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The goal of this bachelor’s thesis was to analyse the current building LCA processes and
the process development potential of a multi-disciplinary design company. The possibility
in adopting a proposed national assessment method for building life cycle carbon footprint
and combining the national energy standardized energy calculation process with the cur-
rent LCA processes was reviewed.

The LCA process was described based on the current company practices. The description

of the building LCA process was compared with the proposed national assessment method
and the European standard EN 15978. Reviewing the development needs in the LCA pro-

cesses was implemented by communicating with architectural and structural design teams
in-house.

The outcome of the thesis showed that the current building LCA processes in the company
are carried out according to the common building LCA frameworks and standards. The
proposed national assessment method for building LCAs could be adopted in the company
with minor adjustments in the company process. Combining the national standard energy
calculation process with the LCA process cost effectively was found to be partly feasible.
Process development potential was found from adopting screening LCAs. Current LCAs
are made at late design stages and the screening LCAs could support early design stage
decision making.

Keywords life cycle assessment, LCA, carbon footprint, environmental
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Taman insin60ritydn tavoitteena oli tuottaa prosessikuvaus rakennusalan suunnittelutoi-
miston tdmanhetkisesta rakennusten LCA prosessista ja arvioida prosessin kehitystar-
peita. Tydssa arvioitiin yrityksen valmiutta ottaa kayttdon ymparistoministerion ehdottamaa
kansallista hiilijalanjaljen arviointimenetelméa ja mahdollisuutta yhdistaa pakollista ener-
giatodistusta varten vaadittu E-luvun laskentaprosessi rakennusten LCA prosessien
kanssa kustannustehokkaasti.

Prosessikuvaus tehtiin yrityksen nykyisiin toimintatapoihin perustuen. Tiedot prosessiku-
vausta varten keréttiin tekemalla toimistokohteeseen LCA seka hyédyntamalld yrityksessa
aiemmin toteutettuja arviointeja. Tuotettua prosessikuvausta verrattiin ehdotettuun kansal-
liseen rakennuksen elinkaaren hiilijalanjéljen laskentamenetelmaan ja eurooppalaiseen EN
15978 standardiin. Mahdollisuutta kustannustehokkaasti yhdistaa E-luvun laskentapro-
sessi nykyisen LCA prosessin kanssa arvioitiin lIahtotietovaatimuksiin ja molempien pro-
sessien mallinnusvaatimuksiin perustuen. Kehitystarpeita LCA prosesseihin liittyen kartoi-
tettiin keskustelemalla yrityksen arkkitehti- ja rakennesuunnittelijoiden kanssa.

Tyon tulos osoitti, etta yrityksen tamanhetkinen LCA prosessi perustuu yleisesti tunnustet-
tuihin arviointimenetelmiin ja standardeihin. Ymparistoministerion ehdotus kansallisesta ra-
kennuksen elinkaaren hiilijalanjaljen arviointimenetelmista perustuisi myos yleisiin lasken-
tamenetelmiin ja tdten menetelman kayttdoonotto yrityksessa olisi toteutettavissa pienin
muutoksin. Energiatodistusta varten vaadittavan E-luvun laskentaprosessin ja LCA proses-
sin yhdistaminen kustannustehokkaasti osoittautui kannattavaksi vain lahtotietojen yhdista-
misen osalta. Yhteisen lahttietokokoelman kerddminen kohteesta voi saastaa resursseja.
Molempien prosessien mallinnusvaiheet ovat hyvin erilaiset ja erityisesti energiamallinnuk-
sen vaatimukset estavat yhteisten mallien ja tydkalujen kayton mallinnusvaiheissa. Kehi-
tystarpeita nykyiseen LCA prosessiin [0ydettiin aikaisen vaiheen arvioinneista. Talla het-
kella elinkaarianalyyseja tehdaan lahinna myoéhaisissa suunnitteluvaiheissa. Aikaisen vai-
heen analyysit voisivat tukea arkkitehtisuunnittelun paatoksentekoa.

Avainsanat elinkaarianalyysi, LCA, hiilijalanjalki, ymparistévaikutus
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1 Introduction

As a member of European Union, Finland is under an obligation to reach the common
goals for the reduction of greenhouse gas (GHG) emissions set for the member states.
The Finnish environmental building regulation systems have mainly been based on con-
trolling the energy consumption of the buildings. To reach the GHG emission reduction
goals, the Finnish Ministry of Environment is developing a regulative framework to control
the life cycle carbon footprint of new buildings. The proposed building regulation would
be gradually adopted by the end of the year 2025. [1.] It can be expected that the demand
for life cycle assessments (LCA) will increase due to the changing legislative environ-
ment. Building design and building production are, like other fields, influenced by the
proposed regulation and must, therefore, prepare for the change.

Optiplan Ltd (referred as the case company), a multi-disciplinary design company, pro-
vides life cycle assessments as a part of their lifecycle services in Finland. The main
objective of this thesis is to describe the current LCA processes in the company and
review the potential in the process development. Important topics covered in the thesis
are how prepared the case company is to adopt the proposed national carbon footprint
calculation method, and whether it is possible to combine the process of standardized
energy calculation for the national energy certification with the current LCA process. This
thesis provides the case company with information about its current LCA processes and

how to develop the processes further.

The thesis is divided in three parts. The first part, chapters 2 and 3, describe the princi-
ples of LCA both in general and from the point of view of building assessments. The
second part comprising, chapters 4 and 5, considers the environmental impact of build-
ings and the legislative environment in EU and Finland. The third, and final, part de-
scribes the LCA processes in building design. The conclusions of the final year project

are given in chapter 10.
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2 Life Cycle Assessment

2.1 LCA Process

The purpose of an LCA is to study the environmental aspects and impacts during the life

cycle of a product. The whole life cycle of a product includes raw material extraction,

production, use and disposal. [2.]

The life cycle assessment process is defined in the international standards 1SO 14040
and ISO 14044. The principles and framework of LCA are described in the ISO 14040.

The requirements and guidelines are defined in more detail in the 1ISO 14044. The life

cycle assessment process consists of four necessary parts: definition of goal and scope,

inventory analysis, impact assessment and interpretation. The LCA framework according

to the standard ISO 14040 is illustrated in figure 1 and the parts are discussed below the

figure. [2.]

-

N

Life cycle assessment framework

S

Goal and scope
definition

Inventory

Interpretation

analysis

N

~

/

Figure 1.
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Direct applications:

- Product development
and improvement
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- Public policy making

- Marketing

- Other

~

Life cycle assessment framework according to the standard ISO 14040 [2].
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Goal and Scope Definition

The goal and scope of LCA must be carefully defined for each case according to the
intended use of the assessment. According to the standard 1ISO 14044, the goal of the
LCA should indicate:

. the intended use of the analysis
. the reasons for carrying out the analysis
. the intended audience

. public accessibility.

