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1. Introduction

How does a new design affect the future energy adtenvironmental impact of the
building? What measures are most important to itakeder to perform an energy-efficient
refurbishment? Knowledge about this is possiblgaim from life cycle assessment (LCA)
and calculation of life cycle costs (LCC). With thegoing development including energy
certification schemes, environmental labelling, ¢thmate change debate, etc. the interest for
a life cycle perspective of buildings is increasgtgadily. The demands among clients,
municipalities and property developers for morgaunable buildings are also becoming
stronger.

LCA/LCC is sometimes looked upon with suspicionrrigas for implementation for instance
include prejudices about the complexity and arbjtrasults, accuracy, problems regarding
interpretation of results and too high costs tdgrer it. LCA tools that are well integrated
with standardised softwares used by e.g. architgetalso still rare. To this date, the demand
for similar assessments has been low. This demamde expected to increase. Concerning
the other barriers these guidelines aim at bridgstrof them by providing a basic lesson in
what LCA is, what it can be used for and how it barperformed, all adapted to the design
process of buildings.

1.1 Target groups of the guidelines

These guidelines are directed to you as a prawgitiozho work in early design phases of
building developments or refurbishment projects awadt to achieve energy saving and
environmental improvements with regard to the eritfe time of the building. Since LCA
and LCC are accounting methods some input dataeaessary. Here it is implied that at
least some rough quantitative data regarding mgldimensions, orientation, window design
and choice of basic building materials are avadabl

Architects and other consultants are the main taygrip of these guidelines since they are
the ones who may perform an LCA assessment. HoweNents such as property developers
and urban planners are also targeted since theapgycan demand better buildings and
assessments to prove this.

When developing these guidelines three levels dbpming an LCA was considered:

» Basic — basic calculations in excel sheets withplnmput and output only covering
one or a few environmental impacts. No or veryelixperience is demanded

* Medium — LCA calculations done with help of builditools like Ecosoft, EcoEffect,
Equer, Legep, Envest, Beat etc. Some experiencexardise is required to use these
tools.

» Advanced — General and comprehensive LCAtoolsSikeaPro, Gabi, etc. A lot of
experience is needed to handle these softwaredoiiding level. These tools
demand much training and profound understandirigc# models. They might not
even be suited for application in early design phas

The goal for these guidelines is to support advarece on the two lower levels, i.e. get
inexperienced people to start to make simple LO#&later on try the buildings tools.
Advanced LCA calculations will therefore not bealissed more.

This Guideline report starts with summarizing LCAda.CC and then outlines the system for
environmental management in design where LCA/LCEleaused. To understand the
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possibilities for how and when to apply LCA it mportant to have a clear picture of the
building process. A recommended step-by-step praeeidr performing an LCA is
summarised in the end.

1.2 Why performing an LCA?

LCA provides better decision support when optingsemvironmentally benign design
solutions that consider the impacts caused duhieghntire life-time of the building. Thus, the
quality of buildings in a long-term perspective ¢@improved. It can for example provide
better grounds for deciding on questions like:

Which are the best combination of building materialthe facade?

Which load bearing structure is most environmewtadinign for this building?
What energy sources should be cosen for this ImgiRli

What thickness of the insulation would be optimal?

How much do solar collectors reduce the environaléntpact in this case?
What does recyclability of a certain technival sioio mean?

What environmental targets would be suitable fa ginoject?

Further, there are a number of other argumentgdtimg to know more about LCA and how
it can be utilised:

In a number of European countries, The Energy Redace of Buildings Directive
includes environmental information in energy carétes, particularly C@emissions.
Life cycle assessment (LCA) can serve with thisiinfation.

For commercial actors, LCA supports CSR (Coopéesaigal Responsibility)
strategies and enables reporting environmentabpagnce which supports the value
of good-will.

There are increasing examples in the world on @iffetypes of economic incentives
such as loans and subsidies connected to sustéinabbuildings.

Not only the amount of energy use is consideredatnat the energy embodied in
building materials, transports and the advantageycling are evaluated.
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1.3 What is LCA — Life Cycle Assessment?

LCA is a technique for assessing the environmeagpécts and potential impacts associated
with a product, by
« compiling an inventory of relevant inputs and ouspof a product system;
» evaluating the potential environmental impacts eissed with those inputs and
outputs;
* interpreting the results in relation to the objeesi of the study.

LCA studies the environmental aspects and poteintigécts throughout a product’s life (i.e.
cradle-to-grave) from raw material acquisition thgh production, use and disposal. The
general categories of environmental impacts needdnmgideration include resource use,
human health and ecological consequences (ISO 14B¢@erforming an LCA you get
guantitative information about the buildings cdmition to for instance climate change and
depletion of resources, which can be compared thérsame information for other buildings.

The principle of LCA calculations is simple. Forcadife cycle stage you investigate the
amounts of materials and energy used and the emgassociated with processes. The latter
are multiplied with characterisation factors prdfmoral to their power to cause environmental
impact. One specific emission is chosen as theerée and the result is presented in
equivalents with regard to the impact of the refeeesubstance (table 1).

Table 1. Calculation of environmental impacts actiog to LCA.

Input data STy Y S I TP PPV T T PESE TV P I PP Y : Output result
Amount X ; Emissions x  Characterisation factor ;= Equivalents

MJ alt kg Xi g/MJaltglkg X sfpstance '= g equivalents
From Building ' From database From database :

1 MJ combusted oil is associated with the followamgissions and the resulting gram
equivalent C@Qwhich represents the contribution to global wagnmivhen CQ is given the
Characterisation factor 1,0.

Emissions mg/MJ Characterisation factor

Carbon dioxid CO, 90 000 X 1 = 90 000

Methane CH,x 4 X 25 = 108

Laughing gas N,O 1 X 298 = 179
gequivalents CO, per MJ 90,3

The number of equivalents summed up for each emviemtal impact (impact category) can
further be normalised and weighted to arrive aaggregated result. The marked area in
Table 1 is the core of each assessment metholdigicase building tool). Different tools may
use different characterisation factors and diffesnission data if production processes and
combustiuon technique differs. These tools alsadifferent normalisation and weighting
methods which naturally can cause different results

The possibility to easily acquire building data noyes steadily with modern CAD-tools and
improved data bases. A simplified LCA tool may urd# a generic database with emission
data for a limited amount of building materials amkrgy carriers. Preferably data are
retrieved from EPDs (Environmental Product Declaret), which are Type Il declarations
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(third party control, ISO 14025). More sophistichteCA calculations need access to larger
international databases like Ecoinvent.

Figure 1. lllustration of the life cycle stagesaobuilding and input data for LCA
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1.4 Core elements of an LCA

Although striving for simplifications to attract wegroups of LCA users, some key elements
are needed to perform an LCA which are describéldrninternational standard EN-ISO
14040. Although stressed that there is no singlihatefor conducting LCA studies it is
expected that an LCA includes the following feasure

» Goal and scope definition
* Inventory analysis

* Impact assessment

* Result interpretation

During the goal and scope definition, a functiamait (the unit to which the environmental
impact is related) and system boundaries (the kemigslfor what will be included in the
assessment) must be defined in relation to thegserpf the study. Data quality requirements
should be addressed. At least two life cycle stagest be included, for instance production
of building materials and operation of the buildibgjustify talking about a life cycle
approach.

