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Abstract

This thesis explores the relationship between Scope 3 activities, referring to the direct greenhouse gas
emissions within an organization value chain, during renovation projects, and the subsequent
reduction in emissions during the operational phase of a building’s lifecycle, leading to a payback
period on CO,e emissions, in the context of the Dutch building sector. The study provides a
comprehensive understanding of the environmental impact of renovation projects and develops a
practical tool to calculate the total CO,e emissions for Scope 3 in renovation projects. By conducting a
literature review and an empirical study, the research addresses the gaps in the existing knowledge
and provides insights into the relationship between Scope 3 project emissions and the performance
on the operational phase of the building’s lifecycle, pre- and post-renovation in the Dutch building
sector.

The theoretical contribution of this study lies in advancing the understanding of the relationship
between Scope 3 CO,e emissions and the operational CO,e emissions of a building in Dutch building
renovation projects, both pre- and post-renovation, while the practical implications can be applied to
long-term sustainability management. Based on the outcome of the research, hotspots were identified
within Scope 3 activities, where management can take the most valuable sustainable practices. The
developed tool can be adapted to organization-specific data, helping management identify their
specific hotspots and make informed decisions about sustainable practices in renovation projects.

The findings of this study have important implications for stakeholders in the Dutch building sector,
offering a practical solution to analyze CO,e emissions and see the hotspots where the emissions are
set free in Scope 3 activities to reduce the environmental impact of renovation projects. The study also
discusses the research design, identifies the limitations of the research, and provides
recommendations for further research.

In conclusion, this thesis provides a comprehensive analysis of the relationship between Scope 3
project emissions and operational CO,e emissions of a building’s lifecycle pre- and post-renovation in
Dutch building renovation projects. The developed tool offers a practical solution for building
organizations to identify emission hotspots and implement sustainable practices, ultimately
contributing to long-term sustainability management. The findings have significant implications for
stakeholders, guiding informed decision-making to reduce the environmental impact of renovation
projects.
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1. Introduction

Nowadays, firms face new challenges in which sustainability is a major aspect of their operations.
Firms must act toward creating a sustainable future. It is crucial to take sustainable actions in business
operations and tackle climate problems now rather than delaying action. The longer we wait, the more
difficult and expensive it will become to mitigate the negative impacts of climate change. Delaying
sustainable practices also increases the risk of irreversible and catastrophic consequences, such as
rising sea levels, extreme weather events, and species extinction, which could have severe implications
for human well-being and the global economy (Welford 2016). Therefore, many firms already
incorporate sustainability considerations into their business models (Begg, van der Woerd, and Levy
2018). Managers try to find ways to integrate sustainable aspects into the daily operations to positively
impact both the company and society, so a sustainability strategy arises. This strategy is about the
sustainable activities the firm carries out. Within the sustainable strategy, answers are given to
guestions about which aspects in the society the firm is creating an impact and value for, and what the
stakeholders' expectations are.

Sustainability can become a problem if not incorporated into the business model, especially for large
firms. Large firms are defined as companies that meet at least two of the following criteria: (1) more
than 40 million in net sales, (2) over 20 million in the balance sheet, and (3) having 250 employees or
more (RSM, 2023). Starting from 2025, these firms must comply with the Corporate Sustainability
Reporting Directive (CSRD) under the European Union's regulations (RSM, 2023). When a firm is not
able to report on the CSRD regulations it can get multiple sanctions. These can vary from fines to
lawsuits to suspending licenses from the firm. On top of this, it can become worse for firms if they get
sanctions that become public. The effect of negative publicity will lead to a bad reputation because
they do not comply with the necessary regulations, which shows irresponsibility and untrustworthiness
(Hur, Kim, and Woo 2014). The consequence is that customers boycott the firm and go to competitors,
which directly affects the market position because of the loss of market share.

CSRD focuses on Environmental, Social, and Governance (ESG) indicators, providing stakeholders with
information about a company's sustainability performance. Small and medium enterprises (SMEs) will
also be required to report starting in 2027 based on data from 2026. Studies show that institutional
investors are increasingly interested in the ESG performance of firms (Park and Jang 2021).
Additionally, stakeholders pay more attention to the company's sustainability practices, putting
pressure on firms to perform better (Haleem et al. 2022). This encourages firms to perform and
implement sustainable management practices. The CSRD contains mandatory measures that provide
stakeholders with insights into the sustainability practices of large firms. Firms can also choose to
disclose more information about their sustainability practices, in addition to the regulations. Firms can
have a look at the United Nations' Sustainable Development Goals (SDGs) to guide their efforts. These
goals are adopted by the United Nations to address climate change by 2030 (United Nations, 2023).

1.1 Problem statement

In the environmental sector from the ESG, there are several points firms can report on. Looking
towards the environmental sector, previous research has shown that the construction sector accounts
for 33% of the worldwide greenhouse gas (GHG) emissions (Allwood, Cullen, and Milford 2010). GHG
emissions are gases that are released into the atmosphere that contribute to the greenhouse effect
and global warming. The most common greenhouse gases include carbon dioxide (CO;), methane
(CH4), nitrous oxide (N20), and fluorinated gases (Means and Lallanilla 2021). CO, has the highest
proportion of GHG gases, namely 76% (Global emissions, 2019). In Appendix A an overview is given

