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Abstract 

 

The responsibility of the building sector to diminish the harmful environmental impacts, locally and 

globally, has been extensively considered. Thus, Environmental Impact Assessment (EIA) in building and 

construction practices has been widely implemented. Among several available EIA methods, Life Cycle 

Assessment (LCA) is the only standardized method which provides a holistic overview of environmental 

impacts to support the decision-making process. However, there are several barriers that hinder the 

process of implementing the LCA-based tools in the building sector. Specifically, the demand for a 

simplified LCA-based tool adapted to the early stage of the building design is rather high. Recently, the 

Construction Sector's Environmental Calculation Tool (Byggsektorns Miljöberäkningsverktyg BM v1.0) is 

developed to assist non-experts without knowledge of LCA. Architects, as one of the main target groups of 

the BM tool, have limited knowledge about the LCA approach due to its complexities; further, the 

architects have their own requirements for applying an LCA-based tool towards leveraging in the early 

design process. Hence, it leads to scepticism whether the BM tool has been so far successful to entice the 

architects' attention towards employing the BM tool in that process. 

 

This master thesis aimed to investigate if the newly-developed LCA-based tool, namely the BM tool, is a 

desirable choice for architects to evaluate the environmental impacts of their design at the early stage of 

building design. To be able to perceive more deeply the BM tool, as an environmental assessment and a 

decision support tool for architects, two main procedures, i.e., quantitatively and qualitatively, were 

employed to cover different technical and functional angles of the tool: (i) an LCA-based carbon footprint 

assessment for two reference buildings along with comparing the achieved results with the simplified 

Environmental Load Profile (ELP-s) tool, plus (ii) using a framework included various criteria for LCA-

based tools in the early stage of building design. 

 

The findings from the quantitative analysis were consistent so that the concrete frame building produces a 

greater amount of carbon footprint during the stages A1 to A4 compared to the wooden frame building. 

The considerable deviation was related to the carbon footprint of aluminium profile in the material 

production stage. This could be due to the fact that in the BM database it is not specified whether 

aluminium profile was recycled or not. Regarding the carbon footprint in material transport stage, the 

inconsistent results were mostly linked to the default values in the BM database in which values for two of 

the main parameters (distance and mode of transport) differed. Particularly, the absence of boat as a 

transport mode and an error related to an unneeded distance value for concrete transport were identified 

in the BM database. The framework, used to evaluate the desirability of the BM tool for architects, 

suggests several criteria required for an LCA-based tool implementation in the early design. The outcome 

indicated that the majority of criteria, not satisfied by the BM tool, were related to the geometry 

parameter and associated 3D model. Thus, in order to make the decision-making process, desirable for 

architects in the early stage of building design, the two parameters, i.e., material and geometry, should be 

utilized in parallel. 

 

On the one hand, the LCA methodology in the BM tool is simplified in a way that makes the process 

comprehensible and easy to learn for non-LCA-experts. Since the tool is under the development, minor 

amendments would make the carbon footprint evaluation robust for the early stage of design. On the 

other hand, from the requirements of the architects' point of view, the fundamental modifications are 

needed in the structure of the tool. If architects intend to work with such an LCA-based tool, they have to 

make an extra effort to translate the resulted information from the environmental assessment tool to the 

inputs of the modelling tool and vice versa. This leads to an undesirable and inefficient design process for 

architects. 
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1. Introduction 

 

It has been a while that Earth is being tremendously undermined by human beings. This has not been a 

constant trend; rather, the speed and depth of the catastrophe are increasing by the population growth. In 

1987, sustainable development was determined and reported as a guideline for the successive discourses 

(United Nations, 1987). The definition of sustainable development is comprehensive and it entails three 

major pillars: environmental sustainability, economic sustainability, and social sustainability. It has been 

shown that the environmental aspect is considered as a foundation for other aspects and extremely vital to 

the planet (Rockström et al., 2009). Recently, the environmental impacts of the building sector have been 

considered further due to its massive consequences (e.g., land use, waste, resource depletion, and 

pollution) on environmental sustainability (Toller et al., 2011). Worldwide, the building sector is 

accounted for 40–50% of greenhouse gas emission, 30–40% of energy use as well as 30% of the waste 

generated from the construction and demolition (Rashid & Yusoff, 2015; Meex et al., 2018). Accordingly, 

the responsibility of the building sector to diminish the environmental impacts, locally and globally, is 

considerably huge. 

 

Environmental Impact Assessment (EIA) in building and construction practices has been widely 

implemented. Among several available EIA methods, the Life Cycle Assessment (LCA) is the only method 

standardized by the International Standard Organization (ISO) (ISO 1997; 1998; 2000a; 2000b). LCA is 

basically a scientific and industrial approach to assess the environmental impacts of products and services 

in their whole life cycle (Frostell, 2013). In fact, the need for applying the LCA methodology within the 

building and construction sector commenced in the 1990s and has been increased persistently (Brick, 

2008). The method provides a holistic overview of the life cycle for recognizing the origin of the 

environmental impacts; moreover, it supports the decision-making process for stakeholders through an 

analytical evaluation (Rashid & Yusoff, 2015). Since then, a plenty number of LCA-based tools have been 

developed in the building and construction sector, such as: EcoEffect (EE) (Glaumann & Malmqvist, 

2005), Sustainable Buildings (Erlandsson, 2005) and the Environmental Load Profile (ELP) (Forsberg, 

2003). 

 

Even though LCA has been widely used, there have been some barriers and challenges that hinder the 

process of implementing the LCA-based tools in the building sector, including complexity, time, cost, and 

the accuracy of interpreting the results (Brick, 2008; Malmqvist et al., 2011). Further challenges will 

emerge when the LCA methodology is implemented in the early stage of building design (Malmqvist et al., 

2011; Hollberg & Ruth, 2016; Meex et al., 2018). In this stage, architects are one of the prime users of the 

environmental assessment tools (through applying the LCA approach into the design process) (Kotaji et 

al., 2003; Wallhagen, 2016). Although their knowledge of LCA is limited, the decision made by the 

architects in the early stage influences tremendously the environmental performance of building during 

its life cycle (Hollberg & Ruth, 2016; EeBGuide Project, 2018; Meex et al., 2018). Accordingly, many 

efforts have been accomplished in order to simplify the LCA-based tools (e.g., ELP-s) for non-experts, 

thus, facilitating the process of decision making (Malmqvist et al., 2011). 

 

The simplified version of Environmental Load Profile (ELP) tool, termed here the ELP-s tool, is one of 

those simplified LCA-based tools. The ELP-s tool is developed by the City of Stockholm with the purpose 

of educating designers and architects, concerning the environmental impacts of building materials in the 

design stage of the building construction. The investigation regarding the ELP-s tool shed the light on a 

number of considerations and modifications needed to satisfy to a particular situation, e.g., a particular 

country (Sinha et al., 2016). 
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Lately, IVL Swedish Environmental Research Institute has developed an environmental assessment tool 

based on the LCA approach in the construction sector called Construction Sector's Environmental 

Calculation Tool (Byggsektorns Miljöberäkningsverktyg BM1.0) (IVL, 2018). BM is an open LCA-based 

tool designed to enable users to generate comfortably a climate declaration report for a building. The BM 

tool is recently developed and is an ongoing project, while there is much room for improvements. The BM 

tool is developed in collaboration with other sectors, i.e., academia and the industry. Further, there are 

several actors who have significant roles during the design and construction of building project and are 

part of the tool's target group. For example, property owners, contractors, architects, consultants and etc., 

are included in the target group of the BM tool. This is a typical situation in the Swedish context that 

multitude stakeholders contribute to the decision-making process for a building project (Erlandsson, 

2018). 

 

However, each group of users has its own interests and requirements for applying an environmental 

assessment tool in the primary stage of a building project. Thus, it leads to scepticism regarding the 

responsiveness of the tools to all users’ demands (Brick & Frostell, 2007; Brick, 2008). Particularly, 

architects, as one of the target groups of the BM tool, have their own needs and requirements. Hence, it is 

crucial to identify whether BM developers have been so far succeeded to satisfy the architects' needs and 

requirements to employ the tool in the early design, thus, diminishing climate impacts. 

 

In this thesis, the following main questions will be investigated: 

 

1) Are the results, calculated by an LCA-based BM tool, robust so that they can be used for decision 

making regarding the environmental assessment in early design? 

2) To what extent, does the BM tool meet the user requirements from an architect’s point of view? In 

other words, is the BM tool an architect-friendly LCA-based tool for the early stage of building 

design? 

 

1.1. Aim and objectives 

The principal aim of this study is to investigate if the newly-developed LCA-based tool, namely the BM 

tool, is a desirable choice for architects to evaluate the environmental impact of their design at the early 

stage of building design. Besides this overarching aim, the objectives of this thesis are considered as 

below:  

 

● Performing a carbon footprint assessment through the BM tool. 