The definition of the functional unit is particularmportant when different products, or in
this case, different buildings are compared. InBEbeopean standardisation process
Sustainability in Construction (CEN 350), it is eeemended to call it functional equivalent at
building level in contrast to functional unit attproduct (building material) level. For a
residential building, the functional equivalent ni@ydescribed as: A building designed for
90 residents at a specific location, which fulfitional regulations and requirements
regarding comfort, health, safety, energy demaadoster a presumed life time, e.g. 80 years.
This definition can naturally vary but the importéning is that it is the same for the

buildings that are compared.
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Figure 2. lllustration of the actions performedariife cycle assessment (ISO 14042)
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Further, the inventory analysis is the processaifling the necessary data for the
assessment. In the next step, life cycle impa&sassent, the calculations described in table 1
take place. The life cycle impact assessment (L@ some mandatory elements according
to 1ISO 14044:

» Selection of impact categories, category indicaamd characterisation models

» Assignment of LCI results (classification)

» Calculation of category indicator results (charasgion)
These elements are in general already decidedyauifise a simplified LCA tool or a
building tool.

1.5 What is LCC — Life Cycle Costing

Life Cycle Costing (LCC) is a tool for assessing tbtal cost performance of an asset over
time, including the acquisition, operation, maireoe and disposal cost. Its primary use is in
evaluating different options for achieving a clisribjectives, where those alternatives differ
not only in their initial costs, but also in theirbsequent operational cost.

LCC is central to the current international treadthieve better value for money from the
buildings and constructed assets we produce and’ bsdocus today has shifted to
minimising both life cycle costs and the environta¢impact (Davis Langdon 2007).

The inventory of building data for use in LCA cdaabe used in LCC but here you need
complementary information on €/MJ and €/kg.

The benefit with a LCC is that you can study thg Ipack time for the whole life cycle of
different building products and design solutionsc8 the future interest rate has to be
anticipated different scenarios can be examined.
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1.6 Integrating LCA and LCC

Since both LCA and LCC is based on life cycle timigkassuming a certain life time for
materials and the building they are suitable to lwioen giving simultaneously both potential
life cycle costs and environmental impacts forraliéive designs. This combination may for
instance be used for:

Choice of alternative technical solutions

Identifying the technical solution that meets amiemmental target to the least cost
Recount environmental impact into costs

Evaluate an building investment

It can be seen that LCC and LCA can either be atmuyside each other in a broader
evaluation process, or either process can fornmpurt into the other (Davis Langdon 2007).

1.7 Current use of LCA/LCC in building applications

In the building sector few professionals today hdeeper knowledge about LCA. Some
people in most European countries have extensiperence from developing or using
building specific LCA tools. The simplest and prblyamost common building related
application up to current date is the use of LCAdomparing the environmental impacts of
different building materials. Concerning LCC, thaimuse so far is probably for deciding on
alternative installations in buildings.

1.8 Possible simplifications for LCA in practical b uilding design

The complexity and uncertainties of LCA resultsfien seen as main barriers to more
frequent use of LCA. It is natural that if unrelialolata is used, unreliable results will be the
output. However, rough estimates of the environadantpacts over the life cycle are still
better than to ignore these impacts. But in eagligh stages it is important not to trust small
differences in result. For coming up with roughraeates there are a number of possible
simplifications which can be done with the aim torpote LCA to wider user groups:

» simplify the acquisition of building data by focngion larger building elements, skip

transports etc.
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» simplify the inventory analysis by focusing on thest important substances that
contribute to a certain impact category, skip orgify the end-of-life of the building,
only use generic emission data etc.

» simplify calculations by focusing on only a few iaxqt categories.

» reduce the time of the building data acquisitionrbproved CAD softwares.

Since calculations are performed by computers, Ifiegh calculations are of less importance
than to simplifying the tool interface and usapiliData acquisition is the most prominent
problem since buildings contain a huge amount fbé@int materials and the availability of
quality assured production data is restricted. Wtheraim is to simplify, questions like which
data for which life cycle stage is more importdatrt others are important to tackle. How to
communicate clear and useful results is also a vapprtant question since this is the key to
demand for LCAs.

2. Application of LCA in building design

2.1 Introduction
LCA was mainly developed for designing productdmidtw environmental impacts. As
products, buildings are special since they:

» have a comparatively long life

» undergo changes often (especially offices and ddwoalities)

» often have multiple functions

» contain many different components

» are locally produced

» are normally unique (seldom are many of the samé)ki

» cause local impacts

» are integrated with the infrastructure, i.e. phgkgystem boundaries are not obvious.

This implies that making a full LCA of a building not a straight forward process like for
many other consumer products.

A general problem when applying LCA in a designgess is that in early design phases the
options for choosing different solutions are mangl aubsequently data on the products,
which is needed for LCA calculations, is scarcdeta the process, when more decisions
have been taken, better LCAs are possible to parfart then the possibilities to utilise the
result for alternative designs are restricted2fig
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Figure 2. General illustration of the relation befen choice options and
product data availability during a design process.

There are different ways to overcome this problgmoncerns mainly ways to get improved
information about alternative options early in t@sign process and to speed up calculations
of rough results. A toolbox with already calculatedults is one possible solution.
Introducing facilities to easily create alternatiyations and extract data with new computer
programs (BIM- Building Information Modelling), enother.

2.2 The life cycle stages of a building

If making an LCA or LCC of a building by definitiahshall cover the whole life cycle of a
building. This means that generic facts about therenmentally impacting activities related
to each stage of the life cycle are needed alr&ady the beginning. According to CEN 350
the building’s life cycle stages include: produege, construction stage, use stage and end-
of-life stage.

2.3 The building process

The process of developing a new building is commoederred to as the building process.
This process is in general the same everywherddiatls, sub-divisions of phases and terms
may differ from country to country. In general thg@lding process can be described as in
table 2. For refurbishment projects, the same phasefollowed except for that many pre-
conditions and boundaries are already fixed.

10
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Table 2. The building proceasid examples of options for taking LCA-based dmssin

different phases.

Phase Specifications Actors | Planning
instruments
1. Project City/spatial planning authorities sets the framedVunici- | Master plan
development/ for the development. pality Local plan
planning = Choice of site, orientation Land contract
phase » Costs Local Agenda
= Size (e.g. room allocation plans) E(l)cal
Targets for the_energy performanc_e, environmenta
environmental impact, health requirements etc. targets
are stated.
2. The developer starts the design process. Deve- Environ-
Investigation | Probably this phase is one of the most importaitdper mental
phase phases in the building process. All project phases program
of a new building are based on specifications
made in this phase, so here we can find the
highest potential for sustainable building design.
= Design — construction (e.g. light weight
or solid construction)
= if possible e.g. benchmarks for heating
and cooling, renewable energy sources
for the building services etc.
3. Revised preliminary design, including Deve- Sketch
Preliminary/ | preliminary selection of superstructure, buildingoper
Conceptual | materials, constructions. In this phase mainly | Architect
design / design-related issues are available such as a
architects’ definition of heated/cooled areas, shape/volume
competition | ratio, area and disposition of windows, building
position and orientation. It is generally still too
early to decide details about the technical
systems (HVAC) and choice of building
materials.
4. Final design for submission to building authorityArchitect | Design
Submission | for planning permission (determination of
planning superstructure, building materials,
constructions), energy certificate following the
EPBD.
5. Detailed | Final selection of superstructure, building Architect | Tendering
design phase materials, constructions, systems for building | Consul- | documents
/ services as the base for tendering for the tants Environ-
Implementati| construction work. In this design phase the exabeve- mental plan
on planning | definition of all components of the building andloper

the HVAC system are addressed.