1



about the global distribution of CO, emissions by sector. This shows that building operations, building
materials, and construction are responsible for 39% of the total CO, emissions. Looking towards the
CO, emissions in the construction sector, the government of the UK has researched the construction
industry and shows that the amount that the construction industry contributes towards CO, emissions
is relatively high. This comes forward through the analysis that the construction sector is one of the
main sources of GHG emissions, it accounts for around 47% of the total CO, emissions in the UK (BIS
2010). While there may be some differences in the specifics of the construction sector's environmental
impact in the UK and the Netherlands, such as the types of materials used or the specific pollutants
emitted, it is clear that the sector impacts the environment in both countries. Looking at the sectors
for the Netherlands, the construction sector comes in third place when it comes to the total CO,
emissions and can be seen in Appendix B. Looking towards all the activities construction firms carry
out within their project portfolio, less is known how this is divided in the Netherlands. It depends on
the structure of the firm and its strategy. Because in the United States, 40% of the total projects are
carried out in housing construction according to Statista 2022, which is a large amount, a more in-
depth look will be given towards housing construction and how sustainable they are built and perform
over time. Moreover, in the introduction was said that there are upcoming regulations on the CSRD
and that stakeholders attach value to firms who run their business more sustainable. This is also a
reason that a look will be given on how to make a sustainable impact within housing construction.

Construction firms are responsible for the construction of residential houses and the main activities
that emit CO, in the environment come forward within this process. These phases include the
products, construction, use phase, and the end-of-life of the building (Nwodo and Anumba 2019). The
category that has a high percentage within the CO, emission of the construction sector is the use
phase. The use phase of a building contains several activities namely: use (operational energy use and
operational water use), maintenance, repair, and replacement refurbishment (Abd Rashid and Yusoff
2015). The use phase accounts for a total of more than 69% of the GHG emissions in a building’s
lifecycle (Bastos, Batterman, and Freire 2014). CO, emissions that are emitted during the use phase
are called operational CO, emissions. CO; that arises from other lifecycle phases, i.e. product design,
construction, and end-of-life phase, are called embodied CO, emissions (Programme and Architecture
2023). Therefore, the use phase can be called the operational phase.

This paper will look into the carbon dioxide equivalent emissions (CO,e) emissions for construction
companies when possible. CO,e emissions are all the GHG emissions that are recalculated to CO,
emissions. When other GHG emissions emit during activities these will be recalculated to CO,e
emissions. Because CO, emissions are the largest contributor from all the GHG gasses within the
construction sector according to Global Emissions (2019), and the construction sector emits a large
proportion, 33%, towards the environment from all sectors according to Allwood et al (2010), focusing
on the construction sector can be helpful to add new literature to bring down the total CO,e emissions
in the construction sector.

When construction firms want to make a sustainable impact on having less CO,e emissions in the
housing construction there are two important views, the housing construction as a whole of building
residential houses or renovation projects which focus on reducing operational usage. Both, renovation
projects and building residential houses, are important in the Netherlands. As the population continues
to grow, the need for new homes is becoming increasingly pressing (Lalor 2022). This means that
careful consideration must be given to the construction of new houses to ensure that they are both
functional and sustainable. One of the main concerns when building new homes is the environmental
impact. It is important to use eco-friendly materials and building techniques to minimize the carbon
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footprint of the new buildings. By building sustainably, it can be ensured that communities can
continue to thrive in the future. Renovation projects are interesting because the goal is to reduce CO,e
emissions in the operational phase of the building. After renovation, buildings typically do not require
the same amount of energy, electricity, and water as before, resulting in lower CO,e emissions than
before the renovation. The Netherlands is committed to reducing its carbon footprint and transitioning
towards a more sustainable built environment. Renovating existing houses plays a vital role in
achieving these objectives as it allows for retrofitting energy-efficient technologies. This helps to
reduce energy usage and dependence on fossil fuels, leading to lower emissions and a more
sustainable housing sector (Klunder 2005).

Now that it is clear that the construction industry has a significant proportion on emitting CO,e
emissions into the environment and the Netherlands is committed to making the construction sector
more sustainable, a look can be given into these CO,e emissions. CO,e emissions are divided into three
categories: Scope 1, 2, and 3. Scope 1 emissions are the direct emissions produced by the firm, Scope
2 emissions are indirect emissions, such as from electricity purchased, and Scope 3 emissions are
emissions in the value chain, including upstream activities (indirect emissions from suppliers) and
downstream activities (indirect emissions to consumers) (Toffel and Van Sice 2011). Research from
Huang et al. (2009) shows that Scope 3 emissions account for 70% to 80% of the total emission from
Scope 1,2, and 3.

Many studies have attempted to quantify the CO,e emissions that the construction sector is
responsible for in general. There has been a lot of research done on Scope 1 and 2 emissions and how
they should be reduced but not on Scope 3 (Toffel and Van Sice 2011). This means that for Scope 3
which is the biggest contributor in the construction industry, there is less known on Scope 3 emissions.
Looking more in-depth at why there is less known on Scope 3 emissions, Patchell (2018,) provides
reasons why not to report on Scope 3, such as difficulties in costs and responsibility allocation and
management of CO, emissions throughout the value chain. Also setting the boundaries for measuring
Scope 3 emissions is difficult. According to the Callahan et al. (n.d.) several factors cause this difficulty:

1. Complex value chain: Scope 3 emissions cover indirect emissions throughout a company's
entire value chain, including suppliers and customers. Firms often lack direct control over
these external activities.

2. Multiple categories: There are 15 categories of Scope 3 emissions, each with unique
characteristics, such as purchased goods, transportation, and product use.

3. Operational boundaries: Firms must define which activities they control to determine their
operational boundaries. While reporting Scope 1 and Scope 2 emissions is mandatory, Scope
3 reporting is optional but encompasses most of the GHG footprint, which is beyond direct
control.

4. Data collection challenges: Accurate data collection for Scope 3 emissions is difficult due to
the involvement of various stakeholders, requiring collaboration with suppliers, customers,
and partners.

5. Consistency and relevance: Companies need to identify the most relevant Scope 3 categories
and establish clear boundaries for data collection to ensure consistent reporting. Regular
updates and data verification are crucial.