● Evaluating the reliability of the results obtained from the carbon footprint assessment by 

comparing the results with the ELP-s tool.  

● Identifying the requirements for an LCA-based tool to be used by architects in the early design 

and investigating if the BM tool satisfies such requirements.  
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2. Literature review 

2.1. LCA approach in the building sector 

 

Life Cycle Assessment (LCA) is an approach that can be implemented for any product or service, including 

buildings, to assess the environmental impacts of their life cycles (Frostell, 2013). More specifically, the 

LCA framework has been defined for the building and construction sector comprehensively which 

provides a guideline for performing LCA study in the sector (Kotaji et al., 2003). The building life cycle is 

split out into three main stages with multiple modules illustrated in Figure 1. The first stage (i.e., modules 

A1 to A5) is divided into two parts: product stage (modules A1 to A3) and construction stage (modules A4 

and A5). The product stage is a cradle to gate process which contains all the materials needed in the 

building. The construction stage is regarding the transportation of building material from the gate 

(manufacturer) to the construction site, as well as, all the construction and installation work in the site. 

The next stage is regarding the use stage (modules B1 to B7) of the building. This stage covers the whole 

operations associated with the building during its lifespan. Commonly, the modules are named 

respectively as use, maintenance, repair, replacement, refurbishment, operational energy use, and 

operational water use. The last stage of building life cycle is called end-of-life (modules C1 to C4). This 

stage includes the processes regarding the building deconstruction, the demolition wastes transportation, 

sorting and treating wastes, and the final disposal (EeBGuide Project, 2018).  

 

 

 
Figure 1: The building lifecycle stages (EeBGuide Project, 2018).  

 

 

Essentially, depending on various goals that the LCA studies are intended to achieve, the detailed level of 

the LCA studies differs. Thereby, three sorts of LCA studies with three detailed levels are defined, namely, 

screening LCA, simplified LCA, and complete LCA. The different detailed levels are specified through 

several elements, such as data availability, goal and scope of the study, and stakeholders (EeBGuide 

Project, 2018). Table 1 compares the three levels of the LCA with various parameters, e.g. documentation 

and completeness of assessment.  
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Table 1: Comparison of three levels of LCA study (EeBGuide Project, 2018). 

 

  Screening LCA Simplified LCA Complete LCA 

Purpose A preliminary overview 
and estimate of the 
environmental impacts.  

A quick assessment with a 
pragmatic approach is 
applied to a building LCA.  

A comprehensive view of 
the environmental 
performance of the 
building/ the entire 
building’s life cycle 

Completeness 
of assessment 

Should include PENRT 
(total use of non-
renewable primary 
energy resources) and 
GWP (global warming 
potential) / Cut-off rules 
may not apply 

Should include PENRT 
(total use of non-
renewable primary energy 
resources), GWP (global 
warming potential), 
Eutrophication Potential, 
Acidification Potential, 
Ozone Depletion Potential, 
Photochemical Ozone 
Creation Potential, and 
Abiotic Depletion Potential 
/ Cut-off rules may not 
apply  

The whole life cycle from 
cradle to grave (Module 
A1 to C4), as well as 
Module D / a 
comprehensive set of 
environmental impact 
categories / Cut-off rules 
are to be applied 

Data 
representative

ness 

Generic assumptions More representative of the 
product, component, 
element or part of a 
building under assessment 

Stricter requirements 
must be considered to 
ensure an appropriate 
level of data 
representativeness 

Documentation 
(the minimum 
requirements) 

- Definition of the goal 
and scope 
- Life cycle stages 
included 
- Main input 
materials/items included, 
as well as processes for 
energy, water etc. 
- Overview of calculation 
rules, and comment on 
degree of 
approximation/uncertaint
ies 
- Impact categories 
considered 
- Life cycle impact 
results and interpretation 
(conclusions) 
- Statement regarding 
consistency 
- Results 
 

- Definition of goal and 
scope 
- Life cycle stages 
included, and a clear 
definition of the system 
boundary 
- Input materials/items 
included and excluded, 
with justification, as well 
as processes for energy, 
water etc. 
- Overview of calculation 
rules, and comments on 
the degree of 
approximation/uncertaintie
s 
- Impact categories 
considered (with 
justification) 
- Limitations 
- Life cycle impact results 
and interpretation 
- Statement regarding 
consistency 
- Results 

- Definition of the goal and 
scope 
- Life cycle stages 
included, and a clear 
definition of the system 
boundary 
- Input materials/items 
included, and any 
excluded, with justification 
(cut-off rules) 
- Impact categories 
considered (with 
justification) 
- Assumptions and 
comment on degree of 
approximation/uncertainti
es 
- Main assumptions and 
limitations 
- Life cycle impact results, 
broken down by life cycle 
stage and module 
- Statement on 
consistency 
- Interpretation and 
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- Review statement conclusions 
- Review statement 

Communicatio
n of LCA report 

and results 

 Internally (not public)  Internally or externally  Internally or externally 

Examples Building LCA study to 
identify environmental 
optimization potentials in 
the early design stages  

Building LCA study for 
labelling schemes. 
 

Detailed identification of 
the environmental 
hotspots of a building. 

 

2.2. LCA-based tools in the building sector 

 

In the early 1990s, a number of tools based on LCA have initiated and developed in the building and 

construction sector. For instance: EcoEffect (EE) (Glaumann & Malmqvist, 2005), Sustainable Buildings 

(Erlandsson, 2005) and the Environmental Load Profile (ELP) (Forsberg, 2003). Thereafter, the city of 

Stockholm intended to foster Hammarby Sjöstad (HS) district to make the city sustainable, notably in 

terms of ecology (Forsberg, 2003). The LCA-based ELP tool was developed at that time to account the 

environmental performance of the Hammarby built environment. Following this, Brick (2008) 

extensively investigated the ELP tool to determine the weaknesses and opportunities in the 

implementation phase of the tool. On the one hand, the outstanding barriers regarding the 

implementation of the LCA-based tools in the building sector were recognized as: data availability and 

credibility, knowledge, time and costs, incentives and potential users. On the other hand, simplifying the 

LCA-based tools was considered as an opportunity for the implementation of the tools. In order to assess 

the environmental performance of Hammarby Sjöstad, the ELP tool was simplified and the ELP-light was 

generated. Afterwards, the ELP-light tool was simplified further, named ELP-s, in order to educate 

stakeholders related to the building industry. The ELP-s is structured in the Microsoft Excel and it focuses 

on building construction contained three main steps, i.e., inputting building material and transport, 

presenting the results from the environmental footprints of the material flows, and the intensity of 

environmental footprint associated with materials and transport. Figure 2 presents various levels and 

activities which are comprised in the ELP tool (Sinha et al., 2016). 
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Figure 2: The various levels and activities included in the ELP tool (Sinha et al., 2016). 

 

 

Sinha. et al (2016) has carried out a study in which the ELP-s tool was examined by calculating the 

environmental footprints of the two reference buildings within the cradle-to-gate scope. In that research, 

the results from ELP-s compared with GaBi 6 and SimaPro 8 to investigate if the ELP-s tool can be 

applied to calculate the environmental footprints of building structures. The research showed that the tool 

can be applied with slight modifications needed to satisfy a particular situation, e.g., a particular country. 

The important points implied in the research about the database of ELP-s were regarding the old data 

created a decade ago and also the appropriateness of the data for the Swedish cases. 

 

Most recently, IVL in collaboration with other sectors, i.e., academia, industry, public, and private, have 

developed an LCA based environmental assessment tool within the construction sector called 

Construction Sector's Environmental Calculation Tool (BM) (IVL, 2018). The tool is developed to help 

stakeholders generate easily a climate declaration report for a building. Further, the BM tool is an open-

access tool which consists of a database of climate data for the building materials in the Swedish market 

so that anybody can use it without any expertise. So far, Global Warming Potential (GWP) has been the 

only environmental impact indicator considered in the tool for reporting the climate declaration of 

building construction. The report includes the calculation of carbon footprint (kg CO2eqv) from material 

production, transport, and construction machines (modules A1 to A5). Thereby, the carbon emissions 

reduction would be possible through the alternatives for materials and related transports as well as 

making a preliminary comparison among various design solutions (Erlandsson, 2018). Although the BM 

tool developed to be used as an assessment tool for a preliminary study in order to choose proper building 

materials, it has still several shortcomings, e.g., transport scenario. This will be elaborated further in the 

discussion section. Figure 3, in schematic form, shows the procedure of utilizing the BM tool.  
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According to the report presented by Erlandsson (2018), performing an environmental assessment of a 

building through the BM tool entails the following steps:  

 

● Input data 

○  The amount of building materials used in the construction phase is manually entered  

○  Default transport is included for all materials (can be changed) 

● Goal 

○  The tool inventory covers the entire construction process (stages A1 to A5)  

○  Environmental impact is determined by GWP 

● Choosing the environmental data (LCA data) 

○  General LCA database provided by IVL 

○  Importing manually Environmental Product Declarations (EPD) from specific suppliers 

● Report 

○  Climate declaration report (general information, project description, method selection, 

climate impacts) 

○  Appendix section of the climate declaration that facilitates review 

● Reference building 

○  The final calculation is saved in the tool archive. Thereby, users can compare their design 

with the previous projects with a common average of the climate impact. 
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Figure 3: Schematic representation of utilizing the BM tool. 