11




Z\ENSLIC\WP3\ENSLIC-KTH-WP3-090904-Rev6-Guidelingsc

6. Now the construction work according to the | Contrac-

Construction | implementation plan is carried out. This shouldtor

phase include clear quality assurance measures for | Deve-
monitoring energy and ecological performanceloper

2.4 Environmental management in building design

Making an LCA can be looked upon as a part of airenmental management process. So it
could be integrated into the environmental managewiea building process which is often
performed in a standardised way.

To illustrate this process an example is taken f@weden. Here a kind of practice for
environmental management in the design phase leasdwolved based on publications by the
Swedish Eco-cycle Council and ISO 14001. Since voluntary it is applied a bit differently
by different users and companies. The main ingresliare:

The client states the general and detailed preéirgitargets

The designer analyses the consequences and aareneintal program is settled
An environmental plan to implement the programesedoped

The environmental program is interpreted in drawiagd documents and an
environmental declaration is erected

Targets and preconditions are transferred to tildibg owner.

bR

o

An example of components in environmental progrémasare LCA related:

General target: Contribution to climate changdl dfeasmall
Detailed target: Contribution to climate changewtide less than 10 kg Gy, yr
Strategies: a) reduce energy use

b) reduce use of non renewable energy
¢) complement with local energy

Investigate: a) improved building envelop and pqént performance. Energy
recovery on ventilation and sewage.

12
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b) impact of the district heating system on clienethange. Bying

environmentally labelled electricity and heat.

c) solar collectors, photovoltaics, local wind &gy biofuels
Confirmation: State the chosen solutions, theiicgdted performance and cost. Make

an environmental declaration.

3. Possible integration of LCA in the building process

In the following ideas on useful purposes for pariimg an LCA to improve the building
design process are given.

3.1 Project development - The planning phase

Here the national and local regulations set thenbaties. The possibilities for the local
authorities to set specific local environmentadjéds vary a lot. Some municipalities are eager
to be in the forefront of sustainable developmelnictv may include environmental targets for
building and planning. Especially as land owneesghssibilities improve.

In Sweden the Energy Agency underline the impogaofdntegrating energy planning and
physical planning in order to successively expdreduse of renewable energy (2003). In
Sweden there also are master plans which howegeraregally binding but where it is
possible to introduce energy targets linked to mlayplanning and developing issues
A Swedish master plan gives possibilities to:

» State targets for renewable energy

» Show scenarios regarding replacing fossil fuelbibyfuels

* Show consequence assessments regarding scenarios

» State balances, priorities, strategies and stantpoi

» Create links to business targets, social targatsy@mental targets etc.

Examples of issues that the municipality can deomlare: exploitation rate, building density,
heat use density (KWh/m2, year concerning disiigetting), transportation grid etc.

Targets for the local plan may be formulated as:

Exploitation:
» Floor space index shall not exceed xx m2/m2 dsyridt area .
» Energy demand should not exceed xx kWh/m2
» Parking space should not extend 0,5 per dwelling
» Distance to bus or train stop < 500 m
* No emissions from combustions, or max XX kg CO24m2,
» Contribution to climate change from building maaési< CO2-eqv/m2
» Space use efficiency for dwellings <xx m2/person

3.2 Investigation phase

Actor: municipality, developer
Town planning and design rules generally don’t dednlaCA, but this is an emerging trend
with the concept of ecological urban settlemerg.(Eoncerto Programme at EU level).

13
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National, international and sector goals sometiorgan quantifications. For example goals
for CO; reduction - then these have to be broken dowm @rea or building level? Further
demands on the buildings set by the municipalifyeshels on to which extent implementation
of national goals have been forced on them. Sonestcommunities seem to be worried
about putting to rigid demands may lead to thattmpers move to another municipality.

Typical issues dealt with:
activity description, identifying needs target seft causes to change, initiate a program
work. Targets have to be clear and easily undetsatae.

Activity description might include scenarios andistal trends, the enterprises relation to a
sustainable development and to what extent it cbaldxpressed in actions, buildings etc.
Through the buildings an enterprise can strengtisamage towards actual and potential
customers.

- = A .
E = i
' | 3l

A general target for energy saving could be formedas:
1. “For the municipality, the CO2 cap in relation toeegy used for the built environment
shall not exceed xx in year yy. For this very pegj@ CO2 cap is set to xx.
2. “Minimise embodied energy the need of energy fatimg, hot water, cooling,
ventilation and lighting”.

Possible further development

14
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3. “The release of CO2 for production of equipment hadting and lighting should be
less than x kg CO2 equiv/im2”.

4. “The release of CO2-equivalents for productiongpiipment heating and lighting
should be less than x kg CO2 equiv/im2”.

5. “The contribution to climate change, acidificatigeneration of radioactive waste....
etc. for the production and operation stages, shoelbelow.....xx.

In this phase also time and cost limits are fortaadaThese could also be described in life
cycle terms as a complement.

3.3 Conceptual design

Here the functional, energy and environmental defaamne stated. Costs are roughly
estimated.

Targets for the building may be formulated as:
1. Heat loss parameter < W/m2,K
2. Solar heat load factor < W/m2 or solar apertummiheq. South glazing / m2 heated
area.
3. Energy/primary energy < kWh/m2,ar
4. Emissions CO2 emissions < xxg/m2, ar
5. Fraction of renewables > x%

A possible goal at this phase is to investigatepfssive or low energy alternative is a
feasible option and what it means with referenceneironmental impact.
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3.4 Submission planning — Building components

In this phase detailed LCA and LCC calculationspossible to perform in order to make
final decisions about building materials and HVAGtems. The final results can also be used
as environmental declarations directed towardsntsrend local authorities.

When using LCA and LCC for choice of individual loling materials as roof and fascade
surfaces, flooring etc these materials contribuiiorelation to the buildings overall impact
has to be kept in mind. Putting too much efforts komparing options that means less than
say 5% of the total environmental impact of a bogdthroughout its life time. To get a sense
of the environmental significance of different lolilg elements a simplified LCA may make
sense as a first step.

3.5 The construction phase
Is initially not covered here.

4 Procedure for LCA/LCC calculations in building design

The Enslic project recommends a step-by-step pruoeddr using LCA/LCC in building
design. To provide extra support and simplify corrgmas in a standardised way two excel
files have also been developed.

The first file called the ENSLIC TEMPLATES ( appéxd) contain a number of sheets
following the recommended procedure which are meastandardise collection of data and
communication of building LCA results. Here envinoental targets can also be specified.
The information includes an verview of the purpotéhe assessment and the type of
building that is assessed, the quantitative assgsmsults, specifications of use of energy,
materials, water etc needed for impact calculataons specifications on building
characteristics and building data. Such colleatéarmation improves the transparency of the
LCA calculations and helps to interpret the restiiese sheets synchronised with the present
version of recommended LCA calculations for buitfirdeveloped by CEN working group

TC 350.