All these difficulties imply why success in management and reporting on Scope 3 emissions has been
limited. However, with increased demand for transparency from stakeholders and regulations such as
the CSRD, construction firms must incorporate sustainability into their business models. Being ahead
of the CSRD regulations and being open to the stakeholders’ requirements, firms need to show how
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they perform on Scope 3 emissions. Keeping in mind that the Netherlands is committed to making the
construction industry more sustainable and Scope 3 is the largest contributor towards the total CO,e
emissions, there is need for more research on Scope 3, which can be confirmed by Downie and Stubbs
(2013). They mention the need to conduct further research on Scope 3 emissions, especially on the
aspect of measuring specific activities for the total Scope 3 emissions. Downie & Stubbs (2013)
conducted a study to see which methods and data distinct types of firms use to assess their Scope 3
emissions. At the moment there is a lack of tools to measure these emissions. Measuring Scope 3
emissions is challenging due to their indirect nature, complex supply chains, and data availability
issues. Firms need to collaborate with suppliers to minimize the environmental impacts and see how
much their total Scope 3 emissions are. With the upcoming CSRD regulations firms are becoming more
willing to collaborate which is good for building tools to calculate Scope 3 emissions. Also, Downie &
Stubbs (2013) mention in their article that firms require a simple spreadsheet tool that simplifies
calculating the Scope 3 emissions which can be used in sustainable reports. As said before, it is at the
moment not clear for firms how to calculate Scope 3 emissions, the information is not known or not
available and therefore the calculation and reporting on Scope 3 emissions are neglected. When a tool
is available or information on how much on average specific activities in Scope 3 emit, firms can use
this to measure their emissions themselves. This would help to get a clear calculation of the total
emission in Scope 3. The lack of tools to calculate Scope 3 emissions can also be stated by Shrimali
(2022), who suggests using methods such as the Greenhouse Gas Protocol which firms can use as a
guideline on what activities to measure within Scope 3 emissions, this will also be further discussed in
Chapter 2. However, Shrimali (2022) states that there are challenges in getting clear insights into Scope
3 emissions and that there is still much work to be done in developing standardized protocols and
approaches for measuring and managing Scope 3 emissions, which could help to increase transparency
and consistency in reporting these emissions. Standardized measures will increase information about
managing Scope 3 emissions because they can provide a consistent framework (Miinstermann,
Eckhardt, and Weitzel 2010). Therefore, it is an important addition to the literature to research
different relationships within the unknown aspects of Scope 3. Another addition to report on Scope 3
emissions comes from Roca and Searcy (2012). They carried out a study that investigates different
indicators on sustainability which firms include in their sustainability reports. The analysis of Roca &
Searcy (2012) focuses on how firms convey their commitment to sustainable practices, as well as the
specific areas of sustainability on which they choose to report. Within these reports, it came forward
that all firms together have reported on a total of 170 sustainable indicators. These indicators can be
categorized as Scope 1, 2, or 3 emissions. Based on these 170 indicators, this research provides an
analysis to place the indicators in the category of Scope 1, 2, and 3. A detailed table of the total number
of times an indicator has been reported can be seen in Appendix C. The figure in Appendix C based on
the study of Roca & Searcy (2012) revealed that Scope 3 has the most indicators but it is less reported
on by firms. While the indicators are there to report on, they are neglected in sustainability reports.
This aligns with the study by Downie & Stubbs (2013), which emphasizes the need for spreadsheet
tools to calculate Scope 3 emissions. Although Roca & Searcy (2012) demonstrate that Scope 3
emissions have numerous measurable indicators, these are often overlooked due to the lack of tools
and collaboration among firms, as noted by Downie & Stubbs (2013). Having the right tools would
enable firms to better prepare for upcoming CSRD regulations by allowing them to analyze, measure,
and report on Scope 3 emissions.

As described before, Scope 3 emissions account for the largest contributor of the total emissions within
the construction sector, the operational phase accounts for 69% of the GHG emissions of the lifecycle
of a building, and the Netherlands is focusing on building houses more sustainable, the objective of
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this paper has been narrowed down in this area. In addition, the upcoming regulations of the CSRD
make it necessary for firms to come up with sustainability reports on these Scope 3 emissions. Within
this area, there is a gap in the literature to fill and prepare firms for the upcoming CSRD regulations.
At the moment there is an unknown answer on the relationship between renovation projects on
sustainability performance and how they perform on operational Scope 3 emissions after the
renovation project in the Netherlands. This relationship can show how houses perform after
renovation projects compared to before the renovation has been done and how much Scope 3 has
been emitted during the renovation project. Research can be done on the total Scope 3 emissions that
are emitted during renovation projects, how much is emitted during the lifecycle of a building,
compared before the renovation to after the renovation. If the performance of the operational phase
of the house is known, meaning how much electricity and gas is consumed after renovation, then it
can be determined how much this saves compared to before the renovation. This can be compared
with the CO,e emissions that have been emitted during the renovation project. From this, it can be
calculated how much time it takes to regain these savings for the environment. When research has
been done on this calculation firms can mention it within their sustainability reports to substantiate
they are working on a sustainable environment.