 

 

 

In general terms, an Environmental Product Declaration (EPD) is a certified document that provides 

comparable, verified, and transparent information about the environmental impact of products in their 

life cycle. The EPD documentation is based on ISO 14025 and EN 15804 (EPD, 218). Regarding the 

construction sector, an environmental declaration contains the environmental data of the building 

products. The construction product manufacturers use the declarations widely in order to make a report 

on the environmental impact of their products (Dossche et al., 2017; BRE Group, 2018). 

 

2.3. Comparability of the BM and ELP-s tools 

 

After reviewing the tools, namely, BM and ELP-s, it seems that the ELP-s tool has a number of generic 

similarities with the BM tool. For instance: both tools are recently developed in the Swedish market, they 

are simplified LCA-based tools, they follow the common goal (educating stakeholders to perform an LCA 

method at the early stage of the construction process) and architects are one of the main target groups for 

the tools. Nonetheless, in this section, the tools are compared in more details to provide a better 

cognisance. 
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Mainly, there are two aspects through which environmental assessment tools can be compared, namely, 

contextual aspect and methodological aspect (Forsberg & Von Malmborg, 2004). Table 2 includes 

different subsections for each perspective which through them the BM and ELP-s tools are compared. 

Based on the tools' specifications determined in the tables, the tools have several similarities from both 

perspectives.  

 
 

Table 2: Comparison of BM and ELP-s tools from two main perspectives. 

 

Contextual aspect ELP-s BM 

Overall purpose Decision support (operative and 
strategic), communication, education 
/ Tools and methods for 
environmental assessment of 
building products 
 

Decision support (operative and 
strategic), communication, education / 
Tools and methods for environmental 
assessment of building products 

Object analysed Technosphere: material production, 

transport, construction 

 

Technosphere: material production, 

transport, construction 

Methodological 

aspect 

ELP-s BM 

Target groups Property developers, consultant and 
architects, construction companies, 
constructors, and engineers 

Property owners, contractors, 
architects, consultants and others 

Required background 
knowledge  

Good knowledge of Excel/ Being 
familiar with the life cycle 
methodology to limited extent 

No specific knowledge/ 
Being familiar with the life cycle 
methodology to limited extent 

Input data Construction materials and transport 
from the final production site to the 
building construction site 

Construction materials and transport 
from the final production site to the 
building construction site 

Database Data on energy use and emissions 
intensities associated with 
construction materials and transport 

Carbon emission intensities related to 
material production, transport and 
construction 

Result 
 

Interpretation of environmental 
footprints 

A climate declaration report 

Investigated 
dimensions 

Environmental 
 

Environmental  

Type of environmental 
parameters 
investigated 

Energy footprint (kWh), Global 
Warming Potential (kg CO2eqv), 
eutrophication (g O2eqv), acidification 
(mol Hþeqv), photochemical ozone 
creation (g C2 H2eqv), and 

Global Warming Potential (kg 

CO2eqv) 
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radioactive waste (cm
3
). 

Spatial system 
boundaries 

 Cradle-to-Gate (modules A1 to A5) Cradle-to-Gate (modules A1 to A5) 
 

Temporal system 
boundaries 

50 years ___ 

 

 

2.4. Architectural design in correlation with the LCA approach 

 

An architectural design process is commonly composed of six stages illustrated in Figure 4 (Hollberg & 

Ruth, 2016). At the preliminary stage, the early studies and investigations are performed to deliver 

researches or requirements of a competition. Afterwards, the principle decisions are made and the main 

parameters of the design are determined that have major effects on the whole procedure. At this stage the 

primary ideas are sketched the conceptual design is emerged. This is the stage that the basic LCA study 

would develop in order to assess the environmental impact of the preliminary design (Fuchs et al., 2013). 

The design is more developed in the third stage while geometry and general material used for building 

structure and frame are finalized. Mostly, the building permit is taken in this stage. The fourth stage 

focuses on more details of planning and procurement. Here, if EPDs exist, they would be applied for the 

LCA study. In the next stages 5 and 6, the building construction is accomplished and handed over to the 

users for the operational phase.  

 

In addition, Figure 4 indicates how the environmental impact of buildings is linked to the architectural 

design process. The substantial decisions regarding the two key parameters of geometry and material are 

determined by architects at the preliminary design stage. Such decisions will influence considerably the 

environmental impact of the building over its life cycle; however, the information towards taking such 

decisions is uncertain. The life cycle of a building (see Fig. 1) is initiated at stage five of the design process 

(see Fig. 4) during which the environmental impacts are taken into account for the production of building 

materials. Further, in the ‘use’ stage, i.e., the sixth stage in the design stage, the energy consumed by users 

has already been determined to some extent via the decisions taken by architects in the second and third 

stages of design (e.g., the materials of building envelope and the size and location of windows) (Hollberg 

& Ruth, 2016).  
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Figure 4: The stages of architectural design (Hollberg & Ruth, 2016). 

 

 

 

The definitive environmental consequences of the decisions made by architects at the early stages of 

building design lead to the demand for simplifying the LCA methodology. As discussed earlier (see Table 

1), there are three detailed levels for the LCA methodology (i.e., screening, simplified, and complete LCA) 

that can be employed in different stages of the architectural design process (see Fig. 4). Figure 5 presents 

the relation between each stage of the architectural design and different detailed levels of the LCA 

methodology (Meex et al., 2018). Accordingly, the first and second stages of the design phase are related 

to the screening LCA during which the conceptual design is developed. In the next stages of the building 

design, in which the design entails more details, the simplified LCA method is an appropriate approach. 

Lastly, the complete LCA method can be applied to opt in a better construction strategy or to identify the 

environmental hotspots of a complete building. Nevertheless, in order to enhance the efficiency of the 

preliminary design, in terms of environmental performance, developing a simplified LCA-based tool for 

performing screening LCA is demanded. 
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Figure 5: Relation between design stages and LCA levels (Meex et al., 2018).  

 

 

 

Recently, Mexx et al. (2018) developed a framework to investigate the requirements for applying LCA-

based tools at the beginning of a design process. The framework is originated from two different 

perspectives. One viewpoint is from the architects' needs perspective (termed front end) in which the 

requirements for using an LCA-based tool by architects throughout the early stage of design are 

determined. Another aspect is from the point of view of the criteria needed to simplify the LCA approach 

(termed back end) to be applicable within an LCA-based tool throughout the early stage of design. Figure 

6 illustrates how the framework was developed through the fostering the two aforesaid perspectives 

(Meex et al., 2018). This framework was created to qualify the current LCA-based tools through the 

requirements; further, the requirements could be employed for developing new LCA-based tools, notably 

by architects, in the early design process. Accordingly, the opportunities for applying the LCA approach, 

practically in the design and construction industry, will be enhanced.  
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Figure 6: The method of developing Meex et al. (2018) framework. 
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3. Methods 

In this study, it has been tried to employ the methods through which the various aspects of the tool be 

examined. In this section, two principal methods, quantitatively and qualitatively, are applied in order to 

fulfill the objectives of the research. In the first approach, an LCA-base analysis is used to calculate the 

carbon footprint of two reference buildings and the results are compared with the results from another 

comparable LCA-based tool. The other method is a framework including various criteria for LCA-based 

tools in the early stage of building design. 

3.1. LCA-based Quantitative Analysis 

In order to interpret and analyze the reliability of the carbon footprint results obtained from the BM tool, 

the results from another comparable LCA-based tool will be employed to compare with BM. The ELP-s 

tool is an adequate environmental assessment tool for the comparing purpose, as elaborated previously 

(see Sec. 2). 

3.1.1. Description of system 

 

➔ The goal of the study: to perform a carbon footprint assessment via the BM tool and to compare 

the results with ELP-s for the two reference buildings, and also to interpret the reliability of the 

BM results. 

 

➔ The intended users: architects and building designers who are one of the major target groups 

when a building project is getting to be started and the preliminary decisions needed to be taken. 

 

➔ The system boundary: production of raw materials for building and transport to the construction 

site (modules A1 to A4). 

 

➔ The system function: residential functionality  

 

➔ The functional unit: 1 m
2
 of the total floor area of the reference buildings. 