The second excel file callddCA simplified(appendix 2) is a work sheet with possibilities to
make simplified LCA calculations in a building dgsiphase in the most basic way. Here
building dimensions and cross sections are insamelthe program calculates material
amounts and their related environmental impactsnates roughly yearly energy use and its
associated environmental impact when energy soareesmserted. This file normally needs
to be complemented with national data. The file lmamuised if one wants to perform very
simplified LCA calculations.

16



Z\ENSLIC\WP3\ENSLIC-KTH-WP3-090904-Rev6-Guidelingsc

The recommended procedure is:

1. State the purpose of the study
(project development, impact comparison, classification, etc)

2. Choose assessment tool
(Basic, building, advanced)Describe the building
(Name, type, size, location etc)
3. State the system boundaries for the assessment
(Reference time, building stage, assessed features, data requirements
etc)Define targets, references, benchmarks etc
(impact, depletion, energy use, Country or EU average, target,..)
4. State scenarios for the reference time
(steady state, regular retrofit, cost development etc)

5. Define targets, references, benchmarks etc
(impact, depletion, energy use, ... Country or EU average, target,
6. Describe the building
(Name, type, size, location etc)
7. Collect data
a) Environmental data that is not in the tool (emissions per Joule, emissions
per kg etc)
b) Building data, for example material amounts, energy use, energy source,
recycled materials, etc
8. Perform assessment
(trial and error if targets should be reached
9. Present results
(graphs, tables, analysis, eventually desired improvements etc)
10. Validate
(check results relative to purpose, check calculations, fulfillment of
requirements etc.)

A template for each step will be developed. A fagempt is shown in Appendix 1.

These guidelines and the templates address perfigrin@A of a building However, the
principles are possible to use also for assessaiamtother scales, such as building
component level or city district level. Each stegommented below.

4.1 State the purpose of the study

Start with stating the purpose of the study. Thigriportant since it is decisive for the
interpretation of results and possibilities to camgyour calculations with others. The
purpose also guides important methodological clsoidenumber of possible purposes are
exemplified in chapter 3 of this guideline and BENSLIC case study report.

4.2 Choose assessment tool

For practical use, these guidelines recommendrditia¢ you use a simplified, basic tool for
LCA assessment or one of the many existing LCAsttlwht are adapted for assessing
buildings. For the beginner, a basic tool (e.geésbeet) might be preferable to start with,
such as the appended excel sheet called simplified(appendix 2).
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In appendix 3, examples of adapted LCA buildindg@oe listed. The choice of assessment
tool depends on requirements such as which indatee is interested in, purpose of the
study (since some tools are more adapted to spexcifposes than others), precision of the
calculation and the way in which results are presrin practice, the tool need to be easily
accessible which means that it is often naturahtwose a tool developed in the national
context where support is easily accessible.

There are also more advanced, general LCA toot$y aa SimaPro and Gabi. With these
tools, the user is more free to choose certainnagBons and they contain more product data.
On the other hand, they demand much higher experiand understanding of the
methodology in order to use it and interpret thmilts. Since these guidelines target building
sector practitioners, advanced tools will not beltdeith further here.

For the beginner it is recommended to:

Start by using the appended excel sheet LCA sietpfior making simplified calculations of
CO2-equivalents. It represents the simplest possilaly to apply LCA thinking and make a
calculation. It is meant to be open for use and gleton and used on own risk by anyone.
This tool enables estimations of contributionslimate change of both the energy use and
material use during the building life time.

4.3 State the system boundaries for the assessment

In this step, assumptions made for the study akasahe boundaries for the assessed object
need to be clarified. It is highly important thhaistinformation is clear and consistent if one
wants to make comparisons with other studies. Itapodecisions include:

» Choose reference time (assumed life-span of tHdibg) - 50 years is often used as
default value since it is impossible to foreseerdta life span. The relation between
impacts of the use stage and the product staggpesndling on this choice. The shorter
reference time chosen the more important seemisnibect from the product stage
(material production) to be. To test different refece times when making the
assessment often provides interesting information.

* What life cycle stages and activities should béuiked in the assessment — product
stage (production of building materials), constircof building, use of building,
maintenance and refurbishment, demolition, wastttnent (end-of-life stage). etc.

» Delimitation of the features of the building to #ssessed - such as whether user
electricity is included in the energy use or notwhich building elements that are
assessed.

4.4 State scenarios for the reference time
For the given reference time (e.g. 50 years) assangpor scenarios about what will happen
with the building also need to be stated for instan
» Assumptions with regard to maintenance, refurbistimetc. For each building
element that is included in the study the expertéstence service life time should be
stated and what kind of actions that will take pldaring and after this period.
» If the end-of-life of the building is included, assptions are needed on how different
building elements will be demounted or demolished further treated.

* Expected occupant behaviour (normally standardigddrespect to use of household
electricity, etc)
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» If building user transports are included, assummgtiare needed on number of
travellers going with different kind of vehiclesefjuencies and distances. These
numbers in turn are depending on destinationssadoepublic transports, frequency
of services, age and fitness of users etc.

If LCC calculations are performed, assumptions n¢igg the expected development of future
costs should be stated.

For the beginner it is recommended to:
* Assume a normal behaviour
» Leave out the materials and energy for maintenance
» Leave out refurbishment of different building eletse
* Leave out building user transports

4.5 Define targets, references, benchmarks, etc

To be able to interpret the results later on, ta;geferences and/or benchmarks to compare
with, are necessary. Here indicators are seletitétere already are specific environmental
targets decided for the project (for instance ged lmunicipality or the client), these may
already define what indicators need to be includdtie assessment.

In the present version of CEN 350, preferable iattics may be chosen from Table 3 below.
If performing an LCA according to the coming CEMreiard, all these indicators need to be
included. Additional indicators can be found in \Wgrackage 2, State of the art report,
chapter 2, Environmental indicators.

Table 3. Environmental indicators currently suggesin the CEN 350 standard.

Indicator Unit
Contribution to global warming Kg CO2-eq.
Destr. of the stratosph. ozone layer Kg CFC-11-eq.
Acidification of land and water Kg SO2-eq.
Eutrophication Kg PO4-eq.
Formation of ground level ozone Kg C2H4-eq.
Radioactive waste Kg, MJ
Use of renewable/non renewable primary enerdyJ

Use of freshwater resource M3

Use of renewable/non renewable resource (othkg

than primary energy)

Use of recycled/reused resource Kg

Material for recycling/energy recovery Kg,/MJ
Non hazardous/hazardous waste Kg

To claim that a life cycle study is performed atdetwo stages and one of the indicators in
table 3 must be handled. A minimum study thus naayain:
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» Energy use during operation (use stage) and bujdimaterial production (product
stage)
» Contribution to global warming

For more in-depth reading about the choice of iaitics — see ENSLIC report “Choice of
indicators”.

If you want to compare a number of alternative sohs, targets are not always necessary.
However, in all cases it may be interesting to carafo other studies or benchmarks. Targets
for the chosen indicators can be formulated asbes of a chosen benchmark or as absolute
values. Examples on targets are found in chaptéittdis guideline. Benchmarks to use may
be other similar studies, current national nornuga) best practice values or targets at society
level. If a building tool is used for the assessimsuch benchmarks are commonly provided.
The LCA study may also be used in itself to findsenable levels of targets for a project.