The goal definition is set by the commissioner of the study [3].

The scope of the LCA should describe the details of the analysis and prove that the goal

of the study can be achieved. The following aspects should be included:

° product system

. functions of the product system

. functional unit

° system boundary

° allocation procedures

° life cycle impact assessment (LCIA) methodology and types of impacts
o interpretation to be used

. data requirements

° assumptions

° value choices and optional elements
o limitations

. data quality requirements

. type of critical review

. type and format of the report required for the study.

The standard 1SO 14044 underlines that LCA is an iterative technique and the scope

may have to be redefined during the assessment process [4; 5].
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Inventory Analysis and Functional Unit

The inventory analysis (LCI) of the LCA of a product comprises the data collection and
simulation of the product. The LCI phase should be done according to the goals and
scope requirements set for the LCA. The results of the LCI are used as in input for the

next phase of LCA, life cycle impact assessment. [6.]

In the LCI phase, all input and output flows to and from the analysed system are col-
lected. The flows include the energy and raw materials used and emissions to the at-
mosphere, water and soil. The data collection phase is often a resource-intensive pro-
cess where software tools and databases are utilized. [7.]

Analysed environmental impacts are reviewed by using functional units that provide nor-
malised values for the environmental impacts the LCA studies. A functional unit should
be measurable and defined clearly. [4.] Commonly used functional units for product LCAs

are a mass unit or a unit of volume for the product.

Life Cycle Impact Assessment

The next phase of the LCA, the life cycle impact assessment (LCIA) is based on the data
collected in the LCI stage. The data are associated with environmental impact categories
and category indicators that are chosen in the LCI phase and, the selection of impact
categories may have to be readjusted in the LCIA stage. The overall goal of the LCIA
stage is to improve the overall understanding of the environmental effects of the as-

sessed process. [2; 4.]

Interpretation

In the interpretation stage of the LCA, conclusions are made based on the results of the
previous stages LCI and LCIA, and recommendations are given according to the initial
goals of the study. Furthermore, the results of the LCA are reported in an informative
way in the interpretation stage. The standardized elements in ISO 14044 are the identi-
fication of significant issues, evaluation considering completeness, sensitivity and con-

sistency checks, conclusions, limitations and recommendations. [3.]
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2.2 LCA System Boundary

Product systems are divided into sets of unit processes which are the smallest elements
for which inputs and outputs are assessed in the LCI. Dividing the product system into
unit processes facilitates the process of assessing the specific input and output flows of
the product system. [2.]

System environment System boundary
et

Raw matarial

Other acquisition
systems A
Transport
Product & Elementary

T — flows
flow Production

Elementary Energy

flows supply

Product Other
floww systems

Recycling’
Reuse

Waste
freatment

Figure 2. LCA system boundary according to ISO 14040 [2].

The system boundary defines which processes and activities are included in or left out
of the LCA. Furthermore, the system boundary establishes which unit processes are part
of the product system. Input and output flows to and from the product system are speci-
fied by the system boundary. [2.] A basic system boundary of an LCA according to ISO
14040 is shown in figure 2 above.

2.3 Environmental Impact Categories

The different environmental issues that may result from an assessed product or process
are classified in environmental impact categories. The impact categories are not listed
or recommended in the standard 1SO 14044. The selection of the impact categories
should be based on the goal and scope of the study. Furthermore, the impact category
selection should be prior to the determination phase of the goal and scope of the study.

[3.] Common environmental impact categories used in the building life cycle assessment
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are global warming which is discussed below, acidification, eutrophication, ozone deple-

tion potential, formation of ozone in the lower atmosphere, and primary energy [8].

Global warming potential (GWP) is an impact indicator for global warming. The total
GWP is often called a carbon footprint especially in assessments that study the global
warming potential as the only environmental impact factor. The name carbon footprint
can be misleading as the total GWP includes also other greenhouse gasses (GHG) and
not just carbon dioxide. [3.] The total GWP is an important topic for this thesis, elaborated

in more detail in this chapter.

In a global warming impact assessment, a weighted sum of the assessed GHG emis-
sions is given in mass unit of CO». Several GHGs are assessed in the process and each
one of them has its characteristic impacts on the climate change. The impacts are indi-
cated in global warming potentials, GWPs. The impacts of each assessed GHG are
scaled to the equivalent of 1 kg of CO, (kg CO, e). Each GHG has its individual specific
tropospheric lifetime which affects the environmental impact of each gas to a high extent.
The GWPs are scaled to a common lifetime horizon to have comparable impact results.
In the LCA processes, GWPs, with a lifetime horizon of 100 years (GWP1q), are often
used. [3.]

From the variety of assessed GHGs in an LCA process, CO- has been shown to be the
most important contributor to the total GWP. For the calculation of GWP, fossil and bio-
logical CO; sources should be separated. The biological CO; sources are extracted from
the atmosphere by photosynthesis and then released back by incineration or aerobic
degradation. CO; emissions from the biological sources are sometimes called CO, neu-

tral even though it is only true on a significantly long time scale. [3.]
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3 Environmental Impact Assessment of Buildings

Life cycle approach in the context of building processes means assessing the impacts of
a building product or a building during its whole life cycle from the construction material
production to the decommissioning. The impacts of a building life cycle are often as-
sessed within the framework of environmental, social and economic aspects of sustain-
able development. The emphasis of this thesis is on the environmental impacts. The
purpose of using the life cycle approach is to get an overview of the impacts of a building
to its environment, identify problems that can appear at various life cycle stages, and
avoid increased negative environmental impacts caused by a too limited scope of the
study. [9.]

Complete detailed building LCAs in Europe are based on the standard EN 15978. Stand-
ardized LCAs should cover the entire building life cycle as well as all material and energy
flows in constructing, operating and decommission the building. Many building LCA
frameworks follow the standard EN 15978 but the scope and completeness may vary.
[10.]

Depending on the goal and scope of the study and the stage of the building process, the
environmental impact assessment can be carried out either on a very general level or on
a detailed level, following the compliant standards. An early design stage LCA, or a
screening LCA, is carried out with very limited input information, and the calculation pro-
cess includes major uncertainties. In an early building design phase, the screening LCA
can be beneficial as the environmental impacts of different design solutions are re-
viewed. The screening LCAs provide useful information of the studied impacts, but often
the calculation method does not follow any standards and cannot be scientifically proven

or compared. [11.]

Indicating the environmental impact on global warming is a part of a building LCA pro-
cess in line with the standard EN 15978 where the environmental impacts of a building
are assessed throughout its life cycle [12]. A time horizon of 100 years is used for the
GWPs when using environmental product declarations in line with the standard EN
15804. [13].
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3.1 Building Life Cycle Stages

For the assessment of environmental impacts of buildings, the building life cycle stages
are standardized and defined in the standard EN 15978. The building life cycle is divided
in four main stages: Al1-3 Product stage, A4-5 Construction process stage, B1-7 Use
stage and C1-4 End of life stage. [13.] The life building life cycle stages are shown in

more detail in figure 3 below.

| Building assessment information

| | Supplementary

| Building life cycle information
information

A1-3 A4-5 B1-7 C1-4 {|  beyond the
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Figure 3. Building life cycle stages according to the standard EN 15978 [12].