 

3.1.2. Input Data 

 

As explained previously (see Sec. Literature review), the BM and the ELP-s are two comparable LCA-

based tools with a number of similarities contextually and methodologically. Hence, the information 

regarding the reference buildings as well as the carbon footprint calculated through the ELP-s tool are 

adopted from the previous study (Sinha et al., 2016). Table 3 presents the characteristics of the two 

reference buildings. The buildings taken from the previous study were two of the best submitted plans 

entered in the competition invited by the City of Stockholm (Sinha et al., 2016). The similarities of the two 

buildings are included: performance, functionality, total floor area. The main distinction between those 

two is concerning the frames materials that are constructed from wood and concrete. In order to account 

the carbon footprint of the two reference buildings, only the main structures of the buildings are taken 

into account. Table 4 shows the type and the weight of each group of building material as well as the 

weight of the total material used for the structures in two reference buildings (concrete frame and wooden 

frame). 
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Table 3: Characteristics of the two reference buildings. 

 

Characteristics Concrete frame building Wooden frame building 

Total floor area 4500 m
2
 4925 m

2
 

Functionality Residential 

Energy performance Generate more energy than it consumed, calculated over one year 

Geographical location Stockholm Royal Seaport  

 

 

 
 

Table 4: Type and weight of each group of building materials. 

 

Material category Weight for concrete frame 
(kg) 

Weight for wooden frame 
(kg) 

Metal 93,475 701 

Concrete 4,231,685  ____ 

Wood 104,358 483,773 

Plaster 20,070 173,218 

Mineral wool 28,441 42,857 

Plastics 40,467 875 

Glass 38,055 15,437 

Total  4,556,551 716,861 

 

3.1.3 Carbon Footprint Calculation 

 

Global Warming Potential (GWP) is currently the only environmental impact indicator considered in the 

BM tool for reporting the climate declaration of building construction. Thus, the main focus is on the 

Carbon Footprint (CF) assessment through the calculation of CO2 emission. Equation 1 shows that how 

the total carbon footprint for modules A1 to A4 (material production and transport stages) is calculated 

after getting results from the BM tool. 

 

  CF (Total) = CF (A1-A3) + CF (A4)    (1) 
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The carbon footprint for the production of every single material (A1 to A3) for the buildings is calculated 

through the kilogram amount of material (M) and the value of GWP per kilogram of the material (from 

the general LCA database provided by IVL) (IVL, 2018), presented in equation 2. 

 

CF (A1-A3) = M × GWP (A1-A3)      (2) 
 

Furthermore, the carbon footprint of the transport stage (A4) is accounted through the three main 

parameters namely, the kilogram amount of material (M), the kilometer of distance (D), and the value of 

GWP per kilometer and per kilogram for the transport mode, indicated by equation 3. 

 

CF (A4) = M × D × GWP (A4)    (3) 
 

The possibility of creating different transport scenarios via the BM tool is employed in this investigation. 

The distinction between the two scenarios is basically regarding the transport mode and the material 

supplier location, which they influence the carbon footprint related to material transport. Thereby, the 

two scenarios are defined as: 

 

❖ General scenario: the tool uses generic data provided by IVL for (D) and the transport mode. 

 

❖ Specific scenario: the tool uses specified data imported by user for (D) and the transport mode. 

 

3.2. Qualitative Analysis  

One of the main purposes of this research is to evaluate the architect-friendliness of the LCA-based BM 

tool. The major concern of applying such tools is regarding the limited knowledge of architects about the 

LCA approach due to its complexities in early design (see Sec. 2). In this research Mexx. et al (2018) 

framework is employed to demonstrate the desirability of using the BM tool by architects in the early 

process of design. The framework is basically the outcome of combining two perspectives (see Fig. 6), i.e., 

design-oriented user requirements (front end) and early design simplification of the LCA methodology 

(back end). Hence, the BM tool is evaluated and discussed through the criteria produced from merging 

two perspectives (i.e. front end and back end) with four main themes (i.e., data-input, calculation, 

output, and usability in the design process). 
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4. Results 

The results from the investigation concerning the LCA-based BM tool are presented in this section which 

consists of two main parts. The first one is related to the quantitative analysis through an LCA-based 

approach. In this part, the results from the carbon footprint calculation (for the two reference buildings) 

by the BM tool are presented and compared with the ELP-s tool. The second section presents the findings 

from the qualitative analysis accomplished through the framework introduced by Mexx et al. (2018). All in 

all, the attempt is to cover different technical and functional angles of the BM tool as extensive as possible. 

 

4.1. Presentation and Interpretation of LCA Results 

 

One of the major attempts in this thesis is of experiencing an LCA practice through the BM tool to 

calculate the carbon footprint of the two reference buildings. In this section, the results achieved from the 

BM tool are presented and also interpreted via comparing with the results from the previous study (Sinha 

et al., 2016). Due to the tools' system boundaries and data availability, the two stages, i.e., material 

production (A1 to A3) and transport (A4) are accounted. The results are presented for each stage of the 

two reference buildings separately and also in the overall form of comparison for the concrete frame and 

wooden frame buildings. To be able to analyse and interpret results from the BM tool and to compare with 

ELP-s results some calculations are needed. Since the report from the BM tool only indicated the total 

carbon footprint of stages A1 to A3, the carbon footprint for each material is calculated individually (by 

multiplying the required kg amount of each building material by carbon footprint per kg of the building 

materials according to the BM database). 

 

4.1.1 Comparison of Carbon Footprint in BM and ELP-s 

 

Initially, the carbon footprint values per kg of building materials associated with the BM tool and ELP-s 

tool are indicated through Figure 7. In order to realize the level of agreement in values, the ratios of the 

values in BM to the values in ELP-s are calculated. The results show that only two materials out of 16 

materials have the ratio of more than two. These two materials belong to the aluminium profile group and 

the insulated glass group, which are presented clearly in Table 5. The rest of the materials have reasonably 

close values with the ratio of less than two. 
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Figure 7: Carbon footprint values per kg of building material associated with the BM tool and ELP-s tool. 

 

 

 

 

 
Table 5: Materials in ELP-s and BM with the ratio of more than two.  

 

Material in BM / Material in ELP-s Ratio of carbon footprint  

Aluminum profile / Aluminum (virgin material) 2.75 

Aluminum profile / Aluminum (recycled) 15.29 

Window (wood, triple glass) / Insulated Glass Unit (IGU) 5.42 
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4.1.2. Material Production Stage (A1to A3) 

 

After calculating the carbon footprint for each material individually for the concrete frame building, two 

materials, namely, aluminium profile and insulated glass, have a significantly larger carbon footprint in 

the BM tool compared to the ELP-s tool. This variance stems basically from the different values for the 

carbon footprint per kg of materials in the database of two tools (see Fig. 7). The rest of the carbon 

footprint results indicate the values with slight variances between the BM and ELP-s tools.  

 

Figure 8 represents the amount of carbon footprint regarding the material production stage in the 

concrete frame building in BM and ELP-s tools for each material group. Based on this figure, the concrete 

material group is the biggest contributor to the carbon footprint during the material production stage in 

both ELP-s and BM tools. The concrete group is in charge of more than 63% of the total carbon footprint 

in the BM tool and more than 68% in the ELP-s tool. This magnitude of the carbon footprint results from 

the considerable amount of concrete required for the concrete frame building which is around 93% of the 

total amount of material (see Table 4). After concrete, the metal material group has the largest share of 

the carbon footprint in the BM tool while in the ELP-s tool the metal group has the third place which is 

due to the aluminium material. Although aluminium has the largest carbon footprint per kg of material 

with a significant rate especially in BM, the low amount of required metal (see Table 4) compensates the 

high rate of carbon footprint and the overall impact is not as considerable as concrete.  

 

 
Figure 8: Carbon footprint per unit floor area for the concrete building according to ELP-s and BM for each material group.  
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The calculation of the carbon footprint for each material individually for the wooden frame building 

shows that generally, the value of carbon footprint resulted from BM is close to what ELP-s indicated 

previously. The only material with considerable difference regarding the carbon footprint value is 

insulated glass. This variance stems basically from the different values for the carbon footprint per kg of 

material in the database of two tools (see Fig. 7).  

 

Figure 9 indicates the amount of carbon footprint regarding the material production stage in the wooden 

frame building for BM and ELP-s results for each material group. According to this figure, the material 

groups, namely, wood, plaster, and mineral wool, have considerable great values of carbon footprint in the 

wooden frame building. Although wood and plaster have a low rate of carbon footprint (see Fig. 7), they 

are the largest amount of materials required for the wooden frame building (see Table 4). 

 

 

 
Figure 9: Carbon footprint per unit floor area for the wooden building according to ELP-s and BM for each material group.  

 

 

4.1.3. Transport stage (A4) 

 

Once the production stage of material is done, the building materials are transported to the construction 

site. Concerning the carbon consequences of the transport stage, the possibility of generating different 

transport scenarios is applied in this study via the BM tool and the carbon footprint results are compared 

with the results of the previous study from ELP-s. The specific scenario and the general scenario resulted 

in the final report are presented and interpreted in this section. 
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The carbon footprint of material transport from the production site to the construction site is calculated 

for each material in the concrete frame building. The results from ELP-s are also considered for the 

comparison purpose. In general, the results from the general scenario, specific scenario, and ELP-s are 

not in a uniform way. More specifically, the general scenario for the concrete material group entails a 

considerable variance with two others. The disagreement is originated from different distance quantities 

and the value of carbon footprint for the transport mode. Figure 10 represents the amount of carbon 

footprint regarding the transport stage for the specific scenario, the general scenario and ELP-s for each 

material group for the concrete frame building. The utmost value of carbon footprint is regarding the 

transportation of the concrete material group and the minimum amount of the carbon footprint belongs 

to the plaster material group. 