1.2 Practical problem

In a discussion with Kormelink b.v., a construction company from the Netherlands preparing for
upcoming CSRD regulations, the emphasis is on meeting increased requests from suppliers for more
detailed information on sustainability practices. Kormelink b.v. aims to acquire insights that can be
effectively communicated to its stakeholders. Kormelink b.v. is currently engaged in projects for their
client, De Woonplaats, focusing primarily on renovating residential properties to improve their
sustainability. These projects involve activities related to the bathrooms, kitchens, and toilets of
existing houses. However, Kormelink b.v. currently lacks information on how much CO,e emissions
they have emitted during their projects with regards to Scope 3 emissions and what the operational
emissions on electricity and gas are for these houses, before and after renovation. They aim to
determine the areas in which certain projects outperform others and quantify the overall sustainability
improvements achieved in each project. Thus, the development of a tool that calculates Scope 3
emissions for each project would enable the identification of the first step of the relationship between
polluting activities of emissions during a project and how it affects the operational phase after the
renovation. It will identify the most sustainable choices that can be made for each activity within a
renovation project. In addition, the differences in performance can be seen easily within different
projects. For the operational phase Kormelink b.v. is dependent on other firms who measure the
performance of these houses. Therefore, the operational phase data needs to be collected from the
residents where renovation projects have been carried out.

1.3 Research goal

In combination with the literature gap on the relationship between the Scope 3 emissions within
renovation projects, the operational phase pre- and post-renovation, and the practical problem
Kormelink b.v. is struggling with, a goal has been set for this paper.

The main goal of this paper is to answer the following research question: “What is the relationship
between Scope 3 CO,e emissions and the operational CO,e emissions of a building in Dutch building
renovation projects, both pre-and post-renovation?”



For this research, the end-of-life phase is excluded due to a lack of data. While Section 1.1 already has
said that there is a need for a spreadsheet tool to calculate the Scope 3 emissions, this is also needed
to answer a part of this question. The tool should calculate the Scope 3 emissions from the renovation
project which can be used to calculate the time to regain the CO,e emissions in the environment
compared to the operational phase of a building. In Section 1.2 it was mentioned that Kormelink b.v.
does not have information on the operational emissions. These operational emissions are maintained
by De Woonplaats. Due to privacy reasons, they could not share this data on emissions. Although the
emissions can not be calculated directly from Kormelink b.v. the data on these emissions have been
gathered directly from residents where renovation projects have been carried out. This means that the
tool includes the input of data which is available to Kormelink b.v. for Scope 3 activities. These data
are categorized into specific Scope 3 activities so a distinction can be made where sustainable practices
can be made. As said before, the operational data of a building for the payback period is collected from
the residents where renovation projects have been carried out. The total CO,e emissions from the
project can be compared to the difference in the operational phase, pre- and post-renovation, to
calculate how much time is needed to regain the CO,e towards the environment. The insights provided
by the tool about the Scope 3 emissions should be included in sustainability reports to fulfill the need
for stakeholders to see that firms are being transparent and actively aware of their sustainability
performance. Stakeholders can gain insights into the processes and where polluting activities take
place, and the sustainability report can be used for decision-making toward sustainable practices.

To answer the research question the following sub-research questions have been made:

1. Which specific activities within Scope 3 emissions are related to renovation projects within the
Dutch building sector?

2. Which activities are the most influenceable within Scope 3 emissions related to renovation
projects?

3. Which sustainable practices related to Scope 3 activities for renovation projects can be
implemented at different phases?

4. What are existing tools or methods for gathering data on Scope 3 emissions?

5. How can Scope 3 project emissions, emitted before the operational phase, be effectively
measured to enable meaningful comparison with operational CO,e in the operational phase
of a building’s lifecycle?

6. What are the savings on operational CO,e emissions in the operational phase of a building’s
lifecycle after the renovation projects Kormelink b.v. has carried out?

7. What is the payback period on Scope 3 emissions that are emitted during renovation projects
and the savings in operational CO,e emissions in the operational phase of a building’s lifecycle
compared to pre- and post-renovation?

The data of the renovation projects of Kormelink b.v. is used to test and validate the tool. Then the
results from the tool are compared to the operational phase of the residential properties and
compared to how they performed while not being renovated.

The paper is structured as follows. Chapter 2 describes the relevant literature about the research
streams on GHG emissions in general and applies it to the literature for construction activities for Scope
3 and then looks towards renovation projects, it discusses the research streams on tools to calculate
the total CO,e emissions for Scope 3. Chapter 2 begins with an introduction to what Scope 3 activities
are. In addition, the housing construction process is mapped. After the construction process is mapped
a view is given of renovation projects and the operational phase after these projects. Thirdly it
discusses the existing tools to calculate the total emission. In Chapter 3 the methodology of the project
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is discussed. Chapter 4 discusses the performance of the built tool. Chapter 5 discusses the results.
Chapter 6 discusses the implications and limitations of the research. Chapter 7 is the conclusion and
gives a summary and possibilities for future research.



2. Literature review

This chapter gives a look into the existing literature about sub-research questions 1, 2, 3, and 4. In
Section 2.1 general Scope 3 activities are described and the renovation activities for Scope 3 are
discussed. This provided answers to sub-research questions 1, 2, and 3 In Section 2.2 existing tools
towards the measurement of Scope 3 emissions are discussed. Section 2.2. provided an answer to sub-
research question 4. The 2 sections in Chapter 2 together form the base input for the research design
in Chapter 3 which answers 5.

2.1 Scope 3 activities within the research

Before looking at the renovation activities within Scope 3, an understanding of all activities within
Scope 3 is necessary before specifying it towards renovation activities. Therefore, Section 2.1.1
discusses the general activities within Scope 3. Section 2.1.2 discusses the Scope 3 activities related to
renovation projects. Section 2.1.3 looks in depth at the lifecycle of renovation projects. Lastly, Section
2.1.4 discusses which activities are influenceable by the construction firms and how sustainable
practices can be implemented at different phases of a building’s lifecycle.