4.6 Describe the building

In the next step, the building under study neeletaescribed as detailed as possible
depending on how far the building process has cdéinrecludes information about building
size, type, etc. An important issue here is teeditts regarding thieinctional equivalent

that is information about the function of the binlgisuch as type of use of the building,
number of users and requirements regarding indoguality, thermal climate, safety, etc.. If
comparing with other buildings these criteria neetle the same. The information inserted
here should be the information that finally seraegramework for the calculation (something
that may be changed during the study).

4.7 Collect data

There are two types of data that are necessamd@iing the calculations, 1) building specific
data such as amounts of building materials andygnese, and 2) emissions related to the
production of the building materials and energyhi¢l normally is included in the LCA

tools). In the conceptual design phase, data orggrmad material use can either be estimated
or simulated by using softwares such as SketchadReevit with alternative default

solutions. This is also possible in some of thetig building tools, such as Equer. In other
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cases, estimations of u-values and material am@uateecessary from early sketches. In the
Enslic template CA simplifiedthe amount of building materials, u-values and gneise
during operation is estimated automatically wheitding specifications are inserted. These
include for example building dimensions and infotim@ on cross sections. Even though the
purpose of the study is to explore environmentadlgign design alternatives, it is necessary
to have some data on energy and material usetag éos the calculations.

In order to calculate environmental impacts from Iblilding, data regarding emissions
related to the production, use and end-of lifeifiecent building materials and energy
production is also necessary. Most LCA tools ineldatabases with such production data,
however if one wants data for a specific item oewlnational data is expected to be different
from average EU data, this data may need to beatetl separately. This is only done once
and then stored for future use. With the increasimgbers of Environmental Product
Declarations (EPD) for different products, suchadzdn be gained from these EPD’s.

In the basic Enslic excel tobCA simplified a default set of such data (Swedish data) is
included which can be used as a start for the begirt can also be exchanged for more
country specific data.

Data uncertainty is a major concern when making ldakulations. Regarding building data
the main issue is to gather enough informatiorafoustworthy assessment. For the emission
data, the main issue is data quality. ISO 1404@sidata quality requirements in general
terms including time-related, geographical and netbgical coverage, precision,
completeness and representativeness. For simpleyiifie approaches these requirements are
hard to fulfil but data taken from large and watlekvn databases are secured with reference
to quality. When finding data for instance for &eific building material for which an EPD is
lacking (true for most materials) the most importdimng is to report assumed deficiencies
and the data source which makes controls pos$8hleh a transparency facilitates discussions
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about the uncertainty of data and associated seantt thereby stimulates the use of better
data. Databases with emission data is developingremusly. In appendix 4, a list of
databases commonly used is given.

For the beginner:

Collect the data necessary for the assessed feasiated for your study in section 4.4 by
calculating amounts of energy and material withdaample the template LCA simplified.

Do not collect emission data, use the databaseishatluded in the assessment tool you use.

4.8 Perform the assessment

Once assumptions are made, boundaries for the delohgited and data collected, the
calculations are made.

If using the Enslic templateCA simplified CO,-equivalents (contributions to climate
change) are calculated automatically once the @ataaterial and energy use has been
inserted in this excel file. This tool also enalilesting different amounts of energy and
material use and making comparisons with regatidaesult in C@equivalents.

The more advanced building tools also calculateaittgpautomatically, but enables many
more options of result presentations, calculat@mfimmany more indicators, comparisons with
other buildings and weighted results.

4.9 Present results

The results of the LCA can be presented in marfemift ways. How they shall be presented
is depending on the purpose you stated for theystad the receiver of the result. In a full
LCA naturally all your impacts of interest (chosadicators) need to be presented for all the
alternative solutions investigated. If you are gsarbuilding tool, this tool serves you with
options regarding how to present results. The cgriiase study report of the Enslic project
(to be appended later) provides numerous exampleseful result presentations related to
LCA studies with different purposes.

For a report meant as decision support, a ceihired is to provide total transparency of the
results and the calculations behind. It shouldeEndor scrutiny. To collect the information
about the study in one place, such as the EnslideBoe template, is therefore useful as a
transparent documentation.

If you have used a simplified tool for making a garative LCA, your results will be rough.
This is not suitable for comparing single buildpr@ducts since it only gives a general
overview of the sizes of impacts from different sms. Even on this level conclusions
shouldn’t be drawn if differences between altefregtiare less than 20%.

For the beginner:

The best way of presenting your results dependiepurpose of the study. See examples in
the Enslic case study report (coming). See toytbat results are backed up by transparent
calculations and data so that the results can lsewulsed by anyone.
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4.10 Validate - Control the results

Finally, the results should to be checked relativithe purpose of the LCA. In a complete
LCA according to the 1SO standard, the results khba examined by an external reviewer
and this is particularly important if the results & be presented to the public or used for
marketing, etc. Calculations with a simplified t@mé purely meant for internal
considerations. Sensitivity analysis performed lgcessively varying different parameters
gives valuable information about the robustness r@sult.

The examle uiIdig.

5. Example on how to use the guidelines

In this section one simplified example is describétow the step-by-step procedure in
section 4 can be followed.

1. Statethe purpose

The LCA study aims at providing decision supportdesigning a simple single family
house of 120 f demanding only 50% of the operative energy ugaired by Swedish
regulations and low C{emissions from a life cycle perspective.

2. Choose assessment tool

The simplified excel todLCA Simplifiedwill be used since it allows making rough
calculations of the indicators of interest (testitiierent amounts of energy and material
use and making comparisons with regard to the ras@O,-equivalents).

3. State the system boundaries of the assessment

The building reference time is set to 50 years. 0w stage is considered regarding
energy use but without including household eleityrid he product stage is considered
regarding production of building materials. Othés tycle stages are omitted. Building
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materials considered are major materials in thelmslding elements: slabs, external
walls, internal walls, attic, roof and windows.

4. State scenariosfor thereferencetime

A steady state during the reference time is ardteigh Normal maintenance is
presupposed but not accounted for in the assessmdra normal user behaviour is
anticipated. No end-of-life scenarios are assunrezkghis life cycle stage is excluded in
the study. Costs are not considered and therefoesssumptions made for LCC.

5. Definetargets, references and benchmarks

Targets for the example include that the maximuowadd energy use when household
electricity is excluded should be 55 kWH/gr. The CQ target is set to less than 10 kg
CO,-equivalents/myr.

6. Describe the building

The building’s interior size is 6 by 10 m. The Itoa is Stockholm. The house should
host 4 residents. The indoor temperature in wisteuld be 22ZC. The building should
fulfil requirements in the Swedish building code.

7. Collect data

Building dimensions, types of building materialslaheir thicknesses were taken from
drawings, Table 4. Emission data were captured tlwrSwedish Environmental
Research Institute (Energy) and self declared imglldroduct declaration, less rigorous
than EPDs (building materials).

Table 4 Building specific data for the example duig, used in the assessment.
Mauritz inserts.

8. Perform the assessment

In the example, the purpose of the study was td_@#ein order to design a single family
house that would live up to targets regarding enesg and C@emissions. The
assessment in the example therefore implies tediffegent design and technical
solutions with help of the simplified excel toab, 2ee how the targets could be reached.
Table 5 summarises this procedure/assessment.

