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KURZFASSUNG 

Diese Masterarbeit befasst sich mit spezifischen Aspekten von Lebenszyklus-

Analysen (Life Cycle Analysis – LCA) im Bereich der gebauten Umwelt. Im Detail 

werden Möglichkeiten identifiziert und qualifiziert, mit welchen „vereinfachte“ LCAs in 

frühen Planungsphasen implementiert werden können. 

In einem ersten Bearbeitungsschritt wurde eine umfassende Literaturrecherche 

vorgenommen, in welcher Bemühungen aus dem kommerziellen wie auch aus dem 

akademischen Rahmen identifiziert werden konnten. Im Rahmen von 4 Domänen 

(Zeit, Maßstab, Eingabedaten und Einfluss der Simplifizierung Impact) konnten 21 

wichtige Parameter identifiziert werden, welche zu einer Vereinfachung beizutragen 

geeignet sind. Diese wurden im Rahmen einer Case Study untersucht, wobei der 

Einfluss auf eine vollwertige LCA-Studie analysiert wurde. 

Im Zuge dieser Bemühungen konnten einige Parameter identifiziert werden, die 

offenbar einen sehr starken Einfluss auf die Resultate der LCA haben. In einem 

nächsten Schritt wurden diese in drei unterschiedlichen Anwendungsfoci untersucht; 

Diese Foci waren (i) reine Materialbetrachtung, (ii) reine operative-

Energiebetrachtung, sowie (iii) Kombination von Materialbetrachtung und operativer 

Energiebetrachtung. In Summe wurden 6 verschiedene Vereinfachungsmodelle 

mittels der Case Study getestet und im Zuge eines Vergleichs zu einer vollwertigen 

LCA betrachtet. Die Zielsetzung hierbei war zu verstehen, wie sich welche 

Vereinfachungsmethodik im Vergleich zur vollwertigen LCA hinsichtlich Aufwand und 

Ergebnisqualität verhält und darstellt. 

Zusammenfassend stellten sich die Life-Cycle Stages gemäß ISO 14040 (ISO 2006) 

A1-A3 (Material Extraktion und Produktion), B1-B5 (Bauwerkserhaltung) sowie B6 

(operative Energie) als signifikant in der Domäne Zeit heraus; in der Domäne Maßstab 

waren es horizontale (Bauelemente wie Geschossdecken, Dächer) und vertikale 

Strukturen (Bauelemente wie Wände, Säulen), sowie Haustechnik; in der Domäne 

Eingabedaten stellte sich die Bedeutung von LCI (Life Cycle Inventories) und 

Zielwertangaben als wesentlicher Parameter im Sinne einer Vereinfachung heraus. 

Von den sechs im Detail untersuchten Modellen waren drei basierend auf generieren 

LCIs. Diese bilden damit sehr gut die Datenverfügbarkeit in frühen Planungsstadien 

ab. Interessanterweise zeigten diese Modelle einen größeren ökologischen 

Fußabdruck als später verwendbare Modelle, die spezifische LCA-Daten verwenden 

konnten. Die generischen Daten scheinen also mit einer „erhöhten“ Sicherheitsmarge 

zu arbeiten. Während dies aus einer Perspektive der „Sicherheit“ im Sinne von „auf 

https://www.tuwien.at/bibliothek
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der sicheren Seite sein“ verständlich und nachvollziehbar erscheint, generiert dies 

aber eine Reihe von Komplikationen in der Vergleichbarkeit mit späteren Modellen 

und letztlich in der Aussagekraft solcher Modelle. 

 

Keywords: Vereinfachte Lebenszyklus-Analyse, architektonische Planungs- und 

Bauprozesse, Baumaterialien, ökologischer Fußabdruck, graue Energie 
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ABSTRACT 

This thesis seeks to identify and qualify simplified scenarios for life cycle analysis 

(LCA) within building science to support architectural design development in the early 

design phases. 

Through a literature study that comprised academic as well as commercial efforts 

within the field of simplified building LCA, 21 relevant simplification parameters within 

four different simplification domains – time, scale, input and impact – were identified. 

Each simplification parameter was applied individually to a case study to determine 

its relative contribution to a full LCA.  

The simplification parameters found to have the relatively most significant contribution 

to a full LCA were combined into simplification models under three different life cycle 

foci: 1. Building materials, 2. Operational energy and 3. the combination of building 

materials and operational energy. A total of six different simplification models were 

tested on the case study and validated by comparing them to a full LCA. The aim of 

this exercise was to determine, which simplification strategies provided the most 

convincing reflection of a full LCA, while taking into account the practical workflow of 

the LCA practitioner. 

The study found that life cycle stages as defined in ISO 14040 (ISO 2006) A1-A3 

(material extraction and production), B1-B5 (maintenance of building materials) and 

B6 (operational energy) were of most significance in the time domain; horizontal 

structures (e.g. roofs, floors, ceiling) and vertical structures (e.g. columns, walls, 

facades) along with building services were found to be most important in the scale 

domain;  and a life cycle inventory (LCI) consisting of generic data as well as the use 

of national target values for energy performance were found to have a significant 

potential as a simplification parameter within the input domain.  

Of the six simplification models, three models were based on generic LCI, reflecting 

the availability of data in the early design stages. These models generally showed a 

higher environmental impact than the same models with specific LCA, addressing the 

problem that generic building products typically have a more significant environmental 

impact than actual building products, thus significantly skewing the simplified results 

and complicating the promising case for simplified LCA.  

Keywords 

Simplified LCA, Architectural Design Process, Building materials, Environmental 

impact, Embodied energy 

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 g
ed

ru
ck

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t a
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

in
 p

rin
t a

t T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 g

ed
ru

ck
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t a

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
in

 p
rin

t a
t T

U
 W

ie
n 

B
ib

lio
th

ek
.

 

 
 

ACKNOWLEDGEMENTS 

My gratitude goes out to ATP sustain and manager Michael Haugeneder for kindly adjusting 

my schedule to allow for writing this thesis while at the same time keeping me informed and 

inspired on the latest sustainability topics in the building industry. 

A special thanks to Senior architect and material specialist Martha Lewis, Henning Larsen 

Architects in Copenhagen for providing drawings, list of building components and feedback 

for the case study, and to Sustainability engineer Christine Collin, Ramboll in Copenhagen 

for information about energy calculations for the case study and general feedback on LCA 

methodology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 g
ed

ru
ck

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t a
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

in
 p

rin
t a

t T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 g

ed
ru

ck
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t a

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
in

 p
rin

t a
t T

U
 W

ie
n 

B
ib

lio
th

ek
.

 

 
 

 

 

 

 

 

 

 

 

Figure 1. Lara Almarcegui: "Construction Materials for this Exhibition Room", FRAC, Bourgogne 

2009
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INTRODUCTION 
 

 
1 

 

LIST OF ABBREVIATIONS 

The below terms will continuously be referred to using their abbreviation rather than 

the full name. 

Abbreviation Explanation 

ADPE Abiotic Depletion Potential (Elements) 

ADPF Abiotic Depletion Potential (Fossil) 

AEC Architecture, Engineering and Construction 

AP Acidification Potential 

BIM Building Information Modeling  

BMS Building Management System 

BOQ Bill Of Quantities 

CEN European Committee for Standardization 

CML Centrum voor Milieukunde University of Leiden 

DGNB Deutsche Gesellschaft für Nachhaltiges Bauen 

EBC Energy in Buildings and Communities Programme 

EebGuide Energy efficient building Guide 

EE Embodied Energy 

EEG Embodied Energy and Greenhouse gas emissions 

EG Embodied Greenhouse gas emissions 

EN European Standard 

EOL End-Of-Life 

EP Eutrophication Potential 

EPBD European Performance of Buildings Directive 

EPD Environmental Product Declaration 

GHG Green House Gases 

GWP Global Warming Potential 

IBO Österreichisches Institute für Bauen und Ökologie 

IED Integrated Energy Design 

ILCD International Reference Life Cycle Data System 

ISO International Organization for Standardization 

JRC Joint Research Centre 

KPI Key Performance Indicator 

LCA Life Cycle Assessment 

LCI Life Cycle Inventory 

LCIA Life Cycle Impact Assessment 
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LOD Level Of Development 

NMD Nationale Milieudatabase 

NZEB Nearly Zero-Energy Building 

ODP Ozone Depletion Potential 

OI3 Ökoindex3 

PEnr Total use of Non-Renewable Primary Energy sources 

PEr Total use of Renewable Primary Energy sources 

PEtot Total use of Primary Energy sources 

POCP Photochemical Ozone Creation Potential 

RIBA Royal Institute of British Architects 

RSL Reference Service Life 
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1 INTRODUCTION 

A current trend in the AEC industry is a move towards nearly zero-energy buildings 

(NZEBs) as outlined in the EU directive on energy performance of buildings, EPBD 

(EU, 2010). As building operation becomes more efficient, the embodied energy of 

building materials becomes relatively more significant (Hollberg and Ruth, 2016; 

Marsh, 2016; Anand and Amor, 2017). The significance of building materials can be 

found on two levels: Firstly, the relative environmental impact of building materials 

increases as the energy consumption for the building operation decreases, and 

secondly, more building materials and especially more high-energy-intensity building 

materials are used to achieve a high-energy performance during the use phase. 

Currently, the manufacturing of building materials alone represents 5-10% of the 

global greenhouse gas (GHG) emissions (Habert et al., 2012).  

Life cycle assessment (LCA) currently provides the state-of-the-art framework for 

assessing the environmental impact of a building over its entire life cycle (Marjaba 

and Chidiac, 2016) and includes operational energy, as well as all environmental 

impacts stemming from the building operation and the building itself. Several studies 

show that the use of LCA in the early architectural design phases can significantly 

reduce the environmental impact of the building during its life cycle (Rossello-Batle et 

al., 2014; Russell-Smith et al., 2015; Bueno and Fabricio, 2018). Figure 2 shows the 

correlation between time (design process) and quantity for knowledge (LCA precision) 

and options for design changes, respectively. 

 

Figure 2. The correlation between design stage, LCA knowledge and design options 

(Illustration by ENSLIC, 2010)  

However, LCA on a building level imposes many challenges: The long service life of 

buildings prompt a high degree of uncertainty in terms of occupancy behavior, 

refurbishment paradigms, and the end-of-life (EOL) treatment of building components 

(Passer et al., 2012). Furthermore, LCA is a time-consuming method to quantify 
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environmental impact, and architects often lack the expertise required to incorporate 

LCA findings into a building design in the early design phases (Gervásio et al., 2014).  

This master thesis will address these challenges by exploring how complex 

knowledge about LCA can be implemented in a fast-track architectural design process 

by identifying and qualifying simplification strategies for LCA that are suitable for the 

early design phases. 