2.1.1 General Scope 3 activities

Looking towards the activities that are within Scope 3, upstream and downstream activities can be
distinguished. Upstream activities deal with indirect GHG emissions related to purchased or acquired
goods and services; downstream emissions are indirect GHG emissions related to sold goods and
services. Looking more in-depth at upstream and downstream activities, they both can be roughly
categorized into specific categories (Callahan et al. ,n.d.):

- Upstream activities:
o Purchased goods
Capital goods
Fuel- and energy-related activities (if not included in Scope 1 or Scope 2 already)
Upstream transportation and distribution
Waste generated in operations
Business travel

O O O O O O

Employee commuting
o Upstream leased assets
- Downstream activities:
o Downstream transportation and distribution
Processing of sold products
Use of sold products
End-of-life treatment of sold products
Downstream leased assets
Franchises
Investments

O O O O O O

2.1.2 Overview of Scope 3 activities within renovation projects

From the Scope 3 activities described in Section 2.1.1, the activities that are relevant for the research
question: “What is the relationship between Scope 3 CO,e emissions and the operational CO,e
emissions of a building in Dutch building renovation projects, both pre-and post-renovation?” need to



be selected. Therefore, a look will be given into the process of a building’s lifecycle which can be seen
in Figure 1.
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Figure 1: A building’s life cycle (Source: Nwodo & Anumba, 2019)

While these phases are from a building’s lifecycle it can be said that renovation projects have
similarities with the lifecycle in Figure 1. The comparison is within:

1. Product phase: In a building’s lifecycle, this involves the extraction, manufacturing, and
delivery of building materials. In a renovation project, this could involve sourcing new
materials or repurposing existing ones. Phase A of the lifecycle encompasses the raw
material supply, transportation, and manufacturing. This is the production of the end
materials which are being used in the construction phase.

2. Construction phase: In a building’s lifecycle, this is when the building is constructed. In a
renovation project, this is when the renovation work is carried out. This encompasses all the
activities from the products used when the production of the materials has been finished and
used in the renovation project.

3. Use stage: In a building lifecycle, this involves the operation and maintenance of the building.
In a renovation project, this could involve the use and maintenance of the renovated space
and the related energy usage to the renovated part. This is also called the operational phase.

4. End-of-life: In a building lifecycle, this involves the demolition and disposal of the building. In
a renovation project, this could involve the disposal of any waste materials generated during
the renovation. As mentioned, the end-of-life phase is not in focus of this research.

However, a key difference is that a renovation project typically focuses on a specific part of a building,
rather than the entire building. Also, the scale and impact of a renovation project are usually smaller
compared to a building’s lifecycle. For example, a renovation project may not have as significant an
impact on Scope 3 emissions as constructing a new building would. But like a new building, a
renovation project does offer opportunities to implement sustainable practices and reduce
environmental impact (Liao, Ren, and Li,2023). Now the activities are clear from a renovation building’s



lifecycle the link is put towards Scope 3 CO,e emissions and how important sustainable practices are.
This can be seen in the Table below:
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Phase

Key Activities

Scope 3 emissions

Importance of
sustainable practices

Al Raw material extraction | Emissions from energy | Using renewable
and processing, use in extraction and | resources, minimizing
processing of secondary | processing, energy consumption,
material input transportation of raw | promoting recycling to
materials reduce demand for new
raw materials
A2 Transport to the Emissions from Using low-emission
manufacturer transportation, including | vehicles, optimizing
fuel combustion and logistics, utilizing
vehicle manufacturing renewable energy sources
A3 Manufacturing Emissions from energy Reducing energy
consumption in consumption, using
manufacturing processes | environmentally friendly
production techniques,
minimizing waste
generation
A4 Transport to the building | Emissions from Minimizing emissions
site transportation, similar associated with logistics
to Phase A2 and delivery, optimizing
supply chains, and using
local suppliers when
possible
A5 Installation into the Limited emissions Efficient use of materials,
building directly associated with reducing waste,
installation, but employing eco-friendly
indirectly linked to construction techniques
embodied emissions of
materials and
transportation
B1-B6 Use, Maintenance, Emissions associated Designing for energy and
Repair, Replacement, with energy and water water efficiency, using
Refurbishment, consumption, renewable energy
Operational energy, and production and sources, implementing
water use transportation of green building standards,
maintenance and promoting circular
replacement materials | €cOnNomy principles
ci1-c4 De-construction, Emissions from Minimizing waste

Transport to waste
processing, Waste
processing, Disposal

demolition equipment
operation,
transportation of waste,
landfilling, or
incineration processes

generation, maximizing
material recovery through
recycling and reuse,
reducing emissions
associated with waste
disposal
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Reuse, recovery, and/or
recycling potentials

Emissions associated
with the production and
transportation of
recycled materials and
avoided emissions from
reduced demand for
virgin materials

Promoting material
circularity, designing for
disassembly, establishing
take-back programs,
supporting markets for
recycled materials

Table 1: Overview of building's lifecycle phases with the key activities, Scope 3 emissions and sustainable practices (Sources:
(Farsan et al. 2018; Gregory and Krol 2024; Anon 2011)

From all phases, it is clear what the Scope 3 emissions are and what the importance of sustainable
practices are. These sustainable practices can be implemented in organizations to achieve future goals
for achieving Zero-Emission buildings in 2050 (Toth et al. 2022). Because all the phases (from product
to end-of-life) of a building’s lifecycle will take place within renovation projects, Section 2.1.3 will look
at the existing lifecycle analysis literature and how this is related to Scope 3.

2.1.3 Lifecycle of renovation projects
As said in Section 2.1.2, all the phases of a building’s lifecycle will take place within renovation projects,
therefore, different kinds of lifecycle analysis can be approached to measure environmental impacts.
There can be distinguished three processes within the whole lifecycle as can be seen in Figure 2:

Product
Life Cycle

Models
(LCA)

Figure 2: Life cycle models (Source: Ecochain, 2023)

1. Cradle-to-gate emissions focus on the environmental impact of a product with the extraction
of raw materials for production. This means that it only assesses the upstream (up to the gate)
activities required to make the product.