Additional information beyond building life cycle can be reported in stage D Benefits and
loads beyond the system boundary. Results of module D are not subtracted from the

total environmental impacts [12].

3.2 Building System Boundary and Building Model

The system boundary for the LCA of a new construction building should include all life
cycle stages when the standard EN 15978 is followed [12]. It should be noted here that
not all the assessments discussed in this thesis follow the EN 15978 standard. Therefore,
the system boundary presented here is not suitable for every building LCA. A simplified
representation of a building LCA system boundary is illustrated in figure 4 below.

Metropolia

metropolia.fi/en
University of Applied Sciences



Raw material
extraction

|

Transportation

¥

Manufacturing of

construction materials

Operation

Deconstruction

renovation

!

Maintenance
> and

Transportation

~

|

Transportation

l

Construction

i

Disposal

Figure 4. A simplified building LCA system boundary [14].
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The building model for the full building life cycle assessment should be formed to enable

the evaluation and quantification of the mass and energy flows. The model should in-

clude, where applicable, the physical characteristics of the building, the building compo-

nents, and the building services. The use stage energy flows can be based on the na-

tional standardized calculation methods. [12.]

The calculation period or a reference study period, for a building life cycle is generally

based on the required service life of the assessed building. The calculation period can

differ from the required service life depending on the intended use of the assessment,

used regulations, or national guidance. [13.]

3.3 Environmental Data

Environmental product declarations (EPD) are verified and standardized descriptions of

the environmental impact of a given product or service. The EPDs give transparent in-

formation about the product during its life cycle. The standard EN 15804 gives require-

ments for construction product EPDs in the European environment. [13.]
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10

The environmental data for LCAs for following the standard EN 15978 should be based
on EPDs that fulfil the requirements of the EN 15804. If there are no standardized EPDs
available, the environmental data should include the required minimum information

stated in the EN 15804. [13.] The minimum requirements are listed in appendix 2.
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4 Impact of Buildings on Global Warming

Buildings play a major role in the climate change. In the EU, new construction and reno-
vations are responsible for a half of the overall material consumption [10]. In Finland, the
construction sector is responsible for one third of the total GHG emissions [15].

4.1 Building Life Cycle Emissions Distribution

The highest environmental impacts of the life cycle of a building are typically caused in
the product stage A1-A3 and the energy use stage B6. The operational energy use is
the dominant source of environmental emissions of a typical new building in Finland.
Therefore, any improvement of energy efficiency is the most important means in reducing
the environmental impacts. The source life cycle stages of total GWP of a typical new

concrete structure building in the life cycle categories are illustrated in figure 5. [16.]

B A1-A3 Product stage

mAd Transport

mAS Construction

B EB1-B5 Maintenance and repair
mEB& Operational energy use
m BT Operational water use

m C1-C4 End of life

Figure 5. Typical distribution of building life cycle GWP divided in life cycle stages [16].

In a typical multi-storey residential building with concrete structures the building compo-
nents causing most environmental impacts are the foundation, exterior walls, horizontal
structures and building services systems. A typical distribution of life cycle GHG emis-
sions between building components categories generated in the final year project LCA
case study is illustrated in figure 6 below.
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Most contributing building elements (GWP) - A1-A3 Most contributing material types (GWP) - A1-A3
Horizontal structures: beams, floors and roofs - 47% Concrete - 40%
Vertical structures and facade - 20% Steel and other metals - 24%
Building technology - 13% Installations and systems - 13%
Other structures and materials - 10% Insulation - 4%
Foundations and substructure - 3% Gypsum, plaster and cement - 4%

0% 20% 0% 60% 0% 20% 40% 60%

Figure 6. A typical distribution profiles of a building life cycle GWP in One Click LCA.

The foundation type is dependent on the ground type on the site. Having to use piling
increases the emissions significantly. The piles are typically driven deep into the ground
and, depending on the soil type the piles may have to be placed densely. Deep pile
foundations require a high volume of concrete and steel which result in increased emis-
sions. Concrete and steel components generally affect the total impact the most as the
cement and steel production are both energy intensive processes. The larger the mass
of concrete and steel in the structures, the higher are the impacts. As an example, a thin
solid concrete slab has lower impact than a thick hollow core slab. New buildings contain
many different building services systems. When assessing the GHG emissions, the
share of the building services systems can be up to one third of the total emissions in a
residential building. [16.]

4.2 Embodied and Operational Emissions

The whole building life cycle emissions include both the embodied emissions and oper-
ational emissions. The embodied emissions include the GHG emissions in the life cycle
stages that are not included in the use stage. The embodied emissions include raw ma-
terial extraction, manufacturing, transportation, assembling, maintaining, replacing, de-
constructing and disposing of building materials and equipment installed in a building.
The operational emissions indicate all GHG emissions within the use stage of the build-
ing, including heating, cooling, electricity and water. The embodied impacts include life
cycle stages A1-A3, A4, B1-B3, B4-B5, C1, C2 and C3-C4. The operational impacts are
placed under stages B6-B7. [17].

Energy is used for many purposes throughout a whole building life cycle. In the use
stage, energy is mainly consumed by building services systems and electrical equip-

ment. This use stage energy consumption is called operational energy. During the whole
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life cycle of a building, energy is also required outside the use stage in material and
component production, transportation, construction processes, maintenance and de-
commissioning processes. All energy that is not operational energy is called embodied

energy. [18.]

Emissions or energy do alone not describe the environmental performance of the life
cycle of a building. The emissions of the energy production affect both the embodied
emissions and the operational emissions. When embodied impacts and operational im-
pacts are compared a distinction between emissions and energy should be made as
well. [18.]

4.3 Whole Life Cycle Emissions vs. Use Stage Emissions

The greatest factor affecting the building life cycle GWP is the use of fossil fuels in the
energy production process. The energy consumed in the use stage of a building and the
energy used in the material production are generally the main sources of GHG emissions

during a building life cycle because of the emissions of the energy production. [10.]

Due to the international environmental agreements, the share of renewable energy sys-
tems in the energy production and energy efficiency of buildings is expected to increase.
According to the European Environment Agency EEA, the use of renewable energy and
a reduction in household energy consumption are increasing trends in the EU. [19.] The
EEA has also reported that the emissions from the energy industry are on a declining
trend in EU [20].