1.1 Motivation 

The increased focus on the environmental impact of the production stage of a 

building’s life cycle places a new and expanded responsibility on the architects’ table: 

Now architectural performance parameters must include not only energy, acoustics 

and daylight criteria, but also building materials down to the substance level. This 

represents a shift in scale for architects from primarily geometric optimization 

exercises to a consideration of a wider array of environmental impact categories. One 

may argue that this is not the main task of the architect; therefore, a simplified and 

user-friendly framework for evaluating the environmental impact of different 

construction alternatives and the applied building materials may be of great value to 

architects during the early design phases, as well as all the other stakeholders later 

during the design development. 

1.2 Research questions 

The overall research question of this thesis is: 

How can the LCA methodology be simplified to reflect the availability of data 

in the early architectural design phases and still provide a realistic and useful 

representation of a full-framework life cycle analysis? 

It is the assumption that a correlation between LCA results in the early and the late 

design stages does exist. With this hypothesis as a guiding principle, the following 

research questions will shape this thesis: 

Which simplification strategies are already in use in academia and as 

commercial tools, respectively? What are the characteristics of these 

simplification strategies? 

If applying a set of different simplification strategies to a case study, how well 

does each strategy represent a full-framework assessment of the same 

building? 
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Which of the well-performing simplification strategies is also compliant with the 

practical workflow of a design project? 

1.3 Thesis roadmap 

The research questions will be answered through a multi-stage process that constitute 

the thesis methodology. The individual steps are illustrated in Figure 3: 

 

Figure 3. Roadmap for thesis methodology 

1.4 Scope and limitations 

Life cycle analysis (LCA) is an extensive method to assess environmental impact and 

can be applied to a multiple of products and processes. This thesis exclusively 

addresses LCAs in the AEC-domain (Architecture-Engineering-Construction) and 

some of the specific challenges and opportunities within this discourse.  

Furthermore, the regional focus for this research will be the European AEC industry 

with only sporadic glances to North America and Asia for inspiration in the literature 

study phases. The emphasis will strictly be on new buildings with high operational 

energy efficiency, as this type of building provides the best platform for investigating 

different methodological choices within the LCA framework, as will be argued in the 

following chapters. 

Lastly, the concept of life cycle costs – LCC – will not be elaborated on in this thesis 

despite its close relation to LCA. The reason for this exclusion is the concentrated 

focus on the LCA framework as a methodology for assessing buildings’ environmental 

impact and its simplification potentials; an addition of LCC would blur the lines 

between the LCA and the LCC methodology.  
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2 BACKGROUND 

LCA is used throughout the building sector from building material over assembly to 

the entire building (ISO, 2006), and a wealth of different software tools exist to help 

building designers quantify the environmental impact of their projects (Diakoumakou, 

2016). Additionally, many recent studies show that in low-energy buildings, embodied 

energy may account for the largest portion of the building’s life cycle energy (de Klijn-

Chevalerias and Javed, 2017; Rasmussen et al., 2018). However, evaluation of 

building environmental performance is typically not performed until the design 

development stage or later (Schlueter and Thesseling, 2009), practically precluding 

any significant design changes to improve the environmental performance of the 

building.  

Several researchers have proposed elaborate schemes for an integrated approach to 

life cycle design (Kreiner et al., 2015; Marsh, 2016; de Klijn-Chevalerias and Javed, 

2017). Yet these proposals have a high degree of complexity and call for expert 

knowledge throughout the design process. A recent review article (Anand and Amor, 

2017) about LCA developments within building science emphasizes the need for 

simplified methodologies for LCA in the design phase, but only counts a single paper 

with concrete research on this topic (Lewandowska et al., 2015). This suggests that 

additional research is needed to develop simplified LCA methodologies that are 

applicable to fast-track architectural design processes, thus ensuring a highly 

informed building design from the earliest design phases with only minor 

environmental optimizations later in the design process. 

This chapter explores the general LCA methodology and its processes and cut-off 

rules and juxtaposes this methodology with current simplification trends within 

building science. 

2.1 The LCA methodology 

Life cycle assessment (LCA) is a general method used across industries to assess 

the environmental impact of a product throughout its service life, starting with the 

extraction of raw materials and ending with the end-of-life scenarios. Early versions 

of the method emerged in the 1960’ies (Buyle et al., 2013), but have since moved 

towards international standardization, e.g. through milestone documents like the 

International Reference Life Cycle Data System Handbook (ILCD, 2010) and the ISO 

family 14000 and derivative industry-specific standards. For construction works, the 
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product system comprises five life cycle stages with a total of 17 processes (EN, 

2011), as illustrated with Figure 4: 

 

Figure 4. System boundaries for LCA calculations as defined in the EN 15978:2011. 

In general, LCA approaches may be either attributional or consequential; attributional 

LCA is defined by its focus on describing the environmentally relevant flows within the 

chosen temporal window (e.g. a service life of 50 years), while consequential LCA 

aims to describe how environmentally relevant flows will change in response to 

possible decisions (Buyle et al., 2018). Construction-specific LCA standards like EN 

15978 and EN 15804 rely solely on the attributional approach (Wittstock et al., 2012), 

whereas consequential LCA is used to inform lawmakers about nation- or global-wide 

consequences of current or potential policies (Buyle et al., 2018).  
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In more detailed terms, an attributional approach uses midpoint categories: A 

problem-oriented approach, which quantifies ozone layer depletion, global warming, 

etc. or in other words quantification of environmental impact. This approach is different 

than that of the consequential approach, which uses endpoint categories: Damage 

categories like ecosystem quality and climate change (Buyle et al., 2013). 

The standardized LCA used today is based on the CML impact assessment 

methodology developed at the Institute of Environmental Science at the University of 

Leiden in the Netherlands, and this methodology examines the midpoint categories 

rather than endpoint categories (Wittstock et al., 2012). 

Multiple literature reviews show that midpoint methodologies are dominant in the 

construction industry (Ortiz et al., 2009; Sharma et al., 2011). The reason for this focus 

is the complexity of assessing one product’s fractional impact on global average 

temperature increases, whereas the ODP or GWP of that product is easier to measure 

(Marsh, 2017).  

Depending on industry and product system, the midpoint categories – or more 

commonly known as impact assessment indicators – are selected for their relevance. 

ISO 14044 states that if none of the existing indicators are sufficient, new ones can 

be defined. For the construction industry, most LCA studies include all or most of the 

impact assessment indicators illustrated in Figure 5 (Birgisdòttir and Nygaard 2016): 
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Figure 5. Most extensively used impact assessment indicators. Illustration after (Birgisdóttir 

and Rasmussen 2016) 

There are, however, no regulations on how many or which impact assessment 

indicators an LCA study should include (ISO 14044, 2006).  
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2.1.1 LCA  processes 

The generic requirements for an LCA in the construction industry comprise eight 

processes as outlined in EN 15978. Each of these processes and the required 

information of each process is explained in Figure 6:  

 

Figure 6. Processes and information required for conducting an LCA based on EN 15978. 

Any LCA study – full or simplified – should follow this roadmap and address all 

processes within it. 
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2.1.2 Cut-off rules 

The scope of the life cycle assessment is defined as system boundaries and describes 

the processes included in the assessment (ISO 2006). 

In recognition of the data-intensive and time-consuming requirements of the LCA 

methodology, cut-off rules are in place to enable LCA practitioners to set up 

meaningful system boundaries and conduct LCA without having to model 100% of the 

product system (Wittstock et al., 2012). According to the ILCD Handbook, common 

cut-off rules found within LCA practice for buildings are (ILCD, 2010): 

i. Omission of non-relevant life cycle stages 

ii. Omission of building components with minor impact potential 

iii. Omission of investigated LCIA indicators 

However, no general approaches can be defined for buildings due to the complexity 

(Wittstock et al., 2012). In general, cut-off rules for building LCA studies should only 

be applied in compliance with EN 15804 and EN 15978.  

Despite being established as a measure to ensure operability of the LCA 

methodology, the cut-off rules may also be used proactively as simplification 

strategies, which will be introduced in the next paragraphs. 
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2.1.3 Standards and guidelines 

The LCA methodology is widely used within a large variety of industries (Wittstock et 

al., 2012). A number of international and European standards define the general 

fundamentals as well as industry-specific applications. Table 1 below shows 

standards relevant for LCA in the construction industry. In the European Committee 

for Standardization (CEN), the technical committee TC 350 is responsible for the 

development of voluntary horizontal standardized methods for the assessment of the 

sustainability aspects of new and existing construction works (CEN 2018). 

 

Table 1. Relevant international and European standards 

Standard Application 

ISO 14040: 2006 

Environmental management – Life cycle 
assessment – Principles and framework 

This standard outlines the principles for 
compiling an LCA, e.g. requirements for 
data transparency, etc. Applicable to all 
industries. 

ISO 14044: 2006 

Environmental management – Life cycle 
assessment – Requirements and guidelines 

This standard describes requirements for 
implementation of LCA. Applicable to all 
industries. 

EN 15643-2:2011 

Sustainability of construction works. 
Assessment of buildings. Framework for the 
assessment of environmental performance. 

This standard outlines requirements and 
assessment of environmental impact of 
building.  

EN 15978:2011 

Sustainability of construction works. 
Assessment of environmental performance of 
buildings. Calculation method. 

This standard outlines the calculation 
method for implementing LCA of building. 

EN 15804:2012 

Sustainability of construction works. 
Environmental product declarations. Core 
rules for the product category of construction 
products. 

This standard outlines structure, content 
and principles of an Environmental Product 
Declaration (EPD) for construction 
products in order to ensure that they are 
made according to the same procedure and 
are presented in a uniform format. 

ILCD Handbook 

International Reference Life Cycle Data 
System: General Guide for Life Cycle 
Assessment 

The ILCD handbook was developed by the 
Institute for Environment and Sustainability 
in the European Commission Joint 
Research Centre (JRC) and provides in-
depth guidance on general LCA practice 
(ILCD, 2010). 

 

The content of the standards mentioned in Table 1 form the basis for the efforts 

conducted within this master thesis work.  
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2.1.4 Uncertainty and variability within LCA 

One of the major challenges of the LCA methodology, is the uncertainty around it: 

Variables introduced through inventory data and methodological choices induce 

results with uncertainty, particularly in comparative contexts (Mendoza Beltran et al., 

2018). This field is a mature research field of its own (Gantner et al., 2018). According 

to Mendoza Beltran et al. (2018), a number of different types of uncertainty can be 

observed for building LCA, which is illustrated in Table 2. 

 

Table 2. Types of uncertainty in building LCA 

Type of uncertainty Description 

Parameter uncertainty Data inaccuracy, unavailability, and unrepresentative data, e.g. 
wrong inventory data, missing data or data that refers to other 
different technologies, places or temporal resolutions than the 
intended one 

Uncertainty due to 
methodological choices 

Based on the choices of practitioners along the phases of LCA 
on topics like functional units, system boundaries, allocation 
methods, impact categories and characterization methods and 
factors.  