2. Cradle-to-grave analyzes a product's impact throughout all five stages of the product lifecycle,
from sourcing raw materials (cradle) to product disposal (grave), where transportation can

occur at any stage.

3. Cradle-to-cradle is the lifecycle model that replaces the waste stage of cradle-to-grave with
recycling processes, allowing materials to be reused for other products which makes the

lifecycle circular.

These three stages can be linked back to the building’s lifecycle as described in Section 2.1.2. The
difference is mainly in the distinction between the upstream and downstream activities. Upstream
activities refer to the processes that occur before the construction of a building, such as the extraction,
manufacturing, and transportation of building materials, as they are responsible for a large portion of
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the embodied CO,e emissions. Embodied CO,e emissions are the emissions that are emitted during
the building’s lifecycle without the operational phase. In Figure 1 these are phases A and C. Phase A is
categorized as cradle-to-site and all phases without recycling processes are cradle-to-grave.
Downstream activities refer to the processes that occur after the construction of a building, such as
the use, maintenance, and eventual demolition of the building. Within the downstream activities, the
operational phase CO,e emissions are covered (Orr, Gibbons, and Arnold 2020). In Figure 1 this is phase
B. These activities also have a large impact on the carbon footprint of a building, it includes the
operational carbon emissions of a building’s lifecycle. The differences between operational and
embodied emissions can be seen in Figure 3:

PRODUCTION CONSTRUCTION USE END-OF-USE

Figure 3: Differences between embodied and operational emissions for a building’s lifecycle (Source: Programme and
Architecture 2023)

Section 1.1 mentioned the fact that the operational phase of a building’s lifecycle accounts for more
than 69% of the CO,e emissions of a building's lifecycle. Looking towards the distinction within the
lifecycle analysis, embodied CO,e emissions and, operational CO,e emissions, Zhang & Wang (2015)
states that about 82-86% of the total carbon emissions are in the operational phase of a building’s
lifecycle. This has shifted in recent years more to the distribution of 50 % operational and 50%
embodied carbon (Anon 2024c). Therefore, choices made in the embodied carbon phases of the
lifecycle are becoming more important than it was before because the distribution has shifted more
towards phases A and C. Orr, Gibbons and Arnold (2020) state that from the embodied carbon
emissions the most emit within phase A, product and construction. To get the most accurate carbon
emissions and eventually the CO.e emissions from each phase within the lifecycle, Environmental
Product Declarations (EPDs) should be used from each used material. Shortly, EPDs provide
information about a product's impact on the environment. This will be elaborated on in Section 2.2.

Figure For construction companies, understanding the different phases of the lifecycle and the
upstream and downstream activities is important to manage the CO,e emissions of their construction
operations effectively. By understanding all the phases within a building’s lifecycle on reducing CO,e
emissions, construction companies can work towards more sustainable building practices. As
described, it is clear that most CO,e emissions emit during phases A and C from Figure 1. Gathering
information on downstream CO,e emissions, in this case, phase C, for Scope 3 in the construction
industry can be a challenging task. The downstream activities refer to the indirect emissions that occur
outside the boundaries of a company's operations, and these firms need to be transparent in sharing
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information on the operational phase of the building. In addition, as per the environmental footprint
guidelines established by the European Commission, the consideration of upstream emissions is a
requirement, whereas the inclusion of downstream emissions is optional (European Commission,
2021). For most of the firms, the focus will therefore be on upstream activities. Sooner or later
downstream emissions will be mandatory to report on. Therefore, being prepared as a firm and already
taking actions towards both, upstream and downstream, emissions is the most efficient way to prepare
for the regulations.

Now that the different lifecycle models are clear and how operational and carbon emissions are
distributed within a building’s lifecycle, Section 2.1.4 describes what the influenceable activities are
within Scope 3.

2.1.4 Influenceable activities and sustainable practices for Scope 3 activities within a
building’s lifecycle

In the previous sections the activities of Scope 3 in renovation projects, the lifecycle models with
differentiation in kinds of emissions are described. This section looks into influenceable activities and
sustainable practices for Scope 3 activities within a building’s lifecycle to get a deeper understanding
of the research question of where organizations should implement sustainable practices first to bring
down their Scope 3 emissions. First, the influenceable activities will be discussed and then the link is
put towards sustainable practices according to studied literature.

A: Influenceable activities

In 2019 a case study was done for Mouwrik Waardenburg b.v. by an external company about Scope 3
emissions and where the firm can make an impact. The report of Mouwrik Waardenburg b.v. is not
fully in line with the Scope of this thesis because its focus is on road construction. However, road
construction and housing construction share similar Scope 3 activities. Both use concrete, need to
transport materials to the construction site, and often rely on rental services, which can be viewed as
subcontractors. Therefore, a look at the report of Mouwrik Waardenburg b.v. can help to rank the
most influenceable activities for some Scope 3 activities for a building’s lifecycle. The report of
Mouwrik Waardenburg b.v. describes the method used to analyze and quantify the Scope 3 emissions.
A ranking is established of the most material Scope 3 emissions, and quantitative assessments are
made by an external company. The report also emphasizes the importance of involving suppliers,
subcontractors, and other chain partners in working together to reduce CO,e emissionsin the projects
of Mouwrik Waardenburg. However, the report does not contain specific information about the size
of the Scope 3 emissions of Mouwrik Waardenburg b.v. the results can be used to rank the most
activities for Scope 3 emissions which Mouwrik Waardenburg b.v. can influence. The results can be
seen in Table 2 below.
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o In tons / hours .
Scbpe 3 category / activity yecesper | Influencable l:: 2::: Order
Transport 2301 hours Yes | aomneuenn '
Rental equipment 4944 hours No Downstream 2
Concrete products 59.750 pieces No Upstream 9
Asphalt 24 567 tons | Moderate Downstream 4
Sand 5543 tons No Downstream 11
Mixed granulate 4836 tons Moderate Downstream 5
PVC 12.713 kg Mo Downstream 10
Other raw materials 6769 6 tons Moderate Downstream 6
Waste (other) 4249 tons Moderate Downstream 7
Waste (asphalt) 987 tons Moderate Downstream 8
Hiring services 5290 hours Yes ggj;if:;afn 3