Table 5. Actions taken step by step to reach tigetdor energy and C£emissions for a
new single family house situated in Sweden andllgitlesigned to fulfil the requirements of
the Swedish building code.

Glass EXt. door
area/ area Vent. Hot
Actions to decrease energy Win- Ext. Floor /Floor heat water Kg equiv
use and CO 5 emissions Basement Roof Slabs Exterior walls dows doors [Int. walls |area area recovery |by solar |kWh/m Z,yr co le Q‘yr
|EPS 100 Concrete 100 Concrete  |Brick 3layer |Wood |Wood
Concrete Steel sheet 100 EPS 50 U=15 |U=25 |100
0 [start 100 Min wooll 150 Wood Min wool 150 21% 5% 0% 0% 107 =
\Wood Gysum Gypsum
1]Increase insulation +EPS 100 [+Min wool 300 +Min wool 150 0.9 15 21% 86 18,2
2|Decrease window size 13% 83 17,7
3|Recover ventilation heat 85% 68 14,6
4]Install solar collectors 50% 55 10,6
5| Change brick to timber 55 9,7
6|Ch concr. slabs to timber 55 9,2
7|Ch to CO2 free prop. Electr 8,7
8|Wood stove for 20% sp heat 7,7

9. Present result
The simplified Excel tool currently presents theinmasults as in Table 6. Table 6 shows

the results after all the actions taken as destiibdable 5. For providing a transparent
result, a results table as the one in Table 6 shoellshown for each action taken.
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Table 6. Summary of specific yearly energy use@dgemissions for the single family
house (1201) once the targets are reached.

Anticipated building life time
ENERGY FOR OPERATION
kg equiv
0 0
kWh/m? yr % CO,/m? yr %
Household Electricity 30 35% 1,0 12%
Building Electricity 15 18% 0,0 0%
Space cooling 0 0% 0,0 0%
Total electricity 45 53% 1,0 12%
Total 'el.ectrlcny without household 15 18% 0.0 0%
electricity
Space heating 25 29% 4,2 49%
Ventilation 3 3% 0,5 6%
Hot water 13 15% 1,3 15%
Total heating 40 47% 6,1 70%
Total energy use 85 100% 7,1 82%
Total energy use without household 55 65% 70%
electricity 6,1
MATERIALS
kg equiv o
kg/m2 % COzlmz,yr %
Exterior walls including windows and doors 56 22% 0,6 7%
Attic 18 7% 0,2 2%
Basement 157 61% 0,5 6%
Slabs 15 6% 0,1 2%
Internal walls 12 5% 0,1 2%
Total material use 258 100% 1,6 18%
Total yearly impact 8,7 100%
Total yearly impact without user electricity 7,7 88%

There are naturally many ways to present life cgaleulations. In focus should be what
the client is specifically interested in preserited short and clear way. The result should
be accompanied with a report where more detailkidoei shown.

10. Validation

Preferably the result should be accompanied bysitbdty analysis where main
parameters are varied to show the robustness abtidusions. This is not done in this
example where calculations still are very rough a@€eld to be scrutinized in further work.
The purpose with this example is mainly to showptecedure.

6. References
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Appendices
1. The Enslic guidelines template (separate exceltshee
2. The Enslic simplified LCA estimations tool (sep&rakcel sheet)
3. LCA tools for buildings — Examples
4. LCI Databases
5. Environmental practices and regulations in difféi@untries
6. Vocabulary
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Appendix 1. The Enslic guidelines template (separat

e excel sheet)

Sheet 1
Step Template
1 | State the purpose of the study
(project development, impact comparison, classification, etc) Assessment
2 | Choose assessment tool Assessment
(Basic, building, avanced)
3 | State the system boundaries for the assessment
(Reference time, building stage, assessed features, data requirements Assessment
etc)
4 | State scenarios for the reference time
(steady state, regular retrofit, cost development etc) Assessment
5 | Define targets, references, benchmarks etc
(impact, depletion, energy use, ... Country or EU average, target,..) Targets
6 | Describe the building -
(Name, type, size, location etc) Building
7 | Collect data
a) Environmental data that is not in the tool (emissions per Joule, Not here
emissions per kg etc)
b) Building data depending on assessed stages Data input
8 | Perform assessment
(trial and error if targets should be reached) Assessm. res
9 | Present results
(graphs, tables, analysis, eventually desired improvements etc) Assessm. pres
10 | Validate

(check results relative to purpose, check calculations fulfillment of
requirements etc.)

Validation
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Sheet 2ASSESSMENT INFORMATION

CEN 350 1. Purpose of assessment
CEN 350 Client for assessment
CEN 350 Assessor

Enslic Type of tool (basic, building, advanced etc)
CEN 350 Assessed life cycle stages
CEN 350 Period of assessment
CEN 350 3. System boundaries
Enslic 9 Design life or reference time, yr
CEN 350 10 Assessed energy for operation
Enslic 11 Assessed building elements
Enslic 12 Load bearing structure
Enslic 13 Roof
Enslic 14 External walls including windows
Enslic 15 Interior walls
Enslic 16 Installations
Enslic 17 Finsihing surfaces
Enslic 18 .
4. Scenarios
CEN 350 19 The end of life including: (demolition, deconstr.,recovery, recycling, disposal)
Building operations that affects energy, water use, waste production &
commissioning
CEN 350 21 Available infrastructure
CEN 350 22 Occupants behaviour in operation stage
CEN 350 23 Building's location and its influence on user transportation
24 Other scenarios assumed
Data sources
Enslic 25 Building data
Enslic 26 Environmental data
CEN 350 Verification
Enslic 27 Sensitivity analys
Enslic 27 Expert control
CEN 350 Life Cycle Cost
Enslic 29 Construction
Enslic 30 Maintenace

1
2
3
CEN 350 4 2. Assessment tool used
5
6
8

CEN 350 20

Test

Enslic group

MG

Enslic basic

081215

[50

|district heating, electricity for building operation

Type Design life, yr Maintainance

Not assessed

Normal

Electricty, district heating, water, sewage, waste recycling

Normal

Not assed, but very good location nearby underground station

Skanska, Carl Jonsson, tel

IVL & Swedish Energy Agency
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Sheet 3. ENVIRONMENTAL TARGETS

Enslic 5. Environmental targets Stage | Stage Il Stage Il Stage IV Total
Materials Transports Construction Operation Maint. materials | End-of-life
Impact category Target | Ref | Target | Ref | Target | Ref |Target| Ref | Target Ref [ Target| Ref | Target Ref
Enslic 1 [Contribution to global waming, kg/m2
Enslic 2 |Destruction of the stratospheric ozone layer,
Enslic 3 |Acidification of land and water, kg/m2
Enslic 4 |Eutrophication, kg/m2
Enslic 5 |[Formation of ground level ozone, kg/m2
Enslic 6 |Radioactive waste (Swed. mix 2007), MJ/m2
Enslic 7 Energy
Enslic 8 |Use of energy (excluding user el.), MJ/m2
Enslic 9 |Use of energy (including user el.), MJ/m2
Enslic 10 [Bought energy, MJ/m2
CEN350 11 lﬁof renewable primary energy, MJ/m2
CEN350 12 |Use of non renewable primary energy, MJ/m2
CEN350 Water
CEN350 13 |Use of freshwater resource, m3/yr
|E?esources
CEN3S0 14 Use of renewable resource (other than primary|
energy), kg/m2
CEN350 15 |Use of recycled/reused resource kg/m2
CEN350 16 [Material for recycling, kg/m2
CENSSO 17 U;e of non renewable resource (other than
primary energy), TMR, kg/m2
CEN350 18 |[Material for energy recovery, kg/m2
Waste
CEN350 19 |Non hazardous waste, kg/m2 | | | I | | | | | I I | | I
CEN350 20 |Hazard0us waste, kg/m2 | | | | I I | | | | I I | |
Other
21|Other 1
22 |Other 2
32 |Other 3