Model uncertainty Refers to simplification aspects of LCA such as aggregation and 
modelling, e.g. linear and non-linear models, derivation of 
characterization factors or estimation of emissions with 
exogenous specialized models. 

Epistemological 
uncertainty 

The lack of knowledge on system behavior, e.g. when modeling 
future system and scenarios. 

Spatial variability The geographical context in which the building is located. 

Temporal variability The service life of building products observed and to the service 
life of the building as a whole. 

Mistakes Errors committed by the practitioner during the calculation 
process. 

 

These types of uncertainties are important to keep in mind, when attempting to 

simplify the existing LCA methodology and assess the quality of the simplifications. 

2.2 Current trends within simplification of LCA 

This paragraph investigates existing paradigms for simplifying the LCA methodology 

with focus on the early architectural design phases.  

Very similar terms will be used to describe different levels of this discourse: 

Simplification mode, simplification domain, simplification model and simplification 

parameter. Table 3 provides a definition of what exactly is understood by the different 

terms. These terms will be used extensively throughout this thesis. 

https://www.tuwien.at/bibliothek
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Table 3. Definition of terminology 

Simplification mode The degree to which the LCA methodology is simplified: 
Screening LCA vs. Simplified LCA vs. Full LCA 

Simplification domain The domains in which the LCA methodology is simplified: 
Time vs. Scale vs. Input vs. Impact 

Simplification model Concrete approach to LCA simplification with defined 
system boundaries, inventory and LCIA indicators, 
consisting of a number of simplification parameters 

Simplification parameter Single parameters of the LCA methodology – if put 
together they form a simplification model 

 

2.2.1 Simplification modes 

Major work towards an established understanding of simplification strategies for LCA 

was undertaken with the EeBGuide project, which ran from November 2011 to 

October 2012 as a coordination and support action by the European Commission 

under the Seventh Framework Programme. The goal was to develop methods, rules 

and operational guidance for the preparation of LCA studies for energy-efficient 

buildings and building product with a strong focus on applicability (Wittstock et al., 

2012). The project defined three types of LCA studies: Screening LCA, Simplified LCA 

and Complete LCA, each of which are described in keywords in Table 4. 

This classification is developed according to system boundary definition, the 

experience of the practitioner, data availability and the state of development of the 

product or the building being assessed (Soust-Verdaguer, Llatas and García-

Martínez, 2016). Table 4 provides a description of each of the three simplification 

modes as defined by the EeBGuide (Wittstock et al., 2012). 

Table 4. LCA mode definitions according to the EeBGuide 

LCA mode Description 

Screening An initial (quick) overview of the environmental impacts of a building.  

This study yields an estimate of the environmental performance, which can 
be helpful in the early stages of design. It might focus on a single indicator 
or several, and most studies should include PEnr, PEr and GWP. A screening 
study is likely to be based on generic assumptions and should thus be used 
for internal communication purposes only, e.g. to identify environmental 
optimization potentials in the early design stages or to document 
environmental performance during an architectural competition. 

Simplified Quick assessment of a building.  

This study applies a pragmatic approach and can be interpreted as an 
“adapted” LCA. A simplified LCA may consider a more comprehensive set 
of environmental impact categories than a screening LCA. National data are 
preferably, but European data are also acceptable. Studies of this type can 
be used for internal and external purposes, e.g. labelling schemes or 
certifications, or a study conducted by a stakeholder interested in getting a 
more advanced assessment than a screening.   

https://www.tuwien.at/bibliothek
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Complete Complete assessment of a building. 

This study covers the entire life cycle and yields a comprehensive view of 
the environmental performance of the building. Several scenarios for 
different assumptions on service life, energy in use, patterns of use, disposal 
and recycling. National data is required, and product-specific LCI data (e.g. 
an EPD) should be taken into account. Studies of this type should, if 
communicated externally, undergo an independent review/verification 
before communication.  

 

(Meex et al., 2018) elaborate on the EebGuide’s simplification modes of Screening 

LCA, Simplificed LCA and Complete LCA by coupling them with design phases and 

the subsequent level of detail/complexity in the following relation: Figure 7 illustrates 

the relation between design stages and simplification modes of LCA according to 

Meex et. al: 

 

Figure 7. Relation between design stages and simplification of LCA (Meex et al., 2018). 

Figure 7 shows that Screening LCA covers the initial phases of pre-design and 

concept design, Simplified LCA corresponds to the design phases developed design, 

building permit and technical elaboration, whereas a Complete LCA can only be 

calculated during the construction phase and into the operational phase. 

2.2.2 Simplification domains 

The potential for simplifying life cycle assessment within the field of building design 

can be divided into four different domains (Mora et al., 2011; Dixit et al., 2013; 

Lewandowska et al., 2015; Meex et al., 2018; Rasmussen et al., 2018): 

Time: Reduction of included stages in the LCA framework (production, 

operation and end-of-life scenario as outlined in EN 15978:2011), i.e. this 

domain focuses on the system boundaries. 

Scale: Focus shift from the whole building to subsystem, assembly or 

component. This reduction may significantly reduce the data acquisition and/or 

change the functional unit for which the LCA is carried out. 
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Input: Reduction of detail in input parameters, e.g. inventory data for building 

materials (product-specific vs. regional or generic) or simplified measures for 

operational energy, e.g. national target values or quasi-steady state methods 

(like a national energy certificate) instead of dynamic building performance 

simulation or extraction of real operational numbers from a BMS system. 

Impact: Inclusion of impact categories that are considered most relevant and 

exclusion of less relevant impact categories. This domain significantly reduces 

the results communication. 

The time, scale and impact domains can be characterized as quantifying simplification 

domains: They reduce the number of parameters included in the LCA profile, but do 

not change the quality of the data for the remaining parameters. 

The impact domain can be characterized as a qualifying simplification domain in the 

sense that it reduces the quality of the data for certain simplification parameters. 

2.2.3 Simplification models 

Simplification of LCA within the AEC industry is still in its infancy, but some researches 

have attempted to carry out studies similar to the present thesis. 

(Zabalza Bribián et al., 2009) explores possible simplification scenarios for system 

boundaries, arguing that the product stage (A1-A3) and the operational energy 

consumption (B6) are reasonable system boundaries for a simplified LCA, thus 

deploying simplifications in the time domain as defined above.  

(Kellenberger and Althaus, 2009) examines potential simplification models for the 

scale domain by providing a detailed analysis of different building components on 

different levels of simplification from a comprehensive component to a fully reduced 

component.  

(Lewandowska et al., 2015) investigates six so-called compromise solutions between 

a full LCA and an energy certificate, applying a similar methodology as the present 

study and addressing both time, input and impact domains; the study concludes that 

a simplification model comprising reduced system boundaries (A1-A3, B6, B7), but all 

inputs and LCIA indicators from a full LCA may retain an average of 90% of a full LCA 

across a range of different construction types. However, this study was designed to 

explore LCA as a more holistic approach to energy consumption assessment than an 

energy certification and thus not strictly a methodological investigation of LCA as a 

stand-alone framework. 
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A comprehensive investigation of the consequences of methodological simplification 

choices within all four domains (time, scale, input and impact) is still called for as a 

practical test of the recommendations formulated – but not substantiated – in the 

EeBGuide and other academic works within this field.   

In addition to these academic studies, a growing number of commercial tools for LCA 

is emerging. Some of these tools are BIM-integrated, some have been designed as 

part of a certification scheme and yet some are stand-alone tools or approaches 

designed for LCA in the AEC industry. All of these tools or methods are designed with 

certain assumptions as guiding principles, and most of them can thus be regarded – 

intentionally or unintentionally – as simplification models of LCA. A selection of these 

tools will serve as inspiration for finding methodological variants to be tested in this 

study.  

2.2.4 The relation between mode, domain and model 

The relation between the first three terms – simplification mode, simplification domain 

and simplification model – can best be described graphically. Figure 8 illustrates how 

simplification mode and simplification domain each define a dimension in the field of 

potential simplification; simplification models can be plotted into this field according to 

the degree of simplification (simplification mode) and which domains are being 

simplified (simplification domain). The plotted models A, B, C and D are exemplary 

and only serve the purpose of illustrating how the illustration works. They do not reflect 

any results entailed in this thesis. 

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 g
ed

ru
ck

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t a
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

in
 p

rin
t a

t T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 g

ed
ru

ck
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t a

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
in

 p
rin

t a
t T

U
 W

ie
n 

B
ib

lio
th

ek
.

INTRODUCTION 
 

 
18 

 

 

Figure 8. Relation between mode, domain and model, where the plotted models are 

exemplary to communicate the relevance of the illustration. 

This schematic representation of the simplification models does not take into account 

the possibility of a simplification model to feature simplification within several 

domains. 
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3 METHOD 

The research for this thesis deploys a multi-stage research methodology, which will 

take its point of departure in a case study. For the case study, a full-framework LCA 

calculation will be carried out, using the tool One Click LCA.  

A literature study will be conducted to map current trends within simplification of LCA; 

the purpose of this study is to gain an overview of existing simplifications models, 

which will then be used to develop simplification models for the comparative analysis 

of this thesis. The literature study comprises academic journals as well as commercial 

tools. 

The identified existing simplification strategies are compared and segmented, and 

based on this segmentation, a set of tool-independent simplification parameters are 

extracted and applied to the case study. The reason for this controlled parametric 

approach kept within the confines of a single LCA tool (One Click LCA) instead of 

applying the tools and simplification models directly is to maintain control of all 

methodological choices and avoid “black box” assessments: As shown by (Bueno and 

Fabricio, 2018) among others, LCA studies using different tools produce inconsistent 

results, thus undermining the potential for carrying out comparative studies. Aspects 

like different material databases and inclusion of different life cycle stages are obvious 

reasons for these inconsistencies (Lasvaux et al., 2015), but also different ways of 

assessing more subtle parameters like the same functional unit (e.g. 1 m2) may differ 

from tool to tool based on national/regional practice (Rasmussen et al., 2018). 

Therefore, this study incorporates methodological simplification choices identified in 

the literature study into the full-framework LCA of the case study to enable a 

comparative analysis. 

The simplified LCA results are being compared to full LCA results to assess which 

simplification strategy is more successful in reflecting full LCA results. As this analysis 

is very simple and only reflects the potential of a single parameter at a time, a method 

for combining crucial parameters into simplification models is developed, and a range 

of simplification models is investigated for their representation of a full LCA. 

3.1 Case study 

The case study is chosen with regards to the following criteria: i. It has to be a new 

building with high energy performance (no retrofitting projects), where building 

materials can be assumed to comprise a significant part of an LCA, ii. It has to be in 

https://www.tuwien.at/bibliothek
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one of the RIBA stages 5-7 (Construction, Handover and Close-Out or In Use) to 

ensure that all materials in the building are accounted for, and iii. European regional 

context to ensure LCI data availability. There are no requirements for function, size or 

occupancy profiles.  