Due to the declining trend in energy production emissions and an improvement in build-
ing energy efficiency the operational emissions of a building become decreasingly im-
portant during the whole life cycle of a building. Respectively, the share of embodied
emissions become higher when the emissions resulting from energy production de-

crease. [10.]

It was found during the final year project that the ratio between the use stage emissions
and the whole life cycle emissions is highly dependent on the length of the assessment
reference period. The longer the study period the larger are the use stage emissions.

For this reason, the ratio does not give an absolute representation of the environmental
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performance of a building. The chosen assessment reference period defines whether the

weight of the assessment is on the operational emissions or embodied emissions.

metropolia.fi/en Metropolia

University of Applied Sciences



15

5 Reduction of Building Emissions in EU

5.1 Building Energy Efficiency in EU and Finland

The European Union has set goals to make its member states gradually reduce their
GHG emissions. The EU has pledged to cut its GHG emissions by 20 % from the level
of 1990, and to produce 20 % of its energy by renewables and to improve its energy
efficiency by 20 % by the year 2020. [21.] By the year 2030, the GHG emissions should
be cut by 40 % from the level of 1990, 27 % of the energy should be produced by renew-
ables and the energy efficiency should be increased by 27% [22]. In November 2018,
the European Commission presented its vision for a long-term strategy where Europe

would operate at a climate neutral level by 2050 [23].

The directive 2010/31/EU for the energy performance of buildings required the member
states to set national building requirements for nearly zero energy buildings (nZEB). In
simple terms a nZEB is a building that has high energy efficiency and its operational
energy is provided from renewables to a high extend. The regulative framework states
that all new buildings in EU have to be nZEBs by the end of the year 2020. [24.]

In Finland, the energy performance of buildings is regulated by legislation. The Ministry
of Environment of Finland have set requirements and benchmarks for all new buildings
and major renovations regarding the energy efficiency of the buildings. A national energy

certification is required in for all new buildings and major renovations. [25.]

5.2 Level(s)

Level(s) is a voluntary reporting framework for increasing sustainability of buildings de-
veloped by the European Commission based on the CEN/TC 350 standards. The aim of
the framework is to create a simple method for the assessment and communication of
building sustainability for professionals working in the construction industry and to unify

the methods used in sustainability reporting in European Union. [26.]

There are six macro-objectives included in the framework, illustrated in figure 7. The
macro objectives are divided in 14 indicators for sustainability. The first macro-objective

Greenhouse gas emissions along building’s life cycle includes two indicators The
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indicator one Use stage energy performance and two Life cycle Global Warming
Potential The latter should be assessed in accordance with the standard EN 15978. The
reference period for all buildings assessed with the Level(s) framework is 60 years. All
life cycle stages defined in the standard EN 15978 are taken into account in the Level(s)

assessments. [27.] The Level(s) reporting framework is under development and tested

at the time of writing this thesis [26].

1. Greenhouse
gas emissions
along a buildings
life cycle

2. Resource
efficient and
circular material
life cycles

3. Efficient use of
water resources

4. Healthy and
comfortable
spaces

5. Adaptation
and resilience to
climate change

6. Optimised life
cycle cost and
value

Figure 7. Macro objectives of Level(s) framework [26].

In Finland, the Level(s) framework is tested by the officials and by commercial actors in
the construction sector. The framework is taken into account in the development of the

national building regulation for low carbon construction. [28.]

5.3 National Carbon Footprint Regulation Process in Finland

As a member of UNFCCC and European Union, Finland is under obligation to set na-
tional goals for emission reduction. A significant measure of Finnish GHG is emitted
through the built environment. The emission reductions of the built environment in Fin-
land are directed to the fields of land use, energy efficiency, maintenance, material use

and renewable energy. [29.]

The Finnish regulations for the environmental construction have mainly been based on
improving the energy efficiency of the use stage of buildings. Further cost effective im-
provements in energy efficiency of the use stage can be challenging according to the
Ministry of Environment. Therefore, the beginning and end of a building life cycle have
become increasingly important in the whole life cycle emission reduction process. The

goal is to regulate the GHG emissions of new constructions by the year 2025. [15.]
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It has been proposed that an assessment of the GWP of a building should be an obliga-
tory part of the building permit application process, similarly as national energy certifica-
tion is required for new constructions and renovations. The proposed calculation method
would be based on the standards EN 15634, EN 15978, EN 15804 and the Level(s)

framework. [30.]

The national calculation method would allow the calculation of the impact of the buildings
on global warming on two levels of detail. A calculation with a lower level of detail would
be based on a national standard emission database. The more detailed calculations
could be carried out using detailed emission data given in EPDs in accordance with the
standard 15804. [30.]
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6 LCA in Building Design Processes

Building LCA is used in building design processes in the case company. This chapter
describes how LCA is used in design processes of the case company. The availability of
inventory data and the quality of the data are highly dependent on the stage of the on-
going design process. Each field of design involved in the design process design stages
that may not be interchangeable over the design fields. To simplify the discussion of the
design process, it is in this thesis divided in three parts: sketch, design development and
construction. These stages have special characteristics that separate them from one
another. An LCA can be carried out at each stage.

6.1 Design Process Stages

The level of detail of the LCA depends completely on the available data quality. To sim-
plify the description of the processes, the LCAs with different levels of detail are linked
with the design stages above as shown in table 1.

Table 1. Available data quality and applicable LCA types in different stages of design.

Sketch Design development Construction

Available data
quality

very detailed data available in addition
to design development stage

very limited available data general data available in addition to
sketch stage:
. gross floor areas

. floor plans . construction details

. number of floors

. location

. main structures

. location and orientation

. component specifications

LCA detail level

Screening LCA

LCA with generic impact data

Full LCA based on product specific
EPDs and generic data

Fields of design
providing docu-
ments

Architectural

Architectural

Structural

Architectural

Structural

Building services systems

The early design stage LCAs, or screening LCAs, are best applied in the sketch stage of
design where the available data are very general. The screening can be used for exam-
ple to compare the environmental impacts of very early stage architectural designs. At
the design development stage, the provided design documents are rather detailed alt-

hough product specific data may not be available. When the materials and products are
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not specified in the design, generic environmental impact data can be used for the as-
sessment. The most informative data are available at the construction stage. Here all
major decisions have been made and the LCA can be carried out using product specific

EPDs where applicable.

The motivation for the designers to implement an LCA is mainly based on the require-
ments of a client. The architectural design has a significant role in the accumulation of
environmental impacts of a building. Architects are typically the main responsible design-
ers of building projects and they are involved in all stages of design. Other designers, as
building services systems designers and structural designers, are involved in the design
process at later stages, when many major decisions have already been taken. Therefore,

the possibilities to affect the environmental impacts are lower.

In the project acquisition stage, a screening LCA can be used as a tool for supporting
proposed solutions and communicating the environmental impact of different solutions.
Showing the environmental impacts of a building with the design proposal can add value
in the early stage designs especially if the assessment can be implemented cost effec-
tively. [31.]