Sheet 4 BUILDING INFORMATION

BUILDING INFORMATION

CEN 350 6. Building description

Enslic 1 Building owner & manager

Enslic 2 Architect/contractor

Enslic 3 Location (address)

Enslic 4 Construction / refutbisment period

CEN 350 5 Type/Main use

Enslic 6 Additional Space (garage, shops etc)

Enslic 7 Site area, m2

Enslic 8 Noof floors, floor height etc
FUNCTIONAL EQUIVALENT

CEN 350 9 Floorarea, m2

Enslic 10 Reference area, m2

CEN 350 11 Volume, m3

CEN 350 12 Design number of building occupants

CEN 350 13 Time period of consideration, yr

CEN 350 14 Occupancy (period and pattern of use)

CEN 350 15 Regulatory requirements

Enslic TECHNICAL INFORMATION
Materials

Enslic Bearing structure

Enslic Walls

Enslic Slabs

CEN 350 Roof

Enslic U-values

Enslic HVAC & hot water service system

CEN 350 Air change rate

Enslic Operating schedule ventilation, heating and cooling

Enslic Energy supply

CEN 350 Lighting system

Enslic Operating schedule ventilation, heating and cooling

CEN 350 Year of commissioning

CEN 350 Year(s) of refurbishment

CEN 350 Power and communication systems

Gronskér, Stockholm, Sweden

Svenska bostader

Skanska

South Stockholm, Sweden

Construction start: Spring 2007. Finsihed: Spring 2008

Residential/32 apartments

Garage places] 14] [ Parking places] 22
8] Storey hight] — 2,83] Room hight] 2,5
Gross area] 2893 [Netarea | - [Heated area] 2607 [Letable a] 2249
2607
94
50

Conforming to Swdish regulations regarding space need, indoor environmental

External _[Concrete & EPS [Internal [Concrete resp. gypsum
Concrete

Steel

Walls | [windows | [Roof | [Doors |

District heating. A heat pump on exhaust air
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Sheet 5 DATA INPUT

7. Data collection

ENERGY USE Clear energy use
. KW h/yr k\zNh/ kwh/ MJ/yr Kind
Electricity use m°, yr useryr
Property electricity 18 387 7 196 66 193| Swedish Mix
Household electricity 84 096 32 895| 302 746]|Swedish Mix
Total electricity use 102 483 39 1090 368939 |Swedish Mix
Solar cell production 0 0 0 0
Other renewable electr. prodduction 0 0 0 0
Bought electricity 102 483 39 1090 368 939 Swedish Mix
Heat use
Electricity for heat pump 45 167 17 481 162 601[Sw. Mix
Space heating from heat pump 112918 43| 1 201] 406 503|Free
Space heating fr distr heating 58 166 22 619 209 398|Stockholm district heat
Space heating from fuel 0 0 0 0
Hot water from electricity 0 0 0 0
Hot water from district heating 79 891 31 850 287 608|Stockholm district heat
Total heat use 296 142 114 3150 1066 109
Solar panels 0 0 0 0
Bougth heat excl. electricity 138 057 53 |1469 |497005 |[Stockholm district heat
Bought energy 285 707 110/ 3 039] 1028545
Bought energy excl. housh electr. 201611 77 2145 725 800
BUILDING MATERIALS
Building reference time years
3
Use, K '\Q’@ > o $00 Q'}'Q)(\ N % N
’ s S 5 & & 0@" s
Foundation 123 687 1956 10 1369 124 127 146
Slabs 1 053 656 13 692 68 1067 416
External walls 667 952 3 960 3 960 867 676 739
Windows 9316 9316
External doors 4 64 56 124
Roof 2 461 13867 16 328
Attic 198 648 2 347 200 995
Internal walls 459 080 821 71710 60 688 592 299
Fixed carpentry 0
Sum 2 503 023 22 069 4038 | 4541 991 85641 | 9372 60 688 2 690 363
Losses, % transp.
& site 9% 13% 8% 4% 4% 12% 0% 12%
Total 2 728 295 24938 4361 4723 1031 95918 9372 67971
Maintenance and reparation
Est. service life, yi 50 50 50 50 50 50 30 25
During reftime | 2 728 295 | 24938 [4361 [4723 | 1031 [95918 | 15620 | 135941 |
Transport, km 50 100 500 500 500 100 500 500
Carrier Lorry Lorry Lorry Lorry Lorry Loy Lorry Loy
WATER USE l/pers,day I/m2,yr Ifyr
Potable water | | | |
Yearly
COST Erection Maintain. |Energy |Waste |Water Cleaning
Specification
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Sheet 6

Types, quantities, supply chain and logistics, estimated service life (CEN 350)

ENERGY USE

g kwhiyr <Y KW King Clear energy use
Electricity use m®, yr useryr
Property electricity 18 387 7 196 66 193] Swedish Mix
Household electricity 84 096 32 895| 302 746|Swedish Mix
Total electricity use 102 483 39 1090 | 368939 |Swedish Mix
Solar cell production 0 0 0 0
Other renewable el. prodductio 0 0 0 0
Bought electricity 102 483 39 1090 368939 Swedish Mix
Heat use
Electricity for heat pump 45 167 17 481] 162 601|Sw. Mix

Space heating from heat pump| 112 918 43| 1201] 406 503|Free
Space heating fr distr heating 58 166 22 619| 209 398|Stockholm district heat

Space heating from fuel 0 0 0 0
Hot water from electricity 0 0 0 0
Hot water from district heating 79 891 31 850] 287 608|Stockholm district heat
Total heat use 296 142 114 3150 1066 109
Solar panels 0 0 0 0
Bougth heat excl. electricity 138 057 53 |1469 [497 005 |Stockholm district heat
Bought energy 285 707 110] 3039|1028 545

Bought energy excl. housh elec 201 611 77 2145 725800

BUILDING MATERIALS

Building reference time years
A\

‘\é’@ S Q Soo Q’,@Q N o \)é\
e & & & S
Foundation 123 687 1 956 10 1369 124 127 146
Slabs 1053656 | 13 692 68 1 067 416
External walls 667 952 3960 3960 867 676 739
Windows 9 316 9 316
External doors 4 64 56 124
Roof 2 461 13 867 16 328
Attic 198 648 2 347 200 995
Internal walls 459 080 821 71710 60 688 592 299
Fixed carpentry 0
Sum 2503023 | 22069 | 4038 | 4541 991 85641| 9372 | 60688 | 2 690 363
Losses,% transp.
& site 9% 13% 8% 4% 4% 12% 0% 12%
Total 2728295 24938 4361 4723 1031 95918 9372 67971
Maintenance and reparation
Est. service life, yr 50 50 50 50 50 50 30 25