 

 

 

 
 
Figure 10: Carbon footprint per unit floor area for the transport stage of the concrete building according to ELP-s and BM 

for each material group.  

 

 

 

The carbon footprint of material transport from the production site to the construction site is calculated 

for each material in the wooden frame building. The results from ELP-s are also considered for the 

comparison purpose. In general term, results from the general scenario, specific scenario, and ELP-s are 

not similar. Furthermore, in most cases, the general scenario entails less amount of carbon footprint in 

comparison to the specific scenario and ELP-s. The main reason is the fewer amounts of distances that the 

BM tool considers as the default values for the all material types included in the wooden frame building. 

Figure 11 represents the values of carbon footprint regarding the transport stage for the specific scenario, 
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the general scenario and ELP-s results for each material group in the wooden frame building. The highest 

value of carbon footprint is regarding the transportation of the wood material group and the least amount 

of the carbon footprint belongs to the metal and plastic material groups. 

 

 

 

 
 
Figure 11: Carbon footprint per unit floor area for the transport stage of the wooden building according to ELP-s and BM 

for each material group.  

 
 

4.1.4. Concrete vs. wood 

 

The outcomes by calculating the ratio of the carbon footprint (A1 to A3) for the concrete frame building to 

the wooden frame building by the ELP-s and BM tools are presented in Table 6. The results show minor 

variations between 4.6 and 5.3. The larger quantity for the BM tool is due to the larger carbon footprint 

values per kg of most building materials in this tool compare to the ELP-s, indicated in Figure 7. For both 

tools, the concrete frame building has a larger carbon footprint during the material production stage (A1 

to A3) in comparison to the wooden frame building. This is originated from the equation 2 (see Sec. 3) in 

which the concrete frame building has the larger amount and types of building materials in compare to 

the wooden frame building. 
 

The ratio of the carbon footprint (A4) for the concrete frame building to the wooden frame building by the 

ELP-s and BM tools are indicated in Table 6. The results illustrate that the carbon footprint of the 
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transport stage for ELP-s and specific scenario in BM for the concrete frame building are almost half of 

the wooden frame building. Although the weight of materials needed for the concrete frame building is 

around six times more than the wooden frame building, the transport mode parameter (which for the 

wooden building is by truck that has a bigger carbon footprint compared to boat and railway in the 

concrete building) and distance parameter (which for the wooden building is bigger than the concrete 

building) are also determinant for the final result, according to the equation 3 (see Sec. 3).  

 

However, this is not the alike situation for the general scenario in the BM tool, demonstrated clearly in 

Figures 12 and 13. In the one hand, the large value of carbon footprint for the general scenario (in the 

concrete frame building) is mainly caused by a large amount of concrete transported by truck over a long 

distance in comparison to the values for the specific scenario and ELP-s. On the other hand, the general 

scenario has the lowest amount of carbon footprint in the wooden building in contradiction to the 

concrete building. This is originated from the distances which are fewer in BM default database for the 

wooden building. Moreover, there are two items in the wooden frame building transported by the railway 

mode in which the carbon footprint is too less. 
 

 

 

Table 6: Results from calculating the ratio of the carbon footprint (in different stages) for the concrete frame building to the 

wooden frame building by the ELP-s and BM tools.  

 

Carbon kg 
CO2eq 

(A1-A3)concrete / 
(A1-A3)wood 

(A4)concrete / 
(A4)wood 

(A1-A4)concrete / 
(A1-A4)wood 

ELP-s 4.6 0.4 3.5 

Specific BM 5.3 0.6 4.1 

General BM 5.3 3.4 4.9 

 

 

By calculating the ratio of the total carbon footprint (A1 to A4) for the concrete frame building to the 

wooden frame building via the ELP-s and BM tools are presented in Table 6, considerable outcomes are 

obtained. First of all, the overall results from both tools are consistent so that the concrete frame building 

produces a greater amount of carbon footprint during the stages of A1 to A4 compare to the wooden frame 

building, illustrated distinctly in Figures 12 and 13. Secondly, the ratio of the total carbon footprint (A1 to 

A4) for the concrete frame building to the wooden frame building is varied between 3.5 to 5 (for ELP-s, 

specific scenario, and original scenario). For the BM tool, the ratios are larger and the largest one belongs 

to the original BM scenario. This difference stems from the greatest carbon footprint value in stage A4 for 

the concrete building as well as the lowest carbon footprint value in stage A4 for the wooden building. 
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Figure 12: Carbon footprint of the total floor area for different stages for wooden building according to ELP-s and BM.  
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Figure 13: Carbon footprint of the total floor area for different stages for concrete building according to ELP-s and BM.  
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4.2. Evaluating BM tool through the Meex et al. framework  

According to the Meex et al. (2018) framework, there are multiple requirements which organize the 

criteria for evaluating the LCA-based tools required by architects in the early stage of building design. In 

this section, the main intention is to evaluate the BM tool through the criteria produced from merging two 

perspectives (i.e. front end and back end) with four main themes (i.e., data-input, calculation, output, and 

usability in the design process). The results are presented in Table 7 and they indicate that to which extent 

the tool has met the criteria. Thus, three levels of conforming are defined for the qualitative analysis, 

namely, full, partial, and lacking. The results indicate that roughly 70% of criteria have not been fulfilled 

by BM, 15% of criteria have been relatively accomplished by BM, and 15% of criteria have been totally 

carried out by BM. Essentially, the majority of criteria which are not satisfied by the BM tool are 

correlated to the geometry parameter and associated 3D model.  
 

 

Full Partial Lacking 

Table 7: BM tool in the encountering with different criteria from the two perspectives.  

 

Structure EIA tool (BM) 

Theme Subtheme Front end (user interface) Back end (calculation 
model) 

INPUT - Clearly structured, extensive 
material library with standard 
materials, building components 
(e.g. based on national averages) 

Consistent model that allows 
use of default settings / values 
but can also be filled/extended 
with detailed data with access to 
different material libraries 

Default values and/or settings for 
assessment of 'incomplete' 
buildings 

 

Link to common design tools to 
be easy to learn and avoid 
additional effort (e.g. Sketch-Up) 
 

Automatic take-off of material / 
element quantities from the 3D 
model 

CALCULATIO
N 

Methodologica
l and 
calculation 
choices 

Provide detailed manual / 
description of predefined 
calculation settings and 
assumptions + a clear help 
function or discussion platform for 
Q&A and support 

Predefined calculation settings 
per building type and design 
stage, such as the reference 
study period, impact indicators, 
etc. 

Database with verified and 
independent data, 
representative for the 
assessment context  

Scope of the 
assessment 

Provide combined calculation and 
presentation of outcome for 
energy performance and 
environmental assessment 

Combined calculation of 
operational energy demand and 
environmental impact 
assessment 
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Time 
investment 

Interoperability with other design 
or analysis tools 

Import / export features to other 
tools 

Real-time calculation, in tune with 
design process 

Computation time <1s 

OUTPUT - Aggregated score + more detailed 
scores (per element, per life cycle 
stage), combined with design-
supportive feedback 

Calculate aggregated single 
score and individual indicators 

Optional: calculation of points in 
sustainable building certification 
systems  

Visual output (e.g. graphs, 
grading scale) instead of 
extensive report 

Aggregation of results on 
different levels of detail (per 
building, per element, per life 
cycle stage) 

Visualization of output relative to 
benchmarks/average 
values/regulatory targets 

Provide European or national 
average/target values for 
individual building components 
and whole buildings  

Visualization of possible deviation 
of results (sensitivity / uncertainty) 

Calculation of uncertainty based 
on information in environmental 
data and level of detail of 
geometry model 

USABILITY 
IN THE 
DESIGN 
PROCESS 

Adaptability & 
flexibility 

One software tool for different 
types of projects, which evolves 
with the design progress 

 
Flexible / parametric calculation 
model with different levels of 
detail 

Parametric control, e.g. number 
slider, for input of material 
thicknesses, etc.  