Table 2: Chain analysis for the most material Scope 3 activities (Adapted from: Waardenburg, 2021)

The column, order, can be used to interpret the results. The column order is based on the amount of
Scope 3 emissions and if it is influenceable. Although, in Table 2 rental equipment is not directly
influenceable by Mouwrik Waardenburg b.v., they have the opportunity to choose other organizations
where they can rent them. If these work more sustainably the Scope 3 emissions for Mouwrik
Waardenburg b.v. will go down. From this case study comes forward that transport, rental equipment,
and hiring services are the most influenceable and within these activities choices can be made to bring
down the Scope 3 emissions.

In addition, the company Koen Meijer b.v. had done a case study about their Scope 3 emissions. Koen
Meijer b.v. is a construction company and reported on Scope 3 emissions according to the GHG
Protocol, which will be described in Section 2.2.2. Looking towards the upstream and downstream
activities within Scope 3 they have made a matrix with five different categories to determine their
reduction goals for Koen Meijer b.v., which are the following:

1. Size; ratio of the amount of CO, of the assessed Scope 3 emission category.

2. Influence; the degree of influence the company can exert to achieve reduction.

3. Risk; The risk related to climate change. For example: financially, through regulation in the
supply chain.

4. Stakeholder; Stakeholders find it important that actions are taken for the reduction

5. Outsourcing; Outsourcing of activities that were previously performed by the company itself.

Every category can get a score of zero to five. Where 0 means that there is no influence and five implies
a lot of influence can be exerted by Koen Meijer b.v. The outcome of the matrix can be seen in Tables
3 and 4 below and shows the total points that are the most important for the reduction strategy. Table
3 is about the upstream Scope 3 emissions and Table 4 is about the downstream Scope 3 emissions.
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Matrix scope 3 emissions (upstream)
Category Criteria
Upstream Tonnes C0;  5ize Influence Risk Stakeholders  Outsourcing |Total
1. Bought
materials 127252 5 2 3 4 0 14
2. Capital goods 229,15 2 3 1 3 0 11
3. Fuel/energy
related products  |nfa 2 1 3 3 0 9
4, Qutsourced
transportation B2,83 1 5 3 3 0 13
3. Waste
processing 0,258 2 4 3 3 0 12
6. Business travel |nfa n/a n/a nfa n/fa nfa nfa
7. Commuter
travel Mihil 2 3 3 2 0 10
8. Leased assets |nfa nfa nfa nfa nfa nfa

Table 3: Important Scope 3 upstream activities (Adapted from: Meijer, 2021)

The results of Table 3 can be interpreted as follows according to the total category column on the
right:

Bought materials
Outsourced transportation
Waste processing

Capital goods

Commuter travel
Fuel/energy-related projects.

ok wnNPE

The upstream Scope 3 category of bought materials has the highest priority over all the Scope 3
upstream criteria groups combined with a score of 14. This means that the focus for Koen Meijer b.v.
in the first place for the upstream categories in reducing Scope 3 emissions is on the category of
bought materials. Looking at the downstream activities Table 4 can be interpreted.

Matrix scope 3 emissions (downstream)

Category Criteria

Downstream  |Tonnes CO,  Size Influence Risk Stakeholders  Qutsourcing |Total

1. Transportation

and distribution

of sold goods Unknown 2 4 2 4 12
2. Processing of

sold goods Unknown 1 1 1 4 8
3. Use of sold

goods Unknown 4 3 3 5 15
4. End of life

disposal Unknown 3 3 3 4 13
5. Leased assets [n/a n/a n/a n/a n/a n/a n/a

6. Franchise n/a n/a n/a n/a n/a n/a n/a

7. Investments n/a n/a n/a n/a n/a n/a n/a

Table 4: Important Scope 3 downstream activities (Adapted from: Meijer, 2021)

The results of Table 4 can be interpreted as follows according to the total category column on the
right:

1. Use of sold goods
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2. End of life disposal
3. Transportation and distribution of sold goods
4. Processing of sold goods

The categories of leased assets, franchises, and investments are not applicable. For the downstream
Scope 3 emissions this means that Koen Meijer b.v. should reduce the use of sold goods category as
first, the operational phase in the building’s lifecycle. When Koen Meijer b.v. reduces the categories
that have scored the highest for the upstream and downstream categories they are focusing on the
most important categories. While the operational phase is the most important category for the
reduction of CO, emission it is unknown in the research of Koen Meijer b.v. how much the operational
phase emits.

Comparing Table 2 with Tables 3 and 4 there are differences within rankings and how the different
firms map the general Scope 3 activities. Table 2 is composed within each Scope 3 activity while Tables
3 and 4 are more specified. The more specific each activity is, the more useful it can be for decision-
making. Therefore, Tables 3 and 4 are more practicable for decision-making towards CO, reduction.
Based on these two reports, the order of influenceable activities is necessary for the stakeholders to
see where the quickest wins can be achieved and where a company needs to put its focus.