From the point of view of the embodied emissions, the structural components of the
building contribute the most. The major decisions considering the material of the main
structures have often already been made when the structural designers start working on
the project. LCAs typically consider the whole building, not only the structural elements,
and there was only small interest in the field of structural design towards LCA studies at

the time of the final year project. [32.]

Building services systems typically affect the total environmental impacts of a building
significantly due to the amount of required installations and the energy consumption of
the systems. Typically, the life time of building services systems is shorter than that of
the assessed building and the systems must be renewed several times throughout the
life cycle of the building. The building services design also affects the energy consump-
tion of the building. Therefore, it indirectly affects the overall environmental impact of the
assessed building. [33.] Assessing the impacts of building services systems can be chal-
lenging as there is a lack of EPDs related to the building services equipment in the mar-
ket and the building services material assessments must often be made on the basis of

estimations. [34.]
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6.2 Client Motivation Towards LCA Studies

There can be several reasons for carrying out a building LCA depending on the executing
body of the study. The focus of this thesis is on the current LCA processes of the case
company. Therefore, the view of this chapter is limited to topics that are interesting from
that point of view.

Environmental building certification processes are major environmental impact assess-
ment and design management systems for office and commercial buildings used in the
case company. The LCAs that are conducted in the case company can be used for gain-
ing points for the certification processes of many major certification systems, such as
BREEAM and LEED. For certification purposes, the considered environmental impact
assessment categories and calculation framework are selected according to the defini-

tion of the certification body.

Independent LCAs that are not related to any certification processes are done for all
building types, including residential, commercial and office buildings. The independent
LCAs made in the case company in many cases only consider the impact assessment
category climate change, often referred to as carbon footprint. These independent stud-
ies are used for research purposes or to give project owners and stakeholders infor-

mation about the environmental performance of their buildings.

In general, a majority of the implemented LCAs in the case company are related to the
environmental building certification processes. However, the legislative environment and
public opinion in the European Union and Finland is changing, and it can be expected

that the general interest for LCAs will increase.
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7 Software and Databases

Based on the research done during the final year project the inventory analysis stage is
a very resource consuming stage in the LCA process. Therefore, for practical reasons
software and EPD databases are utilized for the purpose. The LCA software discussed
in this thesis is One Click LCA.

One Click LCA (referred to as OCL) is a tool specifically designed for building LCAs, and
based on the standards ISO 14040, ISO 14044 and EN 15978 for the European markets.
The tool is connected to several verified EPD databases which can be used also for the
inventory required for an LCA in line with the standard EN 15978. [8.]

The EPD databases include both specific product data and generic data based on aver-
age values for a given material or process. The inventory assessment with OCL can be
implemented at many levels of detail depending on the available building data and data

quality.

The OCL cannot directly handle building information models, but data can be imported
into the tool from the models using provided software integrations. The supported BIM
formats for the data import are IFC2x3, IFC4, Revit, ArchiCAD and Tekla Structures.
Some of the available integrations allow data exchange directly through the used soft-
ware, but data can also be exchanged through Excel spreadsheets. Data in IFC format
can be directly imported into the tool using Simplebim software, which was used during

the final year project. [8.]

When data is exchanged using BIM the quality of the LCA study depends on the quality
of the used building information model. In order to effectively utilize the OCL in the pro-
cess, the building information model should contain specific information about construc-

tion materials. [35.]

The geometry of the building should be modelled in detail because the geometrical data
are often directly imported into the software. The most important data retrieved from a

building information model are quantitative data such as material mass and areas. [35.]

The elements that the building model contains should be labelled in as high detail as

possible. The calculation software does recognize the material labels and assigns the
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BIM elements to material EPDs accordingly. Very general labels or implicit labels should
be avoided. [35.]

Building information models often contain multi-layered elements, such as exterior wall
structures. Each layer of the element should be labelled and identified. Another common
case within BIM is a multi-material component that is modelled as a solid element. These
elements should include labels that indicate all the included materials and material vol-
umes. In the case of hollow objects, the objects should be modelled as hollow or, if mod-

elled solid, the label should contain the material thickness. [35.]
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8 Building LCA Process Description

The LCA process described here is based on the current LCA processes of the case
company. Information about the LCA processes of the case company was retrieved by
conducting an LCA for an office building according to the procedures of the case com-
pany. The assessments are most often made at a design stage where major design
decisions regarding the building have already been made and the available design data
are relatively detailed or very detailed.

Building LCA process

Goal definition Initial data Modelling Analysis
collection

Material flow BIM Result
processing accuracy

il
Commission
Energy flow Database

mapping

Process
reporting

Framewark
Water

definition . Impact result
consumption -
combining

Geographical
information

Figure 8. A simplified process flow chart of a building LCA.

In this thesis, the description of the LCA process is based both on previous LCAs made
in the case company and on an LCA of an office building carried out during the final year
project. The results of the LCA are shown in appendix 3. The LCA process of the case

company is divided in four steps that are illustrated in figure 8 above.

8.1 Goal Definition

The goal and scope definition is the basis for starting an LCA process as described in
chapter 2.1. The goal is defined by the purpose of use of the LCA or by the client. The
LCA may be used as evidence in the process of getting a sustainability certificate for the
building, or in some cases a client wants the carbon footprint of the project calculated.
The framework to be implemented, the standards used and the calculation period are

defined in the goal definition stage. The basic idea of a building LCA is always the same
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regardless of the framework of the study. Building LCAs can be implemented with varying
levels of completeness from simple building material screenings to full LCAs in accord-
ance with EN 15978.

8.2 Initial Data Collection and Calculation Setup

The purpose of the initial data collection phase of an LCA is to collect all the required
information for the study. The initial data needs for an LCA process was discovered dur-
ing the final year project. Data about material flow, energy flow and other building related
information is gathered from different sources at the initial data collection and calculation
setup stage in the case company as illustrated in figure 9.

Initial data collection

Material data

<+—— BIM Structural
* Geometrical data

* Areas <«—— BIM Architectural

* Volumes <«—— Floor plans and facade drawings
* Material data

« Structure data <«—— Structure design details

* Architectural data

* Building services
systems
components

<+—— BSS design details

Energy data

* Consumption data
* Electricity
* District heating
* District cooling

<+—— National energy certification

| Geographical information | <+—— Architectural plans

| Water consumption | <«+—— Energy design documents

Figure 9. Initial data collection phase.

Depending on the stage of the design process the quality of available data can vary
significantly. A starting point of an LCA is to use the best data available at the time of the
assessment. In the case company, the LCAs are usually done at design stages where
all the major decisions have already been made and the quality of the available data is
relatively high. For a successful implementation of a building LCA at least the following

data is collected in the process of the case company:

o national energy certification
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. structural building information model

. architectural building information model
. structural building component details

o floor plans

. facade drawings.