During reftime | 2728295 | 24938 | 4361 | 4723 | 1031 |95918]15620]135 941]|

Transport, km 50 100 500 500 500 100 500 500
Carrier Lorry Lorry Lorry | Lorry Lorry Lorry | Lorry Lorry

WATER USE l/pers,day  I/m2,yr
Potable water | | |
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8. Assessment Indicator Unit :‘Tife Stage | Stage Il Stage llI Stage IV | Total
me Bench- | Relative
ISSUES Tran- Con- Normal Mainte- mark Target
Produc- sport struc- use nance & | End of
tion (Enslic) tion (Enslic) repair life
Impact category
CEN350 | Contribution to global warming CO,q kg/m2 50 212 164 O 376 500
CEN350 |Destr. of the stratosph. ozone layer CFC-11 eq| kg/m2
CEN350 |Acidification of land and water SO, ¢ kg/m2
CEN350 |Eutrophication PO; ¢q kg/m2
CEN350 [Formation of ground level ozone CoHzeq kg/m2
CEN350 [Radioactive waste (Swed. mix 2007) MJ/m2 4590 4 590
Energy
Ensic  [Use of energy (excluding user el.) MJ/m2,yr 550 550
Enslic  [Use of energy (including user el.) MJ/m2,yr 435 435
Enslic Bought energy MJ/m2,yr 395 395
CEN350 [Use of renewable primary energy MJI/m2,yr
CEN350 (Use of non renewable primary energy MJ/m2,yr
CEN350 |Water
CEN350 [Use of freshwater resource | m | | | I I
Resources
CEN50 U;e of renewable resource (other than kg/m2
primary energy)
CEN350 (Use of recycled/reused resource kg/m2
CEN350 |Material for recycling kg/m2
CEN50 Use ofpon renewable resource (other T™MR kg/m2
than primary energy)
CEN350 [Material for energy recovery MJ/m2,yr
Waste
CEN350 [Non hazardous waste | [ kgm2 ] I | | [ [ I I [
CEN350 [Hazardous waste | | _kag/m2 | | | | | | | | |
Sheet 8 ASSESSMENT PRESENTATION (Example)
9. Result presentation
450
BASIC IMPACT CALCULATION g 400 i —
300 i i
& 250 ——F i
Building: Gronskar E o - - i
Building lfe time, yr 50 %%’g JH— - F
| t cat Climate change f o
mpact category i g ¢ N S & EE C}zj(? &? §
Reference area 2 607 m2 heated area ? § g AR N &3
. S o & &£ N
Designed no of users 94 & & & z,'&
Impact total 981 344 kg CO2 equiv ,5:‘ \ﬁ S.f
Impact relative 376 kg CO2 equiv per m2 ¢ &
Impact relative 10 440 kg CO2 equiv per user
SUMMARY OF CALCULATIONS
Life time  Potential
Type Amount MJ years Impact Unit Ratio
OPERATING ENERGY District heating - Stockholm 497 005 219228906 g eqv CO2 22%
Electricity Swedish mix 531 540 208 416 834 g eqv CO2 21%
Sum 427 645 740 g eqv CO2
BUILDING MATERIALS Gypsum 67971 50 20391300 g eqvCO2 2%
Glass 9372 50 5670060 g eqvCO2 1%
Steel 95918 50 103 783 276 g eqv CO2 11%
Polyeten 1031 50 1993954 g eqvCO2 0%
Mineral wool 4723 50 2796 016 g eqv CO2 0%
EPS 24938 50 44963 214 geqvCO2 5%
Wood 24938 50 13965 280 g eqv CO2 1%
Concrete, reinforced 2728295 50 360134940 g eqv CO2 37%
Sum 553698 040 g eqv CO2 56%
Both Energy & Materials 981343780 geqvCO2 100%
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Appendix 2. Simplified Excel tool for life cycle es

timates

The tool consists of the following sheets:

Instructions

Construction
Dimensions

Materials
Result
Data

CoNoGO~WNE

Energy use & C@emissions

. Energy emissions

10. Material emissions
11. Global Warming Potential

12. Application

Brief explanation of how to use thelto

General information about the building Owner, artti, addresses, areas, etc

Materials & thicknesses in buildinyelop
Measures of the envelop
Is calculated when sources are input
Amounts and associated %@@. are calculated
Summary of specific use & emissions by seurc
U-values & materials amounts calc. (automatic)
Specific emissions from diff. ggesources
Spec. emissions from diff. matgroduction
Characterisation factoosif IPCC
Sheet for simplif. energy & G@ptimisation

Appendix 3. LCA tools for buildings - examples

Name Country URL
ATHENA Canada http://www.athenaSMIl.ca
BECOST Finland http://www.vtt.fi/rte/esitteet/ymparisto/lcahoustrih
BEES USA http://www.bfrl.nist.gov/oae/software/bees.html
ECOEFFECT Sweden http://lwww.ecoeffect.se
ECO-SOFT Germany, http://www.ibo.at/de/ecosoft.htm
Austria
ECO-QUANTUM | Netherlands http://www.ecoquantum.nl
ENVEST 2 UK http://envestv2.bre.co.uk/
EQUER France http://www.izuba.fr
GREENCALC Netherlands httpafivw.greencalc.com
LEGEP Germany http://www.legep.de/
OGIP Switzerland http://www.ogip.ch/
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General LCA tools

Bousteadwww.boustead-consulting.co.uk
Eco-it: www.pre.nl

Ecopro WWW.Sinum.com
Ecoscanwww.ind.tno.nl

Euklid: www.ivv.fhg.de

KCL Eco: www.kcl.fi/feco

Gabi: www.gabi-software.com

LCAiIt: www.ekologik.cit.chalmers.se
Miet: www.leidenuniv.nl/cml/ssp/software
Pemswww.piranet.com/pack/lca_software.htm
SimaProwww.pre.nl
Team:www.ecobilan.com
Wisard:www.pwcglobal.com
Umberto:www.umberto.de

To be completed!

Appendix 4. LCI databases

Name URL

European Reference Life Cycle | http://Ica.jrc.ec.europa.eu/lcainfohub/datasetAmea.
Database (ELCD)

Ecoinvent www.ecoinvent.ch

Gemis Gemis: www.gemis.de

Appendix 5. Environmental practices and regulations in different
countries

(To be completed by respective partner)

There are different incentives and regulations divatat making new buildings more
environmentally benign in different countries. Besa of this an efficient way to promoting
LCA may be slightly different in different Europeaauntries.

The French and UK regulations concern primary gneocgnsumption and CO2 emissions for

new buildings. More environmental topics are somes$ considered at a local level, e.g.
radioactive waste in an urban renewal project iarLy
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Appendix 6. Vocabulary

Word

Description

Building data

Characterisation

Characterisation factor

CO2-equivalents

Emission data

Energy Performance of Building
Directive (EPBD)

Environmental Product Declaratio
(EPD)

Functional equivalent

Functional unit

Impact category

Life cycle assessment (LCA)

Life cycle costs (LCC)

Life cycle impact assessment
(LCIA)

Life cycle inventory (LCI)

Normalisation

Product system

Reference substance

System boundary

Weighting

To be completed!
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