B: Sustainable practices

This section describes which sustainable practices can be implemented at the different phases of a
building’s lifecycle. Phase A described which activities are the most influenceable. Looking towards
these activities, the most important ones for stakeholders are those that are influenceable related to
the phenomenon of stakeholder management (Stakeholdersanalyse, 2023). Stakeholders are more
interested in activities that they can influence and where their actions can have an impact. These are
three of the categories described in Tables 3 and 4. In addition to the described activities in phase A,
the Network of Construction Companies for Research and Development (ENCORD) has prepared a
protocol of measurement for the construction sector (Ger Maas Royal et al. 2012). In this protocol,
the most influential indicators have been mentioned for the construction sector. For Scope 3 these
contain, vehicle fuel, public transport, sub-contractors, waste, materials, and product (operational
phase). These are in line with the case studies in phase A.

In a study conducted by Kedir & Hall (2021), a literature review was carried out which shows a
frequency analysis and is shown below in Figure 4, revealing the most frequently mentioned areas in
various phases of a building's lifecycle in the literature where resource efficiency could be
implemented. It is based on industrialized housing construction (IHC). IHC means that industrialized
production methods have been used with the potential to increase energy efficiency and
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decarbonization. This could be seen as the same goal for renovation projects to decrease operational

emissions and apply sustainable practices.
A2 Material design

B. Manufacturing
and Logistics

B1 Waste and quality
management

D1 Operational
performance

A1l Dematerialization
B3 Transportation 17
system
19 D. Occupancy
E1 Reusability and 15
recyclability
C1 Assembly system
=R |
B2 Production system

Figure 4: Recurring themes of a building’s lifecycle in studied literature (Source: Kedir & Hall, 2021)
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The literature review of Kedir & Hall indicates that there are specific phases in the building lifecycle of
IHC where interventions can have an impact on resource efficiency. Figure 4 top down on the left side
shows where most of the resource efficiency methods could be implemented. From all the 86 papers,
there are 47 studies in phase b, manufacturing and logistics, which study resource efficiency. On the
right side, these are divided into sub-themes and how much of the 47 are within each theme. For phase
b these are in waste and quality management, transportation, and production systems. Most of the
studied phases on the left side can be linked to a building’s lifecycle phase. It is important to
understand these themes to know where sustainable decisions for Scope 3 emissions can be made.
The phases where there is room to make an impact on resource efficiency include:

1. Design: Before a project starts decisions can be made in this phase. Firms can decide which
materials they use and how processes flow, which subcontractors they hire, and what kind of
equipment they use. Dematerialization refers to the reduction of material inputs and waste
outputs in the production and consumption of goods and services (Swigtek 2013). This can be
achieved through various means, such as product design optimization, material substitution,
and process efficiency improvements. Product optimization could be achieved through design
awareness of advanced manufacturing and/or digital tools for design optimization (luorio,
Wallace, and Simpson 2019). The goal of dematerialization is to achieve sustainable
development by reducing the environmental impact of economic activities while maintaining
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or increasing the well-being of society. This can be achieved by looking at the chain analysis
and seeing the total outputs for decision-making.

The main goal of the studies about material design is to use efficient resources and shift
resources towards low-carbon materials, and move away from energy-intensive and non-
renewable resources (Achenbach, Wenker, and Riiter 2018). Cement, lime, and plaster are the
materials that cause the largest carbon footprints (Hertwich 2021). Overall, the use of
materials in construction accounts for 70% of all sectors. Looking at the materials that the
construction sector is using, Error! Reference source not found. can be interpreted.
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Figure 2: Global usage of building materials (Source: Heeren & Fishman, 2019)

Most of these materials are non-renewable. Non-renewable building materials come from
sources that cannot be replaced quickly or are only available in limited amounts. Once we use
them up, they are gone for a long time. Renewable building materials come from sources that
can be replaced naturally in a short time. Renewable materials often have lower embodied
emissions which results in lower COe during their lifecycle. In Figure 5, wood is a renewable
building material, the others are non-renewable.

Manufacturing and logistics: Implementing resource-efficient manufacturing processes and
techniques can minimize waste, optimize material use, and enhance overall resource
efficiency. Quality and waste management (B1) are aligned with decisions from within the firm.
Quality and waste management can be described as an approach to achieving and sustaining
high-quality output where the emphasis is more on management practices (inputs) than
quality performance (outputs) (Flynn, Schroeder, and Sakakibara 1994). These inputs of
management can be described as methods to reduce waste and improve quality. An important
concept in waste and quality management is lean manufacturing (Figueroa et al. 2023). The
focus of lean manufacturing is on improving efficiency and quality. Methods how this can be
established are using the Just-In-Time (JIT) principle and Kaizen. JIT is about producing only
what is needed and when it is needed, this reduces inventory. Kaizen is about continuous
improvement of processes and employees. The goal is to use fewer resources to get the same
or even better results. Another concept in quality and waste management is circular economy.
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The goal of circular economy is to extend a product’s lifecycle by designing products that are
easier to repair and are more durable (Slaveykova et al. 2019)

Production systems (B2) for housing construction involve the manufacturing processes of
building elements. These systems have the potential to enhance resource efficiency by
improving material process flow planning and fostering seamless information exchange among
stakeholders (Barriga et al. 2005). Making use of these systems will lead to choices for a
reduction in emissions because of the efficient use of material.

Looking towards the last activity of phase B, transportation systems refer to the place from
manufacturing to the place of the final assembly site. Transportation is a significant contributor
to GHG emissions due to the total use of energy and burns most of the world his petroleum.
This is a significant contributor through the emission of carbon dioxide and the equivalent of
one billion tons of carbon dioxide (GtCO,e) (Union of Concerned Scientists, 2008). In Appendix
B the overview of total CO; in 2019 in The Netherlands can be