Three different projects were available as cases for this study: Retail project Design 

Outlet Croatia in Zagreb, Croatia; residential project Islands Brygge in Copenhagen, 

Denmark; and office building Middelfart City Hall in Middelfart, Denmark. Data for all 

three could be provided through the author’s current or previous employment with 

planners in the AEC industry. 

The process of selecting the case best suited for this study included an analysis of 

available data. As Table 5 shows, the LCI was not complete for neither Design Outlet 

Croatia, nor for Islands Brygge, and a proper energy simulation only existed for 

Design Outlet Croatia. In other words, none of the cases had a complete LCI and 

high-resolution energy calculations.  

Table 5. Comparison of potential case studies 

Input 

 

Design Outlet Croatia 

 

Islands Brygge  

 

Middelfart City Hall 

LCI Not complete Not complete Complete 

Energy Simulation Energy certificate Energy certificate 

 

Based on these circumstances, Middelfart City Hall was chosen for its complete LCI, 

because a complete material inventory in combination with an energy certificate was 

considered more important for this study than a poor LCI in combination with in-depth 

energy calculations. 

The case study chosen is the newly opened city hall in the town of Middelfart, 

Denmark. It was completed in 2017 and covers 9,261 m2 of office space. It was 

awarded a DGNB Platinum certification, which was later upgraded to DGNB Diamond 

(due to its architectural quality). 
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Middelfart City Hall   

 

Location Middelfart, Denmark 

Function Office 

Gross area 9,261 m2 

Year of completion 2017 

Sustainability standard DGNB Diamond 

 

The building was designed by Henning Larsen Architects with Ramboll providing main 

engineering services. All LCI inputs were provided by Henning Larsen Architects, 

whereas key performance numbers from the energy certificate was provided by 

Ramboll. 

3.2 Full LCA study 

A full LCA was performed for Middelfart City Hall. The tool of choice was web-based 

One Click LCA, a relatively new tool on the market, but a tool that is already 

established as reliable for scopes like the present study (One Click LCA, 2018a). 

This tool was chosen for its direct application to construction projects and its extensive 

database for building products unlike generic LCA tools like GaBi or SimaPro, which 

are only partly adapted to building projects. 

3.2.1 Full-framework LCA tool 

One Click LCA is an emerging full-framework LCA tool designed specifically for the 

AEC industry. It was developed by Finnish developer Bionova Ltd. as part of the 

European research program Horizon 2020 (One Click LCA, 2018b). 

The tool is compliant with EN 15978 and by extension with the ISO 14040/44 

standard. The impact assessment methodology is CML-IA 2010 (as required by EN 

15978 and 15804). Furthermore, the tool is third-party verified for EN 15978, ISO 

21931-1, ISO 21929-1 and for input data for ISO 14040/44 and EN 15804 standards 

(One Click LCA, 2018c). 

The tool reports six different impact categories: GWP, AP, EP, ODP, POCP and PEtot, 

and the system boundaries include all modules of the LCA methodology according to 

EN 15978.  

https://www.tuwien.at/bibliothek
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3.2.2 Full-framework LCA assessment 

The template from Figure 6 based on EN 15978 is used as a checklist for inputs and 

outputs in the LCA calculation.  

Table 6. LCA processes and input according to EN 15978 requirements 

Process Input 

Purpose of 
assessment 

The purpose is to conduct a full-framework LCA of the study case 
Middelfart City Hall. This assessment will be used in a comparative 
study, where is will be used as the basecase scenario to which 
simplified life cycle calculation are compared. 

The study is to be used for an academic exercise to evaluate 
appropriateness of different LCA simplification strategies. 

The functional unit chosen for this study will be m2 to allow for a 
comparative analysis. This also reflects one of the most widely used 
functional units for LCA of buildings (Anand and Amor, 2017).  

Specification of the 
object of 
assessment 

The office building was completed in 2017 in Middelfart, Denmark as 
a “Low-energy class 2020” building under the Danish building 
regulations and with an additional ambition of DGNB Platinum 
certification, which was granted in 2017. 

The building covers a gross area of 9,261 m2 distributed over 4 levels 
arranged around a central atrium. For further detail, see plans in 
Appendix A. 

All building elements are included in the assessment, except external 
works, as they are not relevant for the current study, which focuses 
entire on the building itself. 

Scenarios for the 
building life cycle 

The baseline scenario follows the baseline scenario 
recommendations of the EebGuide, in which the following parameters 
are outlined (Wittstock et al., 2012): 

→ Service life for the entire building: 50 years 

→ Service life for building products: Default data from database (EPD 
or other approved database available through One Click LCA) 

→ Reference study period: 50 years 

→ LCA data for electricity: National (annual) average data, as they 
are available 

→ No future technological developments are assessed;  

→ Currently used technology is the basis for the assessment 

→ Transportation distance: Derived from building material 
specifications as provided by Henning Larsen Architects 

→ Carbon sequestration is not considered explicitly 

→ End-of-life-scenario: Default data from database (EPD or other 
approved database available through One Click LCA) 

Only the baseline scenario is being investigated, as this comparative 
study aims at identifying methodological simplifications rather than 
LCA impacts from different building-operational choices. 

Quantification of the 
building and its life 
cycle 

Building material specifications and quantities are provided by 
architect Henning Larsen Architects in various forms: Revit-extracts 
with materials/quantities, spreadsheet with additional building 
components and design drawings for manual assessment, see 
Appendix 0. 
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Selection of 
environmental data 
and other 
information 

Available LCI databases in One Click LCA are used. National EPDs 
are highest priority, if not available other EPDs are used. If no EPDs 
are available, national generic data are used followed by regional 
generic data. If no other data are available, One Click LCA generic 
data are used.  

All data available through One Click LCA is compliant with ISO 
14040/14044 and EN 15978 to ensure data consistency. 

Calculation of the 
environmental 
indicators 

One Click LCA automatically calculates the environmental indicators 
GWP, AP, EP, ODP, PEnr, PEr, PEtot – see results reporting in 
Appendix D. 

Reporting and 
communication 

The results for the baseline scenario (full LCA) are reported in 
absolute numbers in a graphical representation. This representation 
is in itself not very useful, but the absolute numbers will be used later 
to make a relative comparison between the baseline scenario and 
simplification scenarios. 

Verification The inputs into One Click LCA is verified on Aug. 31, 2018 by architect 
Martha Lewis of Henning Larsen Architects. Furthermore, a One Click 
LCA representative verified the calculations on as part of the student 
license agreement. 

3.3 Simplified LCA study: 1st iteration 

A literature study is conducted to map current trends within simplification of LCA, the 

focus being on existing academic models and commercial tools. The list of 

models/tools is not exhaustive, but reflects the latest endeavors pertaining to building 

LCA in the early design phases. 

The scope of each model is identified using the matrix found in Table 7, and a tabular 

overview of all models with the identified features can be found in Appendix A. 

Table 7. Matrix for identifying existing strategies and tools for simplified building LCA 

Issue Description 

Developer and Year Company/organization/author behind the strategy and 
latest year of publishing 

Geographical application Country/region included in the applicable geographical 
context 

Functional application Types of buildings included in the strategy, e.g. residential, 
educational, commercial 

Time period observed The life cycle of the building in years 

System boundaries Life cycle stages included in strategy 

Object boundaries Building components included in strategy 

LCI databases Material databases used by tool/strategy for LCI 

Functional unit Functional unit used for results reporting 

Environmental indicator LCIA indicators used for results reporting 

Communication of results Type of results communication, e.g. numerical, tabular, 
graphical  
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The study showed that within the four simplification domains, some trends could be 

detected. 

3.3.1 Segmentation of existing simplification models 

The identified simplification models are mapped according to their simplification 

properties in order to inform simplification models for the parametric study. Two 

different maps are created: Firstly, a map displaying the simplification domains “Scale” 

and “Time: The number of included life cycle stages as a function of the number of 

included components – see Figure 9. Secondly, a map displaying the simplification 

mode (screening/simplified/full) as a function of the simplification domain “Impact”: 

The number of included LCIA indicators – see Figure 10. 

The study showed that within the four simplification domains, some trends could be 

detected. 

 

Figure 9. Graphical representation of simplification models: Simplification domains „Time“ 
and „Scale“.  
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For the time domain, the life cycle stages as defined in ISO 14040 (ISO 2006) A1-A3, 

B2-B4 and C1-C4 (in that order) were most prone to being included in the calculation. 

In the scale domain, the dominant number of building components included in the 

calculation was user-defined – about half of the investigated simplification models did 

not mandate specific components to be included, but left it to the user. The other half 

with a defined number of included building components was dominated by 9 to 10 

defined building components. 

 

Figure 10. Graphical representation of simplification models: Simplification modes as a 

function of simplification domain „Impact“. 

In the input domain, no clear trends could be identified. In spite of the ISO 14000 

family’s emphasis on EPDs, only three models use EPDs directly for their inventory. 

See Table 8. However, several of the databases include EPDs as part of their 

datasets along with self-declared LCA-profiles.  

Table 8. Relation between material databases and simplification models 

Material database No. of models 

EPD 3 

Ökobaudat 2 

Ecoinvent 2 

GaBi 1 

Esuco 1 

NMD 1 

World Steel 1 

IBO 1 
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Baubook 1 

User-defined 1 

 

In the impact domain, the dominant number of environmental impact indicators was 

centered around 7 and 8 included indicators. Of these, GWP and AP dominated, 

followed by ODP, POCP and EP. PEnr was included in six simplification models, while 

PEr and PEtot were included in only 4 and 3 models, respectively. See Figure 11. 

 

Figure 11. Prevalence of environmental indicators in existing simplification strategies 

Furthermore, most models can be clearly defined as either an LCA screening or a 

simplified LCA according to the guidelines in the EebGuide (Wittstock et al., 2012). 

Only two models are flexible in their entire scope. 

3.3.2 Simplification parameters 

Based on the above mapping, a set of simplification parameters are identified to be 

tested individually on the case study. This set of parameters is perceived as very 

simple models, which each test a certain feature of a single simplification domain. 

The parameters are derived from methodologies deployed in the identified tools along 

with findings and recommendations from academia, e.g. EebGuide (Wittstock et al., 

2012) and (Meex et al., 2018). Figure 12 only includes parameters found in 

simplification tools – it is not an exhaustive list of all possible LCA parameters. 
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Figure 12. Simplification parameter extracted from existing simplification tools 

The strategies are applied to the case studies using One Click LCA to keep LCI data 

fixed and avoid discrepancies between full LCA and simplified LCA due to different 

life cycle inventories. 

3.3.3 Simple statistical evaluation of simplification parameters 

Each of the 23 parameters are evaluated using simple statistical measures: Average 

and median. The average is used to represent how much impact each simplification 

parameter constitutes of a full LCA (for the quantifying simplification domains of time, 

scale and impact) across the environmental impact parameters or how well it 

represents a full LCA (for the qualifying simplification domain of input). The median is 

used to assess the distribution correspondence of each model across the 

environmental impact indicators. 