It was discovered during the final year project that the most important information to
retrieve is the geometrical data about the building. The LCA calculations are mostly
based on areas and volumes of building components. Therefore, the geometrical data
should be correct. Other useful, but not necessary, documents that are often collected in
the company are construction specifications, installation specifications and detailed
structural design documents. The initial data for the LCA process are retrieved from the

responsible design party.

The LCA process could be carried out manually without utilizing building information
models but was discovered during the final year project that it would require extensively
more resources. The building information models are processed in the IFC format in the
LCA process of the case company. The models in IFC format can be easily modified and
the models can be utilized in the used LCA software.

8.3 Modelling

After the initial data collection phase, the collected input flows are assigned to repre-
sentative EPDs. At this modelling stage, extensive amounts of data and databases are
dealt with and it is the most resource consuming stage of an LCA process. In the case
company, the stage is managed by utilizing purpose made software that contains the
required environmental data for material and energy flows. The software used at the

case company is OCL. The modelling process flow is illustrated in figure 10.
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Modelling

‘ BIM processing }47 STR Model

‘ BIM import to LCA software ‘

.

‘ 1st material mapping ‘

‘ Model improvement }17 ARC Model

‘ 2nd material mapping ‘

‘ Energy consumption mapping }47 ENE calculations

‘ Water consumption mapping }4— WAT data estimations
‘ Site operations mapping }47 Site consumption data

l estimation

‘ Result extraction ‘

Figure 10. LCA modelling stage.

Building information can be imported into the OCL either manually or by utilizing an au-
tomated BIM based input process. It was discovered during the final year project that in
the case company the automated process is preferable and practically the most regularly
used method. The building information models used in the company are processed in
IFC format whose material data can be imported into OCL utilizing an integration in Sim-
plebim software. The utilized building information model is modified in Simplebim if

needed and then imported directly into OCL.

It was discovered during the final year project that structural models contain detailed
information about the components, that in general have the highest environmental im-
pact. Therefore, in the LCA processes of the case company the structural models are
usually preferred over the architectural models when data are initially imported into OCL.
The architectural models contain information about non-bearing structures and other
components, such as fenestration, that is not included in the structural models. The ma-
terial data collected from the structural model must be improved manually with the infor-
mation extracted from the architectural model and other design documents. The struc-
tural building information models do not usually contain the reinforcement steel for con-
crete, which has to be manually calculated on the basis of the concrete component types,
volumes and structural design documents. Structural and architectural models are not
imported into the OCL simultaneously due to the overlapping geometric information. The

building services systems models cannot be imported into OCL directly because the
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models do not contain applicable data about the materials and geometry of the modelled
systems. The assessment of the building services systems is done using generic aver-

age data according to the size and type of the building.

Even though the inventory collection stage of the LCA process of the case company is
highly automated, not all material data are automatically mapped in correct material da-
tabases or EPDs. The building information models always contain materials that cannot
be recognized by the OCL. These materials must be manually mapped to correct EPDs.
Sometimes materials may be mapped in wrong or inappropriate databases in the import
process. Therefore, validation of the material selection must be done before progressing
to the following stage of the assessment.

The impacts of the transportation of materials are typically estimated using the OCL soft-
ware in the LCA processes of the case company. The transportation distances are cal-
culated on the basis of generic average datasets chosen by the user in the calculation
setup phase. If detailed data about the material manufacturer are available, the trans-
portation distances and mode of transportation are manually modified for each material

individually.

Energy consumption data used in the LCAs of the case company are based on the stand-
ardized national energy calculations which provide values for the annual energy con-
sumption and production of a building. For the LCA purposes, the energy consumption
is divided by the energy carrier as the energy production impacts vary depending on the
energy carrier and the energy source. Depending on the location of the building and the
energy carrier, the environmental impact of the energy use of the building can vary sig-
nificantly. The energy carrier categories in OCL are grid electricity, on site consumed
fuels, district heating and district cooling. Furthermore, exported energy can be used in
the calculation. The energy flow data is mapped to the best profile for energy emission
that is both representative and available.

It was discovered in the final year project that construction site operations depend on
many variables and it can be difficult to estimate the environmental impacts of the con-
struction site operations in detail. In practice, the site operations of the LCAs done in the
case company are estimated using generic average data based on the location and size

of the construction. Actions taken into account in the site operations assessment that
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cause environmental impacts are for example energy consumption and waste produc-
tion. The input data can be defined if there are measured consumption data available

about the site operations.

Environmental impacts of an assessment are got as a result of the modelling phase. The
results are combined and categorized according to the used assessment framework. The
results of the LCAs of the case company are typically given for each assessed environ-

mental impact category.

8.4 Analysis and Result Communication

The results of an LCA are analysed according to the goal and scope of the study. The
LCA processes require estimations and management of uncertainties that must be criti-

cally reviewed. Typical subjects that are analysed are discussed in this chapter.

The validity of the results of an LCA are not reviewed as absolute values in the processes
of the case company. Instead, the study should be reviewed on the basis of the quality
of the inventory. In general, it can be stated that higher detail of the input inventory results
in higher quality LCA results. It was found during the final year project that typical mis-
takes made during the process are related to input flow quantities. An example of input
flow mistakes could be confusing areas with volumes or counting in the same material
guantity several times. The results of an LCA done in the case company are compared
to benchmarking cases that give a broad image about the range where the results of the
assessment should be. At the case company, the comparison can be made with other
assessments made in-house by or utilizing the embodied emission benchmark database
provided by the OCL. An example of the visualization of the benchmark results of the

case study retrieved from the OCL is illustrated in the figure 11.
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Figure 11. Visualization of One Click LCA embodied carbon benchmark.

The results of a typical LCA made in the case company are allocated to the life cycle
stages. The results of the case study, and other LCAs made in house, indicate that the
most important contributors to the total environmental impacts are the product stage (Al-
A3) and the operational energy stage (B6). The impacts of these stages are often the
most interesting piece of information when reporting the results of the assessment. In
many cases, more defined information about the environmental impacts is found. The
impacts of the LCAs done in the case company are typically also divided by building

material type or by building component type.

The results of the LCAs done in the case company are typically benchmarked and the
results are reported to the client. For example, the results of an LCA for certification
purposes, e.g. for BREEAM category Mat 01, are compared with those of another pre-
defined case building. The case building can be, for example, a standard building that
fulfils the energy consumption and other regulations in its country. The results of com-
parisons are also used to support the presentation of the results of the assessment, and
to make the results more understandable. Comparisons can be made between entire

buildings or between some specific building components or materials.