Automatic save function, 
redo/undo function 

Provide sufficient memory 
capacity / provide space in the 
cloud 

Copy-paste function / duplicate 
instead of start from scratch 

Database to store variants  

Comparison & 
feedback 
loops 

Visualization of changes 
(improvements) between variants 

Enable opening multiple variants 
and comparing them in parallel 

Visualization of problem areas in 
3D model 

Comparison of environmental 
impact per - building component 
e.g. with average values and 
indications for large deviations 

Indicate optimization potential and 
generate suggestions / 
alternatives 

Provide the possibility to use 
optimization algorithms to 
propose solutions 
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5. Discussion 

5.1. Reliability of the results 

 

The environmental impact assessment for the two reference buildings through a life cycle perspective 

indicates that results from BM are reasonably close to the ELP-s results. However, there is a considerable 

deviation about the carbon footprint of two materials (i.e., aluminium profile and insulated glass) in the 

material production stage. This is due to the differences in the tools' databases: carbon footprint values 

(per kg) for two materials in ELP is lower than BM. Regarding the carbon footprint in material transport 

stage, the inconsistent results are mostly linked to the default values in the BM database in which values 

for two of the main parameters (distance and mode of transport) differ. Initially, it should be implied that 

the database of ELP-s is old (Sinha et al., 2016), while the BM tool is under development and its database 

is expected to be more up-to-date than the ELP-s tool.  

 

The second point is about the finding proper materials which are identical to the material in ELP-s study. 

For several materials, detecting the corresponded materials within the BM database, particularly for the 

wood products, was user-friendly. Nevertheless, there were a few materials which needed more effort and 

exploration, specifically for the metal material group; thus, the fittest materials were chosen. The third 

point is about the materials’ lifespan. In the ELP-s tool, the materials’ lifespan is determined for each 

material. They have mostly 50 years lifespan while for a few materials this amount is 25; therefore, the 

needed kilogram amounts are doubled for these materials. However, the BM tool has not specified the 

materials' lifespan and this is due to the scope of the tool (A1 to A5). Consequently, there is a risk of 

causing a fault regarding the required kilogram amount of building materials and the carbon footprint 

assessment throughout the stages A1 to A4. 

 

In material production phase (A1 to A3), the carbon footprint calculated for insulated glass and 

aluminium profile materials by BM tool was considerably larger than the results calculated by the ELP-s 

tool. This disparity stems from the different amount of carbon footprint per kilogram of the materials in 

database of BM and ELP-s tools. In order to identify the precision of the results, the carbon footprint 

values for these two materials are compared with the values in GaBi database (Sinha et al., 2016). The 

investigation showed that the result for insulated glass calculated by the BM tool has slight deviation in 

comparison with the ones leveraging the GaBi database. However, for the case of aluminium profile, GaBi 

database indicates the value of 9.3 kg CO2eqv/kg, which is larger than the value in ELP-s and lower than 

the value in the BM tool. On the one hand, the database of the ELP-s tool is specified for Sweden. Thus, 

the Swedish electricity grid mix is used for material production in Sweden which entails a lower carbon 

footprint compared to the European average. On the other hand, the value of carbon footprint for 

aluminium profile has been accounted conservatively in the BM database. This may be due to the fact that 

aluminium profile in the BM database is not specified whether aluminium was recycled or not. Besides, 

the feasibility of importing EPD to BM tool should not be overlooked: accessing to EPD of different 

suppliers through the BM tool enables architects to make a better decision regarding the choice of 

building material with different environmental performances (GWP value).  

 

Regarding the transport phase, the same distance quantities and the same transport modes were used in 

the ELP-s and the BM tools. However, the carbon footprint outcome during the stage A4 is larger when 

calculating by the BM tool (specific scenario). This stems from higher value of the carbon footprint per 

kilometer of transport via truck in the BM database in comparison to the ELP-s database. The reason 

behind this discrepancy results from the type or source of fuel used by the trucks, or, as mentioned earlier, 

the lifetime of the data (which is older in ELP-s). Regarding the suggested transport scenario by the BM 
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tool (general scenario), the default data (i.e., the material suppliers and the transport modes) is not 

compliant with ELP-s database. 

 

Performing an environmental impact assessment through the BM tool and comparing it with the ELP-s 

tool show clearly the consequence of using different datasets. Further, the default values in the BM tool 

can be utilized for assessing the environmental impact of building in the early stage of design. However, in 

several cases, applying such default values would lead to a more environmentally friendly design, while in 

other cases, the default values would enhance the environmental impacts of the design. Therefore, in 

order to gain a fair outcome from the BM tool, architects have to be familiar with all types of the building 

materials/components as well as the related suppliers to choose their preferences among various options. 

Moreover, it is necessary for architects to have knowledge of working with EPD and its integration into 

the BM tool. 

 

Since the concrete material group contains more than 90% of the total material of the concrete frame 

building, the distance value for concrete plays a substantial role in terms of total carbon footprint in the 

transport stage. Depending on the location of the concrete material supplier, the total amount of carbon 

footprint will be changed dramatically which was obvious by comparing the two transport scenarios of the 

BM tool. Concerning the significantly large value of carbon footprint for the general scenario, an error 

related to an unneeded distance value for concrete transport was identified in the BM database. Regarding 

the specific scenario, the total value of the carbon footprint for the transport stage is greater than the 

value in the ELP-s calculation. This is due to the fact that a number of transports in ELP-s study are 

accomplished by boat which entails lower carbon footprint (more than half) in comparison with the truck 

mode. As the boat transport type is missing in the BM database, it was replaced by the truck mode which 

leads to a larger value of carbon footprint. Regarding the wooden frame building, the carbon footprint for 

the general scenario is much lower than the one in the specific scenario and ELP-s. This is due to the fact 

that more than 85% of the total materials in the wooden frame building include wooden derivations and 

therefore, the choice of related suppliers is significant. Concerning the general scenario of the BM tool, the 

domestic suppliers (shorter distance) are considered as the default options for the wooden products. 

 

The environmental impact calculation of building materials through the BM tool was another evidence to 

support the benefit of choosing wood material in terms of CO2 emission like many other studies on this 

issue (Gustavsson et al., 2006; Yüksek, 2015). However, Wallhagen (2010) pointed the fact out that there 

are a number of criteria included in other tools, e.g., LEED and EcoEffect that will most probably affect 

the choice of building materials. The criteria mentioned are specified as reused, recycled, rapidly, 

renewable, low environmental impact, regional (manufactured close to the construction site), and 

responsibly sourced certified wood. Notwithstanding, it has been mentioned in the literature review 

section (see Sec.2) that for the early design process, GWP (global warming potential) and PENRT 

(primary energy non-renewable, total) are the most necessary indicators.  

 

5.1.1. The revision of ELP-s algorithm 

 

Along the reviewing results from ELP-s and related calculations in excel file, it seemed that some 

amendments are required in terms of the used algorithm and calculation. Afterwards, the material 

transport algorithm for calculating carbon footprint in ELP-s was revised and recalculated. After the 

recalculation of the carbon footprint for material transport (stage A4) in ELP-s the amount decreased by 

41.6% for concrete frame building and by 37.9% for the wooden frame building. The new results 

illustrated that the modification contributes to the total amount of the carbon footprint (stages A1 to A4) 
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reduction less than 1.5% for the concrete frame building and 10.2% for the wooden frame building. These 

differences in values are due to these ratios: 

 

Carbon footprint (A1-A3) concrete / Carbon footprint (A1-A3) wood >1 

Carbon footprint (A4) concrete / Carbon footprint (A4)wood <1  

 

For the concrete frame building, the carbon footprint of transport is much less than the carbon footprint 

of material production. Thus, the revision of the transport algorithm causes an inconsiderable difference 

in the overall result. But, for the wooden frame building the revision makes a more considerable variance. 

By looking at the above ratio as well as the values in Table 6, the significant role of material transport for 

the total carbon footprint of the wooden frame building become obvious. Therefore, the conclusion would 

be that the contribution of the revised ELP-s for the reduction of carbon footprint is very depended on the 

type of material. Hence, future studies which want to work with ELP-s as an environmental assessment 

tool have to consider those disparities. 

 

  

5.2. The desirability of the BM tool for architects in the early design 

 

According to the results indicated previously (see Table 7), the proposed evaluation framework includes 

multiple criteria required for LCA-based tools used by architects. In this part, the most important criteria 

from the user interface angle and the calculation methodology angle are discussed in correlation with the 

BM tool for all four themes. 

 

5.2.1. Input theme 

 

BM tool has a complete database of climate data for building material in the Swedish market stemmed 

from the IVL data resource (IVL, 2018). Through BM, users will be able to import new building material 

with a specific data of environmental product declaration (EPD) from an intended supplier. This can help 

to compare different design solutions for decreasing climate impact from building materials. However, the 

process is time-consuming and needs extra efforts for architects. Moreover, in primary stages of design, it 

is probable that architects would need to access data of default values for assessing an unfinished 

building; which is not possible through the BM database.  

 

Among the various levels of LCA assessment (see Table 1 and Figure 5), the level of screening LCA is fairly 

corresponds to the early stages of the architectural design process. Material and geometry are the two key 

parameters for architects at this level of design when the level of details is low and the limitation of 

information is high. These parameters are the main influencers to reduce the environmental performance 

of a building in the early stage. Hence, two methods are suggested by Meex et al. (2018) to compensate for 

the missing data, while still being able to reduce the environmental impact caused by the material. One is 

to use general environmental data to choose between different alternatives for construction frames, such 

as concrete or wood. The first approach provides a basic assessment and an insight for the architects to 

choose the most proper material type. At this stage of design in which the level of detail is limit, the focus 

on the design quality by architects will be more.  