Based on these simple measures, the models which constitutes the largest portion of 

a full LCA (quantifying simplification domains) or have the highest correspondence 

with a full LCA (qualifying simplification domains) can be chosen for further 

processing. 
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3.4 Simplified LCA study: 2nd iteration 

The second iteration takes the most significant parameters of the full-framework LCA 

and combines them into simplification models, which are again applied to the case 

study.  

3.4.1 Synthetization of new simplification models 

The most significant parameters within each domain (time, scale, input, impact) are 

identified using simple, statistical measures like mean and median. These parameters 

are combined into simplification models using the methodology from the EeB 

Guideline that distinguishes between Screening and Simplified input levels on one 

hand, and combining these levels with either a building material-centric focus, an 

energy-centric focus or a combined building material and energy focus on the other 

hand. 

The exact parameters in play for the second iteration depends on the results from the 

first iteration; therefore, the exact parameters will only be presented in the Results 

chapter below. 
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4 RESULTS 

The results for the baseline scenario are communicated numerically with absolute 

numbers for environmental impact within the LCIA indicators given in One Click LCA. 

The results for the parameter studies and the simplification models are communicated 

graphically through the full scope of LCIA indicators as given in One Click LCA (except 

simplification parameters 18 to 23, which investigates simplification within the Impact-

domain – they are already given in One Click LCA). The graphs for the simplification 

parameters and the models are communicated as a relative impact based on the 

baseline scenario, in which all impact categories are 100%.  

Parameter 16 (energy certificate instead of full-fledged energy simulation or actual 

energy performance extracted from the BMS) has not been investigated, as general 

planning practice at the time only prescribed a dynamic energy simulation for crucial 

rooms1 and not the building as a whole. See Paragraph 3.2 Case study for further 

justification. Therefore, all calculations – including the full-framework LCA – takes the 

energy certificate as its baseline for input into module B6 in the LCA methodology. 

4.1 Full-framework LCA 

The results from the full LCA calculation are taken directly from the One Click LCA 

webtool, which reports GWP, AP, EP, ODP, POCP and PEtot. PEnr and PEr are not 

explicitly stated but can be found in the Detailed Report, which can be downloaded in 

.xlsx-format (see full report in Appendix D). The numerical outputs are as follows in 

Table 9, and reflects environmental impact of the entire building: 

Table 9. Results reporting: Full LCA 

LCA 
indicator 

Output 

GWP 7.14E6 kg CO2 equivalents 

AP 3.06E4 kg SO2 equivalents 

EP 4.43E3 kg PO4 equivalents 

ODP 3.02E1 kg CFC11 equivalents 

POCP 2.21E3 kg Ethene equivalents 

PEtot 1.16E8 MJ 

PEnr 9.09E7 MJ 

PEr 2.52E7 MJ 

 
1 This was related by the responsible engineer from Ramboll in an email on December 7, 2018. 
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One Click LCA also delivers graphical representation of the results; Pie charts 

describe the relative distribution of environmental impact on each life cycle stage per 

indicator, bar charts describe the relative environmental impact is presented for each 

indicator in each life cycle stage, and cumulative bar charts describe the absolute 

impact of each component group and each life cycle stage for individual impact 

categories.  

However, for this study only the absolute numbers for each environmental impact 

indicator are relevant; the graphical representations offered by One Click LCA serves 

the planner with crucial information about optimization potentials – very important 

during the planning process, but not relevant for the current study. Therefore, this 

results paragraph includes only absolute numbers for each indicator. 

4.2 Investigation of simplification parameters 

The simplification parameters are modelled in One Click LCA, upon which the 

environmental impact of each indicator is calculated. These numerical results are 

adjusted graphically to represent the relative impact of each indicator compared to 

the full LCA. 

4.2.1 Time domain 

The first six models belong to the time domain, in which different combinations of 

excluded life cycle stages are investigated (see Figure 13); the results are show in 

Figure 14: 

 

Figure 13. Recapitulation of simplification parameters within the TIME domain 
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Figure 14. Simplification parameter 1: TIME domain 

Figure 14 shows that the dominating life cycle stages are A1-A3 (building material 

extraction, transport to manufacturer and production) and B6 (environmental impact 

from building operation in the use phase). Life cycle stages B1-B5 (environmental 

impact of maintenance, repair and replacement of building materials during the use 

phase) and D (benefits and loads beyond the system boundary) has some 

significance too, whereas life cycle stages A4 (transport of building materials from 

manufacturer to construction site) and C1-C4 (environmental impacts of end-of-life-

scenarios for building materials) have only little or no significant impact on the entire 

LCA profile of the building. Numerically, the relative impact of each life cycle stage on 

each environmental impact indicator can be found in Table 10:  

Table 10. The relative impact of each life cycle stage on each impact indicator 

Life cycle stage GWP AP EP ODP POCP PEnr PEr PEtot 

A1-A3 44% 37% 32% 99% 44% 38% 22% 35% 

A4 3% 2% 2% 0% 1% 4% 1% 3% 

B1-B5 12% 15% 15% 0% 19% 15% 9% 14% 

B6 31% 40% 42% 1% 29% 31% 62% 37% 

C1-C4 1% 1% 1% 0% 1% 1% 0% 1% 

D -9% -5% -8% 0% -6% -11% -6% -10% 

 100 % 100% 100% 100% 100% 100% 100% 100% 

 

Note that the results for life cycle stage D (reuse, recovery and recycling potential) 

has been given as a negative percentage, signifying that this life cycle stage removes 

environmental impact from this product system through reuse, recovery and recycling. 

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 g
ed

ru
ck

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t a
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

in
 p

rin
t a

t T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 g

ed
ru

ck
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t a

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
in

 p
rin

t a
t T

U
 W

ie
n 

B
ib

lio
th

ek
.

RESULTS  
 

 
32 

 

4.2.2 Scale domain 

The scale domain investigates the importance of included and excluded building 

components. See Figure 15: 

 

Figure 15. Recapitulation of simplification parameters within the SCALE domain 

Figure 16 shows that horizontal structures, façade and interior walls constitute the 

main environmental impact of the selected building components. Overall, the selected 

components are responsible for 30-45% of the building’s entire environmental impact 

over its life cycle depending on indicator. Only the indicator ODP is significantly 

deviating from this trend.  

 

Figure 16. Simplification parameters 7 to 12 in the scale domain 

The parameters unaccounted for in this parametric study is operational energy, 

building services and other materials. 

4.2.3 Input domain 

The input domain investigates the importance of the detail level of the input data. See 

Figure 17. 
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Figure 17. Recapitulation of simplification parameters within the INPUT domain 

Figure 18 shows the relative environmental impact of using national performance 

targets for energy performance compared to the actual performance. The general 

correspondence is higher than 90% of that of a full LCA; only PEtot is deviating slightly 

from this trend. 

 

Figure 18. Simplification parameter 13: National performance targets for energy performance   

Figure 19 shows the relative environmental impact of substituting precise LCI data 

(product-specific EPD or local generic data) with regional generic data based on 

regional averages. The results show that the total outputs are generally higher with 

regional generic datasets for LCI compared to product-specific LCI data. Especially 

the most frequently reported environmental indicators of GWP and PEtot are 

significantly higher than the full LCA. 
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Figure 19. Simplification parameter 15: Generic LCI data 

4.2.4 Impact domain 

The impact domain investigates the importance of the environmental impact 

indicators (see Figure 20). The results here are mundane (see Figure 21), as no 

parameters in the calculation itself has been altered, but they have been included in 

this study to respect the methodology and the literature studies, upon which the 

methodology is based.  

 

Figure 20. Recapitulation of simplification parameter within the INPUT domain 
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Figure 21. Simplification parameters 16 to 21 in the impact domain 

From this point on, the impact domain will be discarded as a simplification domain 

relevant for carrying out building LCA from the perspective of a planner. In the 

Discussion chapter, this domain will be discussed more in depth in terms of how it 

may be relevant as a simplification domain for LCA.  

In order to better assess how much of a full LCA the simplification parameters 

constitute, statistical analysis, especially sensitivity analysis is applied in the next 

section. 

4.3 Simple statistical evaluation 

To better understand the correspondence of each simplification parameter to a full 

LCA, the simple step of applying mean and median to each parameter across the 

indicators is conducted. Table 11 shows that within the time domain, the life cycle 

stages A1-A3, B1-B5 and B6 constitute the highest share of a full LCA profile with 

averages of 44%, 12% and 34%, respectively. For the scale domain, the building 

components with the most environmental impact across the indicators are the 

horizontal structure with an average of 29%, the interior walls with 6% and the façade 

with 5%. For the input domain, a simplified energy performance profile corresponding 

to the national target values reflects 82% of the full LCA profile, whereas a generic 

LCI reflects 134% of a full LCA.  
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Table 11. Mean and median for each of the first iteration simplification model. 

Domain Model Mean Median 

Time 

1: A1-A3 44% 37% 

2: A4 2% 2% 

3: B1-B5 12% 14% 

4: B6 34% 35% 

5: C1-C4 1% 1% 

6: D -7% -7% 

Scale 
7: Vertical structure 1% 1% 

8: Horizontal structure 29% 16% 

 9: Façade 5% 6% 

 10: Foundation 3% 3% 

 11: Interior walls 6% 7% 

 12: Surface materials 3% 3% 

Input 

13: National target 82% 92% 

14: Energy certificate 100% 100% 

15: Generic LCI 134% 133% 

 

In general, the median is very similar to the mean, illustrating that the distribution of 

numbers is rather symmetrical around the mean.  

4.4 Synthetization of simplification models 

Based on the evaluation on the individual simplification parameters, the impact 

domain is discarded as meaningful simplification domain for this study: The presence 

of certain environmental indicators available for an LCA is dictated by the chosen tool 

and/or database for LCI. It makes no difference to the workflow of the LCA 

practitioner, whether certain indicators are included or not. Therefore, the 

simplification potential for a simplified LCA workflow for building design of the impact 

domain is deemed obsolete and will not occur in the following synthetization of 

simplification models. 

As a result, only the time, scale and input domains are deemed relevant for a 

simplified methodology to assess the life cycle impact of buildings in the early design 

phases. Based on the results in sections 4.2 and 4.3, the following parameters are 

chosen for further processing: Life cycle stages A1-A3, B1-B5 and B6, national target 

number for energy performance as well as energy certificate and lastly, a generic LCI 

for building materials. For the scale domain, two different scenarios for inclusion of 

https://www.tuwien.at/bibliothek
https://www.tuwien.at/bibliothek


D
ie

 a
pp

ro
bi

er
te

 g
ed

ru
ck

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t a
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

in
 p

rin
t a

t T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 g

ed
ru

ck
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t a

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
in

 p
rin

t a
t T

U
 W

ie
n 

B
ib

lio
th

ek
.