The results of an LCA are to be reported in a way that supports the communication with
the commissioner and other stakeholders associated with the study. The reporting phase
depends completely on the previous stages and the intended use of the study. Infor-
mation about the process should be reported at each assessment stage, but the empha-
sis of the reporting can be the analysing stage. Information retrieved from the analysing
stage is usually the most valuable piece of information to be reported for the commis-

sioner.
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9 Process Analysis

The process analysis described in this chapter is based on the current process practices
at the case company. Further research should be done for more in-depth analysis and
development proposals, but this thesis describes how prepared the case company is to
adopt the national carbon footprint assessment process and if national energy certifica-
tion process can be combined with the LCA process in a cost effective way.

9.1 Combining Energy Calculation Processes with LCA Processes

Data about energy consumption are required for all LCAs that include the use-stage im-
pacts. It has been proposed by the Finnish Ministry of Environment that the upcoming
obligation to declare the carbon footprint of new constructions could be combined with
the current energy certification. [1.] One of the goals of this thesis is to review whether it
is possible to combine the energy certification processes and the LCA processes of the
case company in a cost-effective way. Possible cost savings in the processes could be
achieved through faster process time and by utilizing common software in the processes.
The similarities between the energy calculations and LCA processes are looked into by
studying the initial data collection requirements and the modelling phases of both pro-
cesses. The energy calculation process is assessed by studying in-house projects and
by concluding an energy calculation process for an office building. The review outcome

is described in this chapter.

The national standard energy calculations are often made in three design stages of a
building process. The results are needed for the sketch design phase, for the building
permit and in in the handout-stage. The LCAs can be carried out in the same design
stages. In practice detailed data availability for a full LCA is high enough only in the
handout stage. The energy simulation models are updated twice in the process as the
national energy certification for the building permit is developed on the basis of the sketch

stage calculations and then later updated in the handout stage.

The required initial data for both processes are very similar. The required initial docu-
ments for both processes are listed in table 2 and the importance of the documents for

both calculation processes is assessed. Most collected initial documents can be utilized
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in both processes. Using the same initial documents collection can save time as the

sourcing of the documents does not have to be done twice.

Table 2. Initial data comparison for energy calculation and LCA processes.

Initial data Imprortance
ENE | Lca

Geometry and architecture

BIM (Structural) N H
BIM (Architectural) N H
Floor plans H H
Sections H L
Facades H H
Floor areas list N L
Material data

Structure type details H H
U-values H N
Window g-values H N
Window listing N N
Door listing N N
Strucural implementation specification L N
Component material specification L H

Systems

Heating systems details H N
Water systems details N N
Ventilation systems description H N
Ventilation air flows H L
Water consumption H H
Energy consumption n/a H
BSS design documents L N
BSS implementation specification N N
H high
N neutral
L low

The energy calculations for national standard calculation purposes are done utilizing
the space modelling software Magicad Room and the dynamic energy simulation pro-
gram IDA ICE. The Magicad Room is used for creating a space model of the studied
building. The space model is imported into IDA ICE, which is used for energy simula-
tions. There are specific requirements for the building information models used for en-
ergy calculations in the case company. The energy models used are based on spaces
limited by the interior dimensions of the building envelope. It is critical to define the ge-
ometrical data of the modelled spaces correctly. There also are other specific pieces of
information, such as space labelling, that should be optimized for the energy simulation

purposes. The standardized national energy calculations are based on the heated net
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area of a building limited by internal dimensions of the thermal envelope. All cold
spaces are excluded from the energy models. Therefore, even large parts of the build-
ing may not be modelled in the energy models. An example of the composition of the

energy model is illustrated in figure 12.

......................................................................... “
]

the energy model i ;_}?‘ |Enve|ope included in the energy model

Figure 12. An example of an energy model outline [36; 37].

Currently, architectural models are not used for energy simulation purposes as there
often are compatibility issues between the architectural models and the simulation soft-
ware. The architectural models also contain information that is not relevant for the pur-
pose. To eliminate the compatibility issues and to assure desired space details, geomet-
rical models for energy simulation purposes are modelled separately with Magicad
Room. The geometrical building information model from Magicad Room is imported into
the energy simulation program IDA ICE in the IFC format. The energy model is then
created in IDA ICE.

The quality of geometric data is equally important for the energy calculation purposes
and LCA processes. There is a plugin available for the energy simulation software IDA
ICE which enables exporting the geometrical model created for the energy simulation
purposes to be used for an LCA in the OCL. However, as the energy model is only opti-
mized for the energy calculation purposes it does not include detailed information about
data that are relevant for LCAs. In addition, energy models are manually re-modelled
from original architectural documents, so the geometric data may not be as accurate as
in architectural building information models. Due to the specific requirements of the en-
ergy model, it is not viable to use a common building information model for both stand-

ardized national energy calculation purposes and in LCA processes.
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A Collection of common initial documents could speed up both standardized national
energy calculation processes and LCA processes. It was discovered during the final year
project that is not feasible to utilize common building information models or software for
both processes. It should be noted that the produced energy consumption data are com-
pulsory input flow data for most LCA processes of the case company. The combination
of standard national energy calculation and LCA processes could be beneficial for the

case company when the same team or personnel conduct both studies.

9.2 Adopting National Carbon Footprint Assessment Method

At the time of writing this thesis the, preparation of a national calculation method for
building life cycle footprint was still in process in Finland. The framework around the
method is in place, but not completed, so the review of the preparedness of the case
company in implementing the upcoming national calculations can only be done on a
general level. The proposed national calculation method is based on the standard EN
15978. The major differences to the standard would be related to the building compo-

nents included and the calculation period. [29.]

It has been proposed that the building life cycle carbon footprint could be calculated on
two different levels of detail. The simpler calculation method would be similar to a typical
screening LCA and it would be calculated with national standard emission values. The
more detailed calculation should be implemented with project specific material and en-
ergy flow information. [30.] These more detailed calculations could be done with the soft-

ware the case company already uses.

As discussed in chapter 8 above the LCA processes can be implemented in accordance
with several different standards or frameworks. As the proposed national calculation
method is based on commonly known standards, the only difference to LCAs done at
the case company is the goal and scope setup. Based on the first proposed calculation
method description the LCA process of the case company is easily adaptable to the

national method for calculating the carbon footprint of buildings.
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9.3 Common Practices and Quality Assurance

The LCA results are estimations and usually highly dependent on the author and the
utilized calculation software. The typical result variation of LCAs is not only a company
specific but also a universal challenge. [38.] On a company level there are several meth-
ods to control the work of the case company to improve the accuracy of the results and
the comparability of the implemented studies.

On a company level it is possible to control the own work with various methods. The first
method is software use related practices. In the case company only one software is used
for the purpose. The OCL has functions that support the common assessment practices.
The software saves EPD selections from the material labelling, and the selections are
saved on the company account. Selection of certain materials from previous projects are
automatically selected for the following projects which include similar material labelling.
Furthermore, there is a model checker tool included in the OCL which can be used for
the filtering of any major inconsistencies in the LCA model. Another effective method for
controlling the process and enhancing the common practices is to utilize a common

checklist that is used in all LCA projects of the case company.