 

In this study, the mentioned approach has done comfortably through the BM tool. The comparison 

between the environmental impact of wooden frame and the concrete frame for the building structure has 
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been made through the general environmental data recommended by BM. Another method recommended 

is to choose between different alternatives of producers or suppliers for a specific product which in turn 

causes different environmental impacts; such as selecting a timber supplier with the lowest environmental 

impact according to its EPD. Nevertheless, BM provides this possibility for users to choose a material with 

the lowest environmental impact from a particular producer. Further, the capability to import the 

material related EPD to the tool source is manually possible.  

 

However, for architects, the stage of inputting environmental data (generic data and EPDs) is tedious and 

time-consuming when it is done manually and with full of details. Rather, architects prefer to accomplish 

this phase via geometry and design software used often during the early stage of design. Thus, merging 

the 3D model and the environmental assessment process will make the design process desirable for 

architects in terms of saving time and effort (Meex et al., 2018). This integrating feature is totally lacking 

in the BM tool since the geometry factor - the second factor with a major effect on the environmental 

performance of a building is the geometry in early design (Hollberg & Ruth, 2016)- for the building has 

not been involved. 

  

5.2.2. Calculation theme 

 

From the back end perspective, the methodology of calculation is important in LCA practices. From the 

front end viewpoint, formulating and controlling the methodology and calculation is not favourable for 

architects. Rather, they would prefer being able to access transparent assumptions to track the results' 

roots, if required. For the BM tool, the methodology of calculation is not comprehensible from a user 

perspective. For instance, within the climate declaration report obtained from BM, a number of results are 

incomplete and the origin of the results for the transport stage is unclear. Regarding the 

communicativeness of the BM tool, IVL has documented a non-detailed user manual which contains the 

following parts: install BM, uninstall BM, proxy settings, user account, your organization, project, and 

help. Moreover, IVL is arranging educative sessions and webinars constantly in different cities of Sweden 

to educate potential users.  

 

Regarding the choice of building lifecycle modules, EeBGuide (2018) points out that for performing a 

screening LCA, the modules A1 to A3 (product stage) and B6 (operational energy use) (see Figure 1) are 

mandatory. Furthermore, material selection in the early design process influences significantly the 

environmental impact and the embodied energy of a building (Meex et al., 2018). An integrated approach 

which contains both environmental impact and operational energy helps architects to design more 

optimally; thereby, less time and effort are needed for the calculation process.  

 

Essentially, the climate declaration reported from BM includes the construction stage A1 to A5. The BM 

developers have considered the boundary A1 to A3 for calculating the minimum LCA of a building. They 

state that the environmental impact of energy use in operational stage is extremely relying on the scenario 

of the energy system in future; hence, it is not feasible to report the environmental impact of the modules 

A1 to A5 with B6 in the climate declaration. However, Meex et al. (2018) framework implies that the 

operational energy of a building is not only affected by the users in the operational stage, but also by the 

architects in the design stage. Thus, unlike the BM tool developers, the Meex framework suggests that it is 

necessary to take into account module B6 in early design. It recommended that for the screening LCA, the 

targeted energy performance would be accounted instead of the actual energy performance in the early 

design stage.  
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The other considerable criterion in the calculation theme is the selection of environmental indicators. 

Although the number of environmental indicators needed for screening LCA is not certain in EeBGuide it 

is deduced that GWP (global warming potential) and PENRT (primary energy non-renewable, total) are 

the minimum indicators which are necessary for screening LCA. EeBGuide (2018) states that in this type 

of LCA, depends on how much specific or holistic the study is the required number of the indicators will 

be varied from a single to more. The indicator in the BM tool is limited to GWP which is calculated 

through the carbon emission or CO2 eqv.  

 

The outcome resulted from the evaluation of the reference buildings in this study represented that by 

changing the construction material from concrete frame to wooden frame, the carbon footprint for stages 

A1 to A4 reduced around 75%. Wallhagen (2010) presented another case study in which carbon footprint 

of material production for an office building in Gävle decreased when the concrete slabs replaced by the 

wooden ones. Nonetheless, the lower amount of carbon emission in the production stage for the wood 

material would not be merely determinative, since the other environmental issues, e.g., biodiversity, land 

use, stormwater run-off, have not been taken into account. 

 

Data quality is another presented criterion by the framework which is related to the architects' 

expectations from the environmental data used in the tool. Architects would like to be assured by the tool 

developers about the reliability and objectivity of the environmental data. This will be achieved through 

the two main measures. Firstly, extracting data should be from the same database with the same 

assumptions. In BM tool, the database, all the default values, and the hypotheses are developed by IVL 

(2018). Secondly, the tool developers should supply reliable environmental data in terms of geographical 

position and time for users. Concerning BM, the tool is newly developed and comprises a complete 

database of climate data for the building materials used in the Swedish market. 

 

Time-investment is the last criteria within the calculation theme. This means that architects as the 

intended users of the LCA-based tool would like to invest a limited time for the environmental assessment 

process of design at the early stage. Since the examination of the design solutions is the major priority for 

architects in this stage, the least possible interruption during the design process would keep the main 

design flow. Thus, the integration of design, 3D model and environmental assessment - as discussed in 

the input theme - as well as, performing real-time calculation and taking an instant answer from the LCA-

based tool will reduce the time-investment. Although the computation time for assessing the 

environmental impact of material in BM is quite short, shifting between different tools namely, 3D and 

design tool and environmental assessment tool, will be a distractor for architects' workflow.  

 

5.2.3. Output theme 

 

The output phase is quite remarkable for architects as it indicates the consequences of their efforts to 

reach the most desirable design (aesthetically, functionally, technically, and environmentally-friendly) 

solution. The criteria for a favourable output from the architects’ perspective are determined by the 

framework as the level of supportiveness, simplicity, and adaptability to the design stages. Thus, with 

respect to the environmental issues, dealing with one aggregated score for the environmental impact is 

more desirable for architects. Moreover, EeBGuide stated that tools should be able to aggregate scores for 

various scales of details, such as: per lifecycle stage, per building, or per component. Furthermore, the 

visually comprehensible output which is easy to interpret in a concise report should be provided by the 

tool to have a better interaction with customers. Besides, valid feedbacks and suggestions should be 

included in the report.  
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The BM tool provides a climate declaration report in which facilitates user with one environmental 

indicator GWP and a single score resulted from the calculation of CO2. The report indicates GWP (CO2 

eqv) for the overall construction phase and for each scenario namely, specific scenario and general 

scenario, separately. Further, the report is easy to follow and informative for users to get the outcome 

regarding the environmental impact of building. The environmental impact analysis has been carried out 

in this research through the BM tool to compare the environmental impacts of the wooden frame and 

concrete frame buildings.  

 

The result obtained from the climate declaration report in the shape of a single score of carbon footprint 

showed 75% reduction by replacing concrete with wood, most likely will lead to a different architectural 

design which may not be desirable for architects. The Grönskär project is an example which represented 

the influences of choosing an environmentally-friendly material, i.e., wood, on the architectural design 

and the construction method (Wallhagen, 2010). The study indicated that in order to have the same 

material performance in terms of load bearing, the consequences of the visual changes in architectural 

design will be inevitable, e.g., facades.  

 

However, this is not a favourable procedure for architects to adjust and modify the design process based 

on environmental issues. Since, the BM tool is not being integrated into the process of design to provide 

feedback in other aspects, e.g., aesthetical and functional, for architects. Moreover, it is substantial to take 

into consideration the risk of ignoring the aesthetic and functional aspects of the design for the sake of 

environmental performance improvement of the building (Wallhagen, 2010). Notwithstanding, there are 

currently a few LCA-based tools which indicate the results visually architect-friendly, like CAALA and 

eLCA (Meex et al., 2018). They use various graphs to illustrate the hotspots from the environmental 

impact of building components connected to the 3D model; thereby, architects will gain a better 

perception in the early process of design. 

 

According to Meex et al. (2018), there are different suggestions regarding the issue that how an LCA study 

can consider the uncertainties. However, the suggested uncertainty analysis methods, e.g., Monte Carlo 

simulation or sophisticated statistical methods are time-consuming and too complicated for non-experts. 

Thereby, a method that would analysis uncertainties while communicating with the users effortlessly is 

missing yet. The other criterion is regarding the national average or target values for individual building 

materials and the whole building. The BM tool will partially address the criterion because the BM 

resources are selected in a way to meet the requirements of Environmental Building 3.0 (Erlandsson, 

2018). 

 

5.2.4. Usability in the design process 

 

Besides all the criteria introduced for design-oriented LCA-based tools in three themes, Meex et al. (2018) 

proposed some other criteria which mainly focuses on front end perspective of the tool. The framework 

recommends that the tool should be in a way that all data can be adaptable to the early design stage. 