RESULTS  
 

 
37 

 

selected building components are determined based on the case study and the 

literature review of existing simplification tool; see Table 12: 

Table 12 Definition of scenarios for the scale domain 

Scenario Included building components 

Light Vertical structure – horizontal structure – façade – windows 

Medium Vertical structure – horizontal structure – façade – windows – 
foundation – interior walls – surface materials 

 

If combining these parameters into models in which time, scale and input (energy 

performance) are mandatory simplifications, a total number of 12 models are possible. 

If adding the simplification parameter of generic LCI as opposed to a full LCI, the total 

number of models increases to 24 – see Figure 22. Even though the generic LCI 

overshoots the full-framework LCA with app. 30% and thus is not an optimum way to 

simplify building LCA, this parameter has been included in the second iteration in 

recognition of generic data being the reality of the early design process, where only 

little is known about the LCI. 

 

Figure 22. Combination of simplification parameters to form simplification models results in a 

maximum of 24 different possible models 

However, not all 24 models are equally meaningful, as they combine different levels 

of complexity, which may not represent a realistic workflow or the increased level of 

knowledge and data with time and progress. Instead of testing all 24 models on the 

case, six different models are chosen for further testing. The guiding principle for 

choosing these six models is an even level of complexity for all parameters: Two 

different levels are applied (screening and simplified as per EeBGuide’s definition), 

and on these two levels, three different life cycle foci are investigated: Building 

materials vs. energy performance vs. a combination – see Figure 23.   
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Model focus Building materials Operational energy Building materials/ 

operational energy 

Screening 

Models A – B – C  

   

Simplified 

Models D – E – F  

   

Figure 23. The six simplification models chosen for further processing   

These six simplification models are applied to the case study.  

Figure 24 shows the results for the screening models: Model A – addressing cradle 

to gate impacts from building materials – has a mixed correspondence with a full LCA 

across the indicators with most indicators in the range 40-60%. Model B – addressing 

operational life cycle – has a rather poor correspondence with a full LCA. The 

combination of the two – model C shows a good correspondence across the 

parameters with an error margin of <30% compared to a full LCA. 

 

Figure 24. Screening models A (building material focus), B (operational energy focus) and C 

(building materials and operational energy) 

The results of the simplification models are shown in Figure 25: Model D – addressing 

life cycle modules A1-A3 and B1-B6 – shows a correspondence of a rough 30% with 

a full LCA with only the indicator ODP being significantly different. Model E – 

addressing operational energy – has a very similar profile. Model F – combining 

production and maintenance of materials and operational energy – has a consistent 

65-70% correspondence with a full LCA, again with ODP as only outlier.  
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Figure 25. Simplification models D (building material focus), E (operational energy focus) 

and F (building materials and operational energy) 

Models B and E – only addressing operational energy, but with different energy 

performance KPIs and product LCI – are very similar in how they reflect a full LCA 

across the indicators.  

For models including building materials, there is a clear difference between screening 

models and simplification models. The main reason for the difference between 

screening and simplification models that involve building products can be ascribed 

the generic LCI for the simplified models vs. the real LCI for the screening models. 

However more imprecise the screening models are, screening model C performs 

better in terms of correspondence with a full LCA than simplification model F. Whether 

this is a mere coincidence or a valuable observation for future simplification models, 

will be discussed in the next chapter.    

4.5 Sources of error 

The most significant source of error is undoubtedly the correctness of LCI data: A 

range of installed products could not be found with product-specific data in the 

available databases, which is why a similar local product or generic data had to be 

used. 

In particular, the databases available for building services were widely inadequate; 

almost no regional data existed, and entire components were missing from the 

databases. Therefore, the case study results for building services should be regarded 

with care. However, the results correspond with findings in other studies: (Passer et 

al., 2012) found that building services comprised 2-33% of environmental impacts 

stemming from construction products for five residential buildings, and (Chau et al., 

https://www.tuwien.at/bibliothek
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D
ie

 a
pp

ro
bi

er
te

 g
ed

ru
ck

te
 O

rig
in

al
ve

rs
io

n 
di

es
er

 D
ip

lo
m

ar
be

it 
is

t a
n 

de
r 

T
U

 W
ie

n 
B

ib
lio

th
ek

 v
er

fü
gb

ar
.

T
he

 a
pp

ro
ve

d 
or

ig
in

al
 v

er
si

on
 o

f t
hi

s 
th

es
is

 is
 a

va
ila

bl
e 

in
 p

rin
t a

t T
U

 W
ie

n 
B

ib
lio

th
ek

.
D

ie
 a

pp
ro

bi
er

te
 g

ed
ru

ck
te

 O
rig

in
al

ve
rs

io
n 

di
es

er
 D

ip
lo

m
ar

be
it 

is
t a

n 
de

r 
T

U
 W

ie
n 

B
ib

lio
th

ek
 v

er
fü

gb
ar

.
T

he
 a

pp
ro

ve
d 

or
ig

in
al

 v
er

si
on

 o
f t

hi
s 

th
es

is
 is

 a
va

ila
bl

e 
in

 p
rin

t a
t T

U
 W

ie
n 

B
ib

lio
th

ek
.

RESULTS  
 

 
40 

 

2007) found that building services accounted for app. 30% of total life cycle impacts 

for a commercial building. 

Furthermore, input of distance in the transportation module A4 was carefully carried 

out for sake of precision, but some inputs are guesstimates, as neither the author, nor 

the contact person at Henning Larsen Architects were privy to all the building 

materials’ location of origin. However, the importance of module A4 is widely 

questioned within the LCA community and several scholars argue that the impact from 

this module is negligible (Buyle et al., 2013; Marsh, 2016).
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5 DISCUSSION 

This study focuses on the challenges regarding simplification of life cycle analysis 

within the building industry. However, it is important to distinguish between the 

challenges of the simplifications and immanent challenges of the LCA methodology, 

of which scholars generally agree are quite a few (Zabalza Bribián et al., 2009; Buyle 

et al., 2013; Meex et al., 2018).  

General problems of the LCA methodology include the lack of standardized range of 

impact indicators and normalization factors, the availability and uncertainty of 

inventory data and the requirements for experience with tools and calculations, which 

are still not widely spread. Table 13 shows a summary of limitations of life cycle 

studies as decision making support tools: 

Table 13 Summary of limitations of life cycle studies as decision making support tools 
according to (Chau et al., 2015) 

Category Limitations 

Boundary scoping Only focuses on environmental impacts 

Some environmental qualities such as indoor air quality are not 
included 

Economic and social dimensions of sustainability are not 
included 

Environmental impacts are assumed to be constant over time 

Geographic site-specific factors are not included 

Medium Different tools may include different types of impact categories 

Different studies may adopt different normalization factor, 
grouping or weighting methods 

Different studies may have different assumptions on building 
configurations, climate conditions, etc. 

Assumptions in studies may lead to uncertainties 

Methodology 
framework 

Materials/products from different manufacturers cannot be 
compared 

A lack of inventories for new innovative materials 

Availability and uncertainty of inventory data can affect results 

Practices The lack of benchmarks in LCA 

Life cycle evaluations of buildings are more complicated than 
conventional produces 

Reluctance to move design timeline 

A lack of chain management responsibilities 

 

A simplified LCA will by the nature of things inherit these immanent problems. It is 

thus important to distinguish between challenges imposed by the “mother 

methodology” and challenges occurring from simplification of this methodology.  

https://www.tuwien.at/bibliothek
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An important point made in the EeBGuide is that cut-off rules should not be used to 

hide results (Wittstock et al., 2012); the same thing goes for a simplified LCA, which 

essentially is an LCA with more extensive cut-off rules than what normally applies. 

The following paragraphs are each dedicated to discussing the challenges and 

opportunities of each of the simplification domains. Eventually, the overall potential 

for simplification of LCA is discussed. 

5.1 Time 

The study shows that the by far more important life cycle stages are A1-A3 (production 

of materials – 44% of a full LCA) along with B6 (operational energy – 34% of a full 

LCA). This picture puts the emphasis on the initial material impact, with very little 

contribution to overall environmental impacts from recurring impacts (12% of a full 

LCA) and almost no contribution from demolition impacts (-7% of a full LCA). 

However, this picture may be painted with a broken brush: EN 15804 (EN 2012) states 

that EPDs are only obligated to include A1-A3 with voluntary inclusion of remaining 

life cycle stages (see Figure 26). So even though the use of EPDs for life cycle 

analysis is highly encouraged and preferred by many tools over commercial or 

national material databases (e.g. Lasvaux et al., 2014; Meex et al., 2018), many 

recurring and demolition impacts are not accounted for in the final LCA calculation. 

This, however, does not show weakness in the LCA method, but in the current 

standard of EPDs and databases in general. Nonetheless, it highly affects the 

reliability of the LCA calculations and thus also the simplification results. 
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Figure 26. Life cycle stages to be included in an EPD according to EN 15 804:2012. 

The combination of the case study results and EN 15804:2012 guidelines makes a 

case for the inclusion of A1-A3 in simplified LCA models. For this case study, life cycle 

stages A1-A3 constitutes around 64% of total impacts from materials (initial, recurring 

and demolition). This is but a black box conclusion, as it is not clear how many 

recurring and demolition impacts have in fact been included in the calculation. Even 

though all inputs can be scrutinized in One Click LCA’s detailed report, it cannot be 

determined whether a material indeed doesn’t have any recurring or demolition 

impacts, or if it is simply lacking information in the EPD or the database.   

However, the latest amendent to EN 15804:2012 from 2018 – currently under revision 

and thus not fully implemented yet – fundamentally changes this premise: When this 

amendment becomes effective, EPDs will have to include stages C1-C4 (end of life 

stages) and D (benefits and loads beyond the system boundary) for all types of EPDs, 

and additionally B1-B7 for cradle-to-grave EPDs (see Figure 27). 
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Figure 27. Life cycles stages to be included in an EPD according to EN amendment 

15804:2018 

This amendment is a game changer for LCA in general and simplified LCA in 

particular: The life cycle stages included in the simplified LCA should be revised 

compared to the findings in this case study. For now, the results of this study can be 

taken for valid, as there will likely be a transitional period from the commencement of 

this amendment to a full implementation due to EPDs being valid for five years before 

mandatory reissuance.  

Life cycle stage B6 (operational energy) has been the favorite child of sustainability 

planners for decades as described in the Introduction; this case study showed that it 

remains an important aspect of LCA even for a state-of-the-art low-energy building 

like Middelfart City Hall with the highest possible DGNB rating. However, the trend is 

clear: Moving toward zero-energy buildings, embedded energy (i.e. energy relating to 

building materials) takes over the leading role, and eventually operational energy will 

be phased out, as shown on Figure 28. 
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Figure 28. The relation between embedded and operational energy in DGNB-certified 

buildings (DGNB 2018) 

For now, though, this study indicates that operational energy – with app. 34% of all 

environmental impacts of the building – should still be included in a simplified LCA. 