9.4 Utilization of Native Building Information Models

The most important building information models for carrying out an LCA process are
architectural and structural models. BIM cooperation was discovered between teams in
the case company. The teams involved were the architectural design, structural design,
HVAC design and life cycle team. The main tool for modelling in the architecture depart-
ment is Graphisoft Archicad and in the structural design the main tool for modelling is
Tekla Structures. There are plugins available for both modelling programs that allow data
export to the LCA software OCL.

The building information models are processed in the IFC format which enables an effi-
cient use of the models throughout the design fields. When a building information model
is converted into the IFC format, some data modifications always take place in the pro-
cess. As an example, composite structures that consist of many layers may be combined
as one layer in the process. These combined structures contain data for several layers

that cannot be directly processed in OCL and must be manually split in the process.
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From the point of view of maximizing data quality of a design field model, the use of
native models instead of the IFC format could be beneficial. [32.] However, utilizing the
native models for LCA processes requires either very close co-operation with the respon-
sible design party or a possibility to use the same software as the designer. If the design
is not produced in-house a close co-operation may be challenging. Furthermore, it is not
feasible to provide all the necessary tools for both the design team and the team con-

ducting LCA studies due to software expenses.

The best practice currently available for LCA processes is to use IFC files for the data
exchange together with model inspection. The simplicity and versatility of the data ex-
change was found in the final year project to be more important than the possible data

quality improvements achieved from using native models.

9.5 Assessment of Building Services Systems

Building services systems (BSS) data cannot usually be exported from a BIM as the data
are not suitable for inventory analysis. The data do not always contain material data need
to be imported into OCL. lllustration of a typical ventilation ductwork in a BSS model

studied in the final year project LCA case study is illustrated in figure 13.

Building Storey name Vesikatto
Container Vesikatto

Container ass  Building Storey
¢ Pyorea
Duct

G3.TKO1-TFO1-KANAVA
Pyodreat kanavat

Flow segment
RIGIDSEGMENT
TKO1TFO1

Tuloilma TKO1

Hold down Ctrl or Ctri+Shift to see more information

Figure 13. Typical details from a BSS model.
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The practices of component labelling the BSS design are very different from the needs
of LCA. Furthermore, the geometrical data for hollow components with very low material
surface thickness can be difficult to handle. The BSS models also contain technical
equipment that cannot be assessed on the basis of the volume and mass of the compo-
nents. The assessment of the building services systems must be done by the floor area
of the building based on the general average values for each installed system category.
The problem of BSS equipment is not company specific but an issue that concerns the

whole industry.

9.6 Potential in Adopting Screening LCA

At the time of this study, the LCA projects in the case company were carried out mainly
in the late design stages. A natural next step in developing the LCA services would be

to introduce screening LCAs.

Screening LCAs can be best utilized for communication between the designers in the
company. For a multi-disciplinary design company as the case company where multiple
different design fields co-operate with each other using the screening could be highly
beneficial. Especially for architectural design teams, the early design stage impact as-
sessment information can be very valuable. The architectural decisions define and limit
the possibilities of other fields of design to affect the environmental impacts of a building.
It should be noted here that a screening LCA does not provide comparable or standard-
ized results. Therefore, reporting the result outside the company should be carefully con-

sidered.

Tools that can be used for the screening LCAs are available in the case company. It was
discovered during the final year project that implementation of the screening would not
be very resource consuming as the teams are already familiar with the tools. The OCL
tool provider supports an early stage tool for GWP estimations, similar estimations can

be done with the case company’s own estimation tool.
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10 Conclusion

The purpose of this thesis was to describe the current LCA processes of the multi-disci-
plinary design company and review the potential for process development. The thesis
looked into, first, how prepared the company was to adopt a proposed national carbon
footprint calculation method and, second, whether it was possible to combine the process
of standardized energy calculation for the national energy certification with the current
LCA process of the case company.

The LCA process of the case company is currently done at late design stages where all
major building design decisions have already been made. The available building data at
the late stages are detailed and the full standardized LCAs can be carried out.

Building information models are utilized in LCA processes of the case company to a high
extend. Major parts of the inventory analysis stage are automated using BIM when im-
porting data into building LCA software. Carrying out an LCA is an iterative process and
after importing selected building information models, the LCA model is refined on the
basis of other building design documents. The building information models are pro-
cessed in the IFC format because of the versatility of the data exchange over the fields

of design and organizations the IFC format provides.

The proposed national method for assessing the life cycle carbon footprint of buildings
is based on the same frameworks that are already used in most LCA studies. LCA pro-
cesses of the case company are already based on these common standards and frame-
works and adopting the proposed national method in the company would require only
minor changes in the setup phase. The proposed national assessment method was un-
der development at the time of writing this thesis, and the final assessment method may

differ from the first version reviewed in this thesis.

The standardized energy calculations needed for national energy certification for build-
ings are carried out regularly as part of the energy services at the company. The possi-
bility to cost effectively combine the standardized energy calculations with the LCA pro-
cesses was reviewed in the thesis. Cost savings could be achieved through saving time
in the processes and utilizing common tools and models for both processes. It was dis-
covered that the initial data collection for both energy calculation and LCA processes
could be combined as the necessary initial data for both processes are similar. However,
energy calculations require specific data from the building information models, and sep-

arate building information models are created for the energy calculation purposes. Due
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to the specific needs for modelling in energy calculations, it was established that the best
practice is to keep the modelling phase for both energy calculations and LCA processes
separate.

The development of the company LCA processes could be done by adopting early de-
sign stage screening LCAs. The screening LCAs could support the decision making in
very early stages of architectural design. In a multi-disciplinary design company where
architectural design and the LCAs are done in house, the co-operation could be particu-
larly beneficial. The screening LCAs could be used in communicating the environmental

performance of the building between the designers in-house.
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Appendix 1
1(1)

EN 15804 minimum environmental data quality requirements [12].

If there are no standardized EPDs available, the environmental data should have
a certain level of detail to be used for LCASs in line with EN 15978. The minimum

requirements are listed in the EN 15978 as follows:

data should be as current as possible. Validation of the data shall not be older

than 10 years;

¢ dataset for calculations should be based on one-year averaged data if relevant;

reasons for a different

e assessment period shall be listed;

e emissions from disposal processes shall be accounted for at least 100 years;

e emissions that occur beyond 100 years should be inventoried in a dataset as

separate ‘long-term’

¢ elementary flows and included in the impact assessment if relevant;

¢ data shall have been checked for plausibility and compliance with the rules of EN
15804;

¢ the technological coverage shall reflect the physical reality for the declared prod-

uct or product group;

¢ the geographical coverage shall be representative of the region where the pro-

duction is located.
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