Further, it is important that the tool would create and examine the alternatives solutions simultaneously. 

An LCA-based tool needed to be flexible as well, meaning that it should be evolved gradually along with 

the design stages in terms of the details level of data to evaluate the environmental impacts. The 

parametric approach is suggested by Meex et. al (2018) to enhance the pace of assessing different design 

solutions, while the wasted cost is reducing. In this way, instead of using certain values, parametric inputs 

will make the tool more flexible. 
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All in all, BM tool cannot fulfill the requirements regarding the flexibility and adaptability from both 

perspectives. Although the material and transport parameters can be changed easily via the BM tool, there 

is no correlation between the BM tool and the modelling (3D model) and design stage. When the 

parameters (i.e. material and transport) are changed in BM, architects have to make an extra effort to 

adjust changes in other modelling tools used normally. This leads to an undesirable and inefficient design 

process for architects. 

 

5.3. Personal experiences of working with the BM tool 

 

The main intention in this section is to reflect the personal experiences as an architect from the process of 

learning and working with the BM tool. The following subsections highlight the strengths, weaknesses, 

opportunities, and threat about the BM v1.0 tool. 

5.3.1. Strengths 

 

➢ The BM tool is newly developed, almost one year, and comprises a holistic database of climate 

data for the building materials in the Swedish market. This gives an assurance to the users 

working in the Swedish context that will find the needed generic data via BM tool. 

 

➢ One of the most significant pros of the BM tool is the easiness of working with it. Although the 

tool is based on the life cycle analysis methodology which is an immense concept, the way that the 

tool is designed allows the non-experts in LCA to become the possible users. Users will be able to 

generate a climate declaration for a building in a limited time. Besides, the structure of the tool is 

user-friendly. 

 

➢ After setting demanded data to the tool, the report of climate declaration will be exported in an 

excel file. This report includes graphs and tables which are informative and easy to follow. The 

report gives an immediate impression to the architects regarding the environmental impacts of 

the preliminary designs. 

 

➢ The possibility of importing data for a specific material or supplier is done through EPD provided 

by the associated company. The importing process is manually possible through the BM tool 

which is useful for comparing different design solutions in the early stages. 

 

➢ In the transport stage A4, the tool provides information regarding the transport modes and 

distances for each building material in its database. These parameters can be replaced by own 

data comfortably to compare different scenarios. 

 

➢ The tool developers are arranging educative sessions and webinars constantly in different cities of 

Sweden to educate potential users. It is also possible to make contact with them and ask for 

specific difficulties regarding the tool. 

 

➢ The BM tool provides the possibility of creating a common reference database to users. After 

finishing the calculation of a building, it will be saved in the user's library. Meanwhile, the 

calculation is stored in a shared library and a common reference database will be created from the 

users' results. Thereby, users will be able to cooperatively foster the reference buildings. 
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5.3.2. Weaknesses 

 

➢ The only indicator considered in the BM tool to assess the environmental impact of a building is 

Global Warming Potential (GWP). As mentioned earlier (see Sec. 2), it is recommended that the 

total use of non-renewable Primary Energy Resources (PENRT) should be counted for the 

screening LCA studies. Thereby, a wider perspective is provided to the users in the decision-

making process (EeBGuide Project, 2018). 

 

➢ Regarding the transport stage (A4) in the BM tool, the value of the carbon footprint for each 

transport mode per kilometre has not been clearly determined. However, the carbon footprint can 

be calculated by adding the used energy (MJ/ton km) and the fuel impact kg CO2eqv/MJ in case 

of availability. 

 

➢ There are a number of building material suppliers which are neighbors of Sweden and mainly 

using boat for transportation. The boat transport mode entails a lower carbon footprint (more 

than half) in comparison to the truck mode. However, boat transport mode will be added to the 

tool in the next tool updates. 

 

➢ The process of importing EPD is basically carried out manually. This process is tedious and time-

consuming for architects. However, the automatic import of EPD into the BM tool will be possible 

in future. 

 

➢ Concerning the calculation of uncertainty, the BM tool like many other LCA-based tools is lacking 

a simple and communicative uncertainty analysis method. There is a recommendation that the 

statement regarding the uncertainty of the results should be included in the final report 

(EeBGuide Project, 2018). However, the next version of the BM tool will include the uncertainty 

analysis, namely the scope and data gaps in the final report. 

 

➢ Since the BM tool is not being integrated into the process of design, architects have to work with 

different tools simultaneously, i.e., 3D and design tool and environmental assessment tool, which 

is a distractor for architects' workflow. Furthermore, this is not a desirable procedure for 

architects to adjust and modify the design process based on environmental issues.  

 

5.3.3. Opportunities 

 

➢ The tool is still under development by IVL and some features will be added in the close future. 

One of the important improvements is regarding digital import via ILCD and EPD. Thus, the tool 

serves as a collective database, where manufacturers can register and store their construction 

product declarations. The purpose is to facilitate the process for both manufacturers and builders. 

Accounting the social aspects is also the other goal for the tool developers. 

 

➢ It would be a great opportunity to integrate the LCA-based BM tool as a plug-in into 3D software, 

e.g., SketchUp. 

 

➢ From a methodological point of view and according to EeBGuide (2018), module B6 (operational 

energy use) should be considered in screening LCA. Meex et. al (2018) suggests that targeted 
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energy performance can be accounted instead of the actual energy performance in the early 

design stage.  

5.3.4. Threat 

 

➢ The BM tool has not specified the materials' lifespan within the calculation process and this is due 

to the scope of the tool (A1 to A5). Thus, there is a risk of causing a fault regarding the required 

kilogram amount of building materials and the carbon footprint assessment throughout the 

stages A1 to A4. 

 

5.4. Future Work 

 

In the future version of the BM tool, specifically, module B6 (operational energy use) can be involved in 

the climate declaration report. This can be accounted through the targeted energy performance instead of 

the actual energy performance in the early design stage. Moreover, as future work, the parametric method 

can be integrated into the environmental impact assessment process within the BM tool to create an LCA 

parametric approach. A parametric approach would be an efficient solution (in terms of saving time and 

energy) encompassing multiple parameters which can be modified, added, and removed in order to reach 

the optimal solution in design. In this method, the process of decision-making would be facilitated for 

users by the real-time feedback from the LCA outcomes. Furthermore, the parameters required by other 

users of the BM tool, e.g., property owners, contractors, and consultants, which may be related to the 

economic or social aspects, can be provided by the tool developers. By doing so, several common 

parameters would be emerged and also the potential users may share parameters in case they are 

interested in. 
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6. Conclusion 

 

The environmental impact assessment for concrete and wooden frame buildings through a life cycle 

perspective indicated that results from BM are reasonably close to the ELP-s results. The overall results 

from both tools are consistent so that the concrete frame building produces a greater amount of carbon 

footprint during the stages A1 to A4 compared to the wooden frame building. However, performing an 

environmental impact assessment through the BM tool and comparing it with the ELP-s tool show clearly 

the consequence of using different datasets.  

 

The considerable deviation was related to the carbon footprint of aluminium profile in the material 

production stage. The value of carbon footprint per kilogram of the material for aluminium profile has 

been considered conservatively in the BM database. This could be due to the fact that in the BM database 

it is not specified whether aluminium profile was recycled or not. Thus, the BM database should contain 

more options regarding aluminium material and also specify the recycled and not recycled types (to be 

considered in the next versions of the tool). Furthermore, an error related to an unneeded distance value 

for concrete transport was identified in the BM database: it significantly induced the large value of carbon 

footprint for the concrete general scenario (to be considered upcoming versions).  

 

The framework, used to evaluate the desirability of the BM tool for architects, suggests several criteria 

required for an LCA-based tool implementation in the early design. The outcome indicated that the 

majority of criteria, not satisfied by the BM tool, were related to the geometry parameter and associated 

3D model. Thus, in order to make the decision-making process, desirable for architects in the early stage 

of building design, the two parameters, i.e., material and geometry, should be utilized in parallel, and in 

the correlation between the LCA-based tool and the modelling (3D model) in the design stage.  

 

On the one hand, the LCA methodology in the BM tool is simplified in a way that makes the process 

comprehensible and easy to learn for non-LCA-experts. Since the tool is under the development, minor 

amendments would make the carbon footprint evaluation robust for the early stage of design. On the 

other hand, from the requirements of the architects' point of view, the fundamental modifications are 

needed in the structure of the tool. If architects intend to work with such an LCA-based tool, they have to 

make an extra effort to translate the resulted information from the environmental assessment tool to the 

inputs of the modelling tool and vice versa. This leads to an undesirable and inefficient design process for 

architects. Since different groups constitute the “target users” of the BM tool, e.g., property developers 

and constructors, the scepticism arises about the level of desirability or difficulty of working with the BM 

tool for such a wide range of groups. 
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