Taking these observations into account, it can be concluded that if a tool like One 

Click LCA is used for LCA studies, no major changes in the tool are required, as the 

tool already includes all life cycle stages for embedded and operational energy alike. 

However, if dedicated simplification tools are used, the LCA practitioner needs to be 

even more aware of the applied cut-off rules; of the 10 simplification tools reviewed in 

this study, none of them includes all the life cycle stages, which will be mandatory for 

EPDs with EN 15804:2018. Especially a tool like the OI3 index, which only includes 

A1-A3, will reflect only a limited part of realistic conditions. 

5.2 Scale 

This simplification domain is perhaps the most interesting domain for LCA 

practitioners, as the most time-consuming task of carrying out an LCA is to determine 

the material quantities (Meex et al., 2018). This is also the domain, in which most 

variations in terms of simplification can be made, depending on which components 

are included and which are excluded from the calculation. 

The distribution of impact from each group of components can be directly extracted 

from One Click LCA – see Figure 29.  
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Figure 29. Graphic extracted from One Click LCA describing the buildings components with 

most environmental impact for each of the six indicators evaluated 

The picture is very clear: Based on this case study, the building components with the 

most environmental impact are vertical structures and façade, horizontal structures 

(beams, floors and roofs) and building services. All other material groups comprise 

app. 10% or less of the entire environmental impacts for each indicator. 

Vertical and horizontal structures is no surprise from a common-sense perspective: 

These are the components with the most significant volume and mass in the building. 

These components are also unanimously included in all existing simplification models 

and tools reviewed. 

Building technology, however, is the wild-card of this case study: It is a solid no. 3 in 

the race for most significant environmental impact of the building components and 

even takes the leading position for EP. This is rather unknown territory for LCA as a 

research field, as technical equipment is only rarely included in LCA calculations, 

simplified or full (Passer et al., 2012; Röck et al., 2018). For simplified LCA, it is often 

the consequence of early design stage lack of knowledge about technical systems. 

Basbagill et al. states that “the least important material decisions are related to doors, 
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stairs and service equipment” (Basbagill et al., 2013). The recommendation in the 

EeB Guide is that technical equipment be included if data is available at the European 

or national level, but this is only seldom the case (Chau et al., 2007); none of the 

reviewed simplified LCA tools included building services in the calculation, although 

this case study found that building services accounted for a significant part of the 

environmental impacts as shown in Figure 29. In the Results chapter, other studies 

were cited to support the range of impact of building services on the case study. These 

studies show that building services have a significant impact on total life cycle impacts 

and can only be expected to increase in the future, where zero-energy buildings call 

for energy-producing building components and sophisticated ventilation systems.  

Also surprising is that windows are not in the top five of environmental impact. Several 

of the reviewed simplification tools include windows as a mandatory building 

component for simplification of LCA, but for this case study windows and doors 

comprise 0-4% for each indicator of the total environmental impact of the building over 

its life cycle. 

On a more general level, the extraction of materials quantities may enter a new era 

with the emerging of solid BIM LCA tools, where a plug-in to the BIM model evaluates 

LCA data (like Tally or CAALA), or where quantities can be exported from a 3D model 

and imported into LCA tools directly like it is the case with One Click LCA. There is 

extensive research on the topic of BIM and LCA, which cannot even begin to be 

reported in this study – but the trend is clear: It is a matter of time and development 

before solid tools and scripts will ensure that BIM is able to convincingly carry out the 

tedious exercise of defining material quantities, which will save the LCA practitioner a 

significant amount of time (Zabalza Bribián et al., 2009; Meex et al., 2018) thus 

making the prospects for integrated LCA much better. 

5.3 Input 

The input domain suggests a reduced data complexity for energy key figures and LCI 

data. The case study shows that the first aspect – as illustrated in simplification 

parameter 9 with national target values for energy consumption – is a powerful 

simplification strategy, as it eliminates the building designer’s requirement for a 

preliminary energy calculation. The results show that compared to a final energy 

certificate there is not much difference.  

The mandatory next question is how the results of this case study compares to a 

dynamic energy simulation or actual performance figures measured by an onsite 
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BMS. This theme has been and continues to be a major research field with numerous 

studies establishing that dynamic simulations are superior to steady-state energy 

calculations as used in the generation of the energy certificate (Housez et al., 2014).  

The major drawback of using a simplified energy performance profile like a national 

performance target is that while the energy consumption overall may be very similar 

between the performance target and the actual consumption, the distribution of 

energy sources is lost for the national performance target. This has implications for 

the LCA profile, if PEr and PEnr are deemed relevant for the results reporting. 

The energy certificate, on the other hand, report key performance indicators for 

renewable and non-renewable energy consumption alike. Furthermore, it is 

reasonable to expect a preliminary energy certificate to be carried out early in the 

design process to calibrate the design in terms of energy performance. As no general 

conclusions could be established for this case study regarding the accuracy of an 

energy certificate compared to a dynamic simulation or the actual performance, this 

area reveals itself as a candidate for further research. 

The second aspect – as illustrated in simplification parameter 15 with generic LCI 

instead of product-specific LCI – is a true dilemma: On one hand, it is one of the most 

realistic simplification scenarios in the sense that in the early design phases no 

specific products are known and the use of a generic LCI profile is a useful alternative 

for the sake of an LCA. On the other hand, based on this case study, a generic LCI 

results in a >30% higher environmental impact across the impact indicators. It is not 

necessarily the magnitude of this deviation, but rather the operational sign: It is the 

only simplification parameter, which increases the environmental impact, and if 

combined with other simplification parameters like Screening models A, B and C, the 

respective error margins end up canceling out each other, landing the screening 

models closer to a full LCA than the more thorough simplification models (see Figure 

24 and Figure 25). While this is very convenient from a practical standpoint, it is 

scientifically a slippery slope.  

However, generic LCI is difficult to sidestep: Often the planner is not privy to deciding 

or knowing exactly which building products are to be installed in the building; typically, 

the general contractor is responsible for sourcing building products that correspond 

to requirements established in the tender. Therefore, an LCA – full or simplified – 

carried out before the bill of quantities is finalized is subject to uncertainty.   
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The only sensible solution to this dilemma is the development of solid, generic LCI 

data sets that can support LCA in the early design phases without significantly 

skewing the results.  

5.4 Impact 

The impact domain has proven to be not as such a simplification domain as originally 

stated by (Mora et al., 2011) as a reporting domain. Which of the 20+ LCIA indicators 

should be meaningfully reported for simplified LCA in the AEC industry?  

Marsh convincingly answered this question in his 2016 study, in which GWP, AP and 

PEtot were named most significant (Marsh, 2016). Other scholars narrow the field even 

more, and the dominant articulation of this matter in the extensive work carried out as 

part of the International Energy Agency’s EBC Annex 57 in the same period as 

Marsh’s study is EE (Embodied Energy) and EG (Embodied Greenhouse gas 

emissions), i.e. PEtot and GWP. 

For building services, the most important contribution to the environmental indicators 

results are in the impact categories eutrophication potential (EP), acidification 

potential (AP), and formation potential of tropospheric ozone photochemical oxidants 

(POCP), mainly due to the use of primary copper (Passer et al., 2012); this speaks 

for a broader LCA profile than suggested by Marsh and Rasmussen et al., depending 

on the scope of the LCA. 

However, this discussion lacks relevance as most material databases include a wide 

range of environmental indicators in their datasets, and it is thus a question of which 

of these indicators are reported by the simplification tool used. As stated in the review 

of existing simplification tools, most tools report 7 or 8 environmental impact 

indicators, allowing for a thorough investigation of different environmental impact 

categories.  

This simplification domain would be much more interesting, if this study had taken a 

consequential approach that included endpoint categories: In that case political 

climate targets could be pursued, and findings could be used to establish a strategy 

for environmental impact of the built environment as a whole.  

5.5 Simplification in general 

A general observation is that all LCA exercises are in principle simplified: Whether it 

is the system boundaries, the LCI or operational energy input, there will most likely 

https://www.tuwien.at/bibliothek
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always be missing or adapted data, intendedly or not. Absolutism has no place in the 

LCA research field.  

For this reason, it may be helpful to draw on a terminology from the BIM world, where 

the concept of LOD – level of development – defines the minimum content 

requirements of the building components at five progressively detailed level of 

completeness: From LOD 100 to LOD 500 (AIA, 2013a; AIA, 2013b). Cavalliere et al. 

remarks that only four out of 24 BIM-based LCA studies have a defined LOD 

(Cavalliere et al., 2019); this remark is interesting to this thesis for two reasons: 

i. The four studies with a declared LOD use either LOD 200 to support early 

environmental analysis or LOD 300 to support detailed analysis. In other 

words, the LOD 200 entails approximate geometry and describes the model 

as a generic system, object or assembly with approximate quantities, size, 

shape, location, and orientation, whereas the LOD 300 entails precise 

geometry and describes the model as a specific system, object, or assembly 

accurate in terms of quantity, size, shape, location and orientation (Natspec, 

2013). This definition corresponds to that of the EebGuide, with LOD 200 

corresponding to a screening LCA and LOD 300 corresponding to a 

simplified LCA. 

ii. The remaining studies – 20 out of 24 reviewed – have no declared LOD. This 

brings into question, whether all building components were assessed using 

the same degree of detail. As Cavalliere et al. remarks, “the structure is 

typically defined with a higher detail in the early design stages because a 

structural calculation is needed, but the interior finishing is defined late. The 

type of paint may only be defined during the construction phase because the 

client has not decided before.” (Cavalliere et al., 2019). Figure 30 shows how 

different group of building components tend to increase in LOD at different 

design stages:  
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Figure 30. Design process and LODs for different construction categories. (PP) Project 

Planning, (P) Project, (BPA) Building Permit Application, (T) Tendering and (C) Construction. 

Illustration from Cavalliere et al., 2019. 

The first aspect on the list above supports – if using the concept of LOD as a 

framework for a simplified LCA model – the definitions of the EeB Guide in terms of 

level of detail.  

The second aspect calls for an iterative LCA modeling paradigm: For a true integrative 

LCA design process, the concept of LOD could be used as a framework for an 

iterative, simplified LCA model, which addresses increasing levels of development 

with increased complexity in LCA modelling. The IED design method – Integrated 

Energy Design – is an established design method based on an iterative process to 

increase the operational energy performance of a building design (Jørgensen et al., 

2009) and is largely adapted by the commercial building industry. It is only fair to 

expect a similar iterative framework for embedded energy and greenhouse gas 

emissions, and the LCA methodology – with its vast opportunities for simplification – 

provides an excellent framework for this discourse. 

