based on how
the issue of materials is treated in the tool ieggion. For example, the Swedish tool
Miljobyggnad requires for the highest rating thatage of materials with
environmental/health hazard classification arepmesent in the building. For this

purpose in the Vattenfall case, the tool for saigcenvironmentally adapted construction
materials and products “Byggvarubedémningen” (apipnately construction product
evaluation) was used in the selection proceduréddding material.

There are many examples where environmental pratkatarations were used for
selecting materials. In one Norwegian study whei®was the case, however, materials
recommended according to EPD’s were not used ifitagbuilding solution due to the
fact that they could not be sourced from suppligtaterial sourcing was cited as a
barrier in at least one other Norwegian case stiMyanwhile, the French case study of
the logistics centre also used EPD'’s as a conditipeelection of some materials,
however it was considered that this did not chahgeactual solution chosen based on
the fact that no specific target was set for th®&Rhe target being that the materials
haveaccompanying EPDs rather than anything specifgetdoased on the content of the
EPDs.

5.2 Driving Forces

The overriding driver behind the projects covemrethie case studies seems to be what
can be termed the goal of creating an environmenmtdile. Here an environmental
profile is considered to mean contributing to alfuinage of the organization in
question as one that takes environmental perforenaacously. The types of
organization to which this applies according theecstudies, and the ways in which an
environmental profile are important are many. la thse of Hammarby Sj6stad, it was
specifically the City of Stockholm for which an émnmental profile was important in a
bid for the Olympic Games. This also seems to bectise for the Playa de Palma
consortium (a consortium of local governments) wheegoal is to create a more
sustainable model of tourism. Meanwhile for Vatédi(a building tenant) such a public
image is seen as important amongst other thingstfiacting environmentally-
motivated employees. Norwegian case studies giaeples of contractors for whom
having a reference project with high environmegtals is important for marketing
purposes.
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Organisations for which environmental profilingnsportant also implement
environmental management systems, where greenrmitdn be seen as a way of
addressing identified some of the organizationshtdied environmental aspects.

Indeed, a separate motivation for building ownsrhat high environmental performance
contributes positively to property value.

Separate to specific actors’ motives, regulatorgde are also considered important, in
particular the Energy Performance of Buildings Dinee, as well as (in Norwegian
cases) specific government incentives.

5.3 Stakeholder Influence

Unsurprisingly for projects on such a large scale@nmercial building projects, many
different types of actors are mentioned as sigaifias driving forces for buildings with
high environmental performance. Hammarby SjostéadjePde Palma, the Austrian
kindergarten are examples were local governments imdroduced high environmental
goals. On the level of the project process, Noraegiase studies point out that the
project manager is a vital actor to ensure thairenmental goals are achieved in
practice. Meanwhile, in the case of the Frenchipuaundry, the design team creating
the tender was critical in advancing the high emvinental goals. Having said that, in
this example it is important to remember that thsigh team did this conscious of the
fact that the clients themselves were environmbniainded. Following on from this, it
seems from the assembled case studies that teis thfe pull principally from tenants
that initiates the high goals for environmentalfpenance. This seems to be the case
namely for Vattenfall and for Kungsbrohuset, aslaslfor at least 2 Norwegian case
studies.

In this respect, it is interesting to note a speadbmparison between the way that public
bodies influence the process and the way that tertkm Specifically, in the case of
Hammarby Sjostad, the City established a requirénhen developers make significant
effort to achieve the goals established in theremvnental program, but that was not
ultimately legally binding. By comparison, in thatienfall case, tenants (Vattenfall
themselves) and building owners (Fabege) havealydginding contract that the
established environmental goals for the projeankee

6 Conclusions
In the areas discussed above, the following cams can be drawn:

Specific LCA methods and environmental rating taolks considered useful by
practitioners in achieving environmental goals beycegulation all the way from early
stages of a construction project. For both LCA radthand environmental rating tools
simplicity and ease-of-use are important factors.

Key drivers for setting environmental goals beyosgulation include public institutions
addressing societal demands, local authoritiedractors, developers need for spearhead
projects for profiling of municipality or companwyé client branding. Access to public
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subsidies or incentives can provide additional@msvor high environmental ambitions
and/or use of LCA in the design process, for exanplcontribute to higher LCA
competence in the design team and the possitlipetform LCA calculations.

The use of LCA in construction projects is stiledut case studies in which LCA was
introduced very early in the process display betesign options in environmental terms
that would have been taken without using LCA. Ssietcessful processes are
characterized of including environmentally conssiand experienced key stakeholders
(project managers, clients, consultants).
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Appendix 1: Interview guide for input to WP4 deliverables

Instruction

Despite the existence of numerous LCA tools fotdags and the proportional high
environmental impact of the building and constretsector, the implementation of life
cycle thinking progresses slowly and quite few pcat examples exist of how the use of
LCA (or at least life cycle thinking) has actuadlifected construction projects.

This interview guide aims at collecting more ofdepth qualitative information about
interesting construction projects/programs in wHifghcycle approaches were/are used.
There are two main aims (providing input to delaldes D4.1 and D4.2 respectively)
and therefore the interview guide is divided imMo tparts:
3. To provide in-depth process information about why and how life cycle approaches were
used and how it might have affected practice.
4. To provide input if particular LCA scenarios were used and if so what scenarios were

used.

The interviews should be performed with one or nmi@y persons who have insight into
the process of using life cycle approaches in trestruction projects. To provide
interesting information the interviews should prafdy be quite open in their character
which means that the questions below should be agenerarching questions/help
questions, but that you should feel free to poshtiatal follow-up questions to try to
understand the proce€ut again, note that we areinterested morein understanding
why and how decisionsweretaken, that isin-depth under standing and not just
yes/no-answers.

Theinterviews should preferably bereported as narratives/written summaries (one
per each case study), with more or lessthe following outline:

1. Brief description of building, construction, etc (observe, only as background information
to understand the context)

2. Brief description of the assessment tool/life cycle approaches used in the process
(mainly to understand the “level” of the life cycle approaches

3. Why was the tool/life cycle approaches used in this project? Who (asked for)/demanded
it and for what reasons?

4. Which topics/indicators where targeted?

a. Was resource consumption over the life cycle an important issue?
5. How was the tool/life cycle approaches used in the process

a. What input data was used, sources of information?

b. Who was actively engaged in using the tool?
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6. Did the use of the tool, calculations, etc influence the final design? If so, how?

a. Why was the final design influenced? Which actors played important roles in
this process?

7. Description of how scenarios were defined and treated (Part 2)

Interview questions

Part 1
1. Canyou briefly describe the project (type of building, size, client...)?
2. Specify the environmental targets set for this project?

3. Why were these targets set? Who initiated it/demanded it? Why were these
indicators/issues focused? (Was resource consumption over the life cycle an important
issue?)

4. Was a particular environmental assessment tool used for the project? If so, which one
and can you very briefly describe it? Is the tool including LCA calculations or is it merely
based on life cycle thinking?

5. Why was this particular tool* chosen?

6. Who used the tool during the construction process and what was it used for? (e.g as a
design tool in order to reach the environmental targets, post-construction evaluation
tool....)

7. In what ways did the use of the tool/life cycle calculations have impact on the
development process? Did it differ to a construction process without specific
environmental targets and if so how?

8. In what ways did the use of the tool/life cycle calculations have impact on construction
alternatives/decisions/choices, the final design, etc.?

9. Which actors played important roles in the process which affected the final design?
What were important characteristics for these actors (high competence, motivated
design team, strong client demands....)

Part 2 - specific questions on treatment of LCA scenarios

10. In the assessment/LCA calculations, in what ways were the following life cycle scenarios
defined/treated? (Were scenarios defined by the client, by the used tool or from where?
Did the tool only provide one way to treat the scenario, how then? Or is the tool open
for treating this scenario in different ways — if so for what reasons was a particular
scenario chosen in the calculations?)

2 Tool is interpreted broadly and can include fommaple rating tools like LEED and BREEAM or EPD’s
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a. Life time (choice of anticipated life time), as design life, service life, maintenance
intervals

b. Maintenance/operation (is for example cleaning and other operation activities
included in the calculations)

c. Renovation (are for example exchange of building materials and renovation
activities included in the calculations)

d. End-of-life (is for example recycling of building materials accounted for in the
calculations)

e. User behaviour (are special considerations accounted for in the calculations in
relation to the expected building user groups)

f.  Flexibility (has flexibility in relation to future building use somehow been
accounted for in the calculations?)

11. Why were these scenarios chosen?
12. Were the assessments/calculations done by trying out different scenarios? If so, which?

13. Did any of these scenario choices play a role for decisions taken on the final
design/construction choices, etc?
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