However, the incentive to carry out these calculations is lacking: Meex et al. points 

out that a “European indicator describing the “environmental-friendliness” of a building 

in a single score is still missing” (Meex et al., 2018). This statement honors the 

European-wide energy certificate, which is universally known and uniformly 

communicated, albeit with different national target values and calculations of key 

figures. The notion of such an indicator does exist: Certification schemes like DGNB 

work with benchmark values for individual components, permitting a rating of each 

assessed component in terms of environmental performance. These benchmark 

values, however, are deeply buried inside DGNB-designed and maintained 

calculation tools and are not available to the general public. 
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A major European-wide initiative on the LCA scene is Level(s), a voluntary reporting 

framework to improve the sustainability of buildings (Dodd et al., 2019). Level(s) has 

six macro-objectives (see Figure 31), which can be assessed on three different levels: 

Common, comparative and optimized performance assessment (Dodd et al., 2019). 

Level(s) is currently half-way through its pilot phase, which started in April 2018, and 

the framework has an expected finalization in the spring of 2020. 

 

Figure 31. The six macro-objectives of the Level(s) framework (Dodd et al., 2019) 

The tool does not quite promote an integrative process, but it does hint at this idea 

with the increasing levels of data requirements – see Figure 32.  

 

Figure 32. The three levels of performance assessment in the Level(s) tool (Dodd et al., 

2019) 
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However, the introduction papers are not explicitly encouraging the LCA practitioner 

to apply all three levels to a building, as the design process progresses. The scope of 

Level(s) is instead broader than that of an LCA, as it includes social and economic 

indicators for sustainability too. Given that it operated on three different levels, it is fair 

to interpret Level(s) as an updated successor to the EeB Guide, pointing out new 

directions for simplified LCA – directions that also include social and economic 

aspects of sustainability in the built environment. 
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6 CONCLUSION 

This thesis outlined the increase in academic and commercial interest for embodied 

energy using life cycle analysis as its framework, and the opportunities for overcoming 

some of the obstacles of this complex methodology by means of simplification within 

four different simplification domains: Time, Scale, Input and Impact. 

A literature study revealed that existing simplification strategies move freely and 

seemingly randomly within in the four simplification domains, including and excluding 

certain simplification parameters without any obvious underlying logic. There were, 

however, similarities in which simplification parameters were including in the 

simplification strategies, enabling the author to detect certain trends for each 

simplification domain. For instance, all simplification models included life cycle stages 

A1-A3 (extraction and production of materials) as well as the building components 

external walls, roof and windows. For the Input and Impact domains, the trends were 

less conclusive, but almost all strategies included the impact categories global 

warming potential (GWP), acidification potential (AP) and primary energy (PE) with 

some variation of sources (renewable/non-renewable). 

Based on these trends, a number of simplification parameters were selected for 

further investigation and individually applied to a case study. The most impactful of 

the parameters were combined into simplification models, using the notion of 

‘Screening LCA’ and ‘Simplified LCA’ to target different levels of data requirement. 

The study found that life cycle stages A1-A3 (production of building materials), B1-B5 

(maintenance of building materials) and B6 (operational energy) were the most 

significant life cycle stages to be taken into account in the current legal framework for 

building product declaration. The study confirmed the load-carrying vertical and 

horizontal structures to be of primary significance in terms of environmental impact, 

but that building services – an often-neglected group of building components for LCA 

calculations – have a significant environmental impact. Databases used for LCI were 

found to severely lack data for building services, and if applying only generic LCI to 

the case study, it resulted in a significantly higher environmental impact than if actual 

materials were applied. The environmental impact indicators were found to be an 

irrelevant simplification domain for LCA practitioners of buildings. 

Six simplification models were developed and tested on the case study, indicating a 

general deviation of 0-60% compared to a full LCA depending on the scope of the 

model and the indicator reviewed. Point forward, this thesis suggests an iterative 

approach to LCA for continuous validation of design choices in terms of environmental 
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impact. An iterative approach for LCA would benefit the designer from the first 

sketches, where material quantities and qualities can only be roughly estimated. The 

study showed that a Screening LCA holds a decent potential for representing a full 

LCA, however, there are significant fluctuations on certain parameters. A Simplified 

LCA holds a significant potential for representing a full LCA with fewer fluctuations 

across the parameters.  

Both Screening LCA and Simplified LCA address substantial improvements of the 

LCA methodology for the LCA practitioner, as they reduce the manual work required 

by the method. However, this potential could be even greater if it was combined with 

BIM tools, reducing the number of tedious, time-consuming tasks and supporting the 

notion of an iterative LCA framework. 

6.1 Further research/Outlook 

While this case study did not provide an unequivocal suggestion as to the current 

practice of simplified LCA, it does point out some obvious potentials, which could be 

further developed through appropriate research scopes and ultimately refine the 

research field of simplified LCA. Below are a few of the most important areas, in which 

further research could support the issues investigated in this thesis: 

• Simplified LCA calls for reliable datasets for generic LCI that may be used in 

the early design phases before a product-specific bill of quantities (BOQ) is 

established. This will significantly empower simplified LCA as a practical 

design decision support tool. 

• More in-depth understanding of the relative impact of the embodied energy of 

building services on the overall LCA profile for the whole building (also 

supported by (Birgisdottir et al., 2017)). For instance: (Chau et al., 2007) report 

that building service components may account for approximately 27% of total 

lifecycle impacts for a commercial building, although they only accounted for 

less than 2% in terms of total weight. In the future this also increasingly 

includes energy producing features like heat pumps and photovoltaic panels, 

which will be the norm and often carry significant life cycle impact. 

• Seeing as new construction only makes out about 1% in developed countries 

(Artola et al., 2016), future LCA practitioners may increasingly face projects in 

the retrofitting category rather than the new construction category. This shift 

most likely poses new challenges for the practical integration of LCA – for 

instance LCI data for existing building materials.  

https://www.tuwien.at/bibliothek
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• The prospect of BIM, not only for full LCA calculations, but also for simplified 

LCA is of great interest: Of the research fields proposed here for further 

research, this last aspect seems to be the most in vogue in the LCA research 

community. It is most likely the tool with the most potential for succeeding in 

iterative assessments of environmental impact of buildings, as it may provide 

the LCA practitioner with continuous real-time life cycle assessment of a 

construction project during the design stage from the first sketches to finished 

building.  

• As defined in 1.4 Scope and limitations, the concepts of life cycle cost have 

not been elaborated on in order to keep a clean methodological approach. 

However, as life cycle costs carry a heavy weight as decision tool in the 

practical design process – especially in the later stages, where the final bill of 

quantity is established – a similar study as the present, but for LCC, would be 

of great value to the building designer and the LCA/LCC practitioner. Several 

tools already include options for LCC in their LCA assessments – including 

One Click LCA; however, this function is not available under the student 

license agreement – making simplified LCC a natural next step for optimizing 

and qualifying simplified LCA. 

6.2 Final remarks 

This thesis dove deeply into the complex methodology of life cycle analysis to outline 

the challenges and potentials for a significant shift in data intensity required for reliable 

LCA calculations. Academia and industry alike are experiencing a steep learning 

curve with numerous initiatives on several platforms designed to empower the 

methodology. We have only seen the beginning of this process, and as such the 

uncertainty linked to the results may be off-putting for financial stakeholders in the 

industry and keep them from demanding LCA assessments to qualify and quantify the 

environmental impact of construction projects. 

Ultimately, it comes down to communicating the importance of this field to financial 

stakeholders as well as building planners: Digital tool developers are working 

incessantly at making LCA tools more accessible to encourage planners to take on 

this field – or one may pursue the strategy of Spanish artist Lara Almacegui, who has 

made a career out of rendering visible the impact of buildings and building materials. 

https://www.tuwien.at/bibliothek
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No matter the strategy chosen: Building materials and their environmental impact will 

only grow in importance, and as building planners we have a unique opportunity to 

start designing with knowledge now.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Figure 33 Lara Almacegui: „Construction Rubble of Secession’s Main Hall”, Vienna 
Secession 2010 
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7 INDEX 

7.1 List of Figures 

Figure 1. Lara Almarcegui: "Construction Materials for this Exhibition Room", FRAC, 

Bourgogne 2009 

Figure 2. The correlation between design stage, LCA knowledge and design options 

(Illustration by ENSLIC, 2010) 

Figure 3. Roadmap for thesis methodology 

Figure 4. System boundaries for LCA calculations as defined in the EN 15978:2011. 

Figure 5. Most extensively used impact assessment indicators. Illustration by 

(Birgisdóttir and Rasmussen 2016) 

Figure 6. Processes and information required for conducting an LCA based on EN 

15978. 

Figure 7. Relation between design stages and simplification of LCA (Meex et al., 

2018). 

Figure 8. Relation between mode, domain and model. 

Figure 9. Graphical representation of simplification models: Simplification domains 

„Time“ and „Scale“. 

Figure 10. Graphical representation of simplification models: Simplification modes as 

a function of simplification domain „Impact“. 

Figure 11. Prevalence of environmental indicators in existing simplification strategies 

Figure 12. Simplification parameter extracted from existing simplification tools 

Figure 13. Recapitulation of simplification parameters within the TIME domain 

Figure 14. Simplification parameter 1: TIME domain 

Figure 15. Recapitulation of simplification parameters within the SCALE domain 

Figure 16. Simplification parameters 7 to 12 in the scale domain 

Figure 17. Recapitulation of simplification parameters within the INPUT domain 

Figure 18. Simplification parameter 13: National performance targets for energy 

performance 

Figure 19. Simplification parameter 15: Generic LCI data 

Figure 20. Recapitulation of simplification parameter within the INPUT domain 

Figure 21. Simplification parameters 16 to 21 in the impact domain 

Figure 22. Combination of simplification parameters to form simplification models 

results in a maximum of 24 different possible models 

Figure 23. The six simplification models chosen for further processing 
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Figure 24. Screening models A (building material focus), B (operational energy focus) 

and C (building materials and operational energy) 

Figure 25. Simplification models D (building material focus), E (operational energy 

focus) and F (building materials and operational energy) 

Figure 26. Life cycle stages to be included in an EPD according to EN 15 804:2012. 

Figure 27. Life cycles stages to be included in an EPD according to EN amendment 

15804:2018 

Figure 28. The relation between embedded and operational energy in DGNB-certified 

buildings (DGNB 2018) 

Figure 29. Graphic extracted from One Click LCA describing the buildings 

components with most environmental impact for each of the six indicators evaluated 

Figure 30. Design process and LODs for different construction categories. (PP) 

Project Planning, (P) Project, (BPA) Building Permit Application, (T) Tendering and 

(C) Construction. Illustration from Cavalliere et al., 2019. 

Figure 31. The six macro-objectives of the Level(s) framework (Dodd et al., 2019) 

Figure 32. The three levels of performance assessment in the Level(s) tool (Dodd et 

al., 2019) 

Figure 33 Lara Almacegui: „Construction Rubble of Secession’s Main Hall”, Vienna 

Secession 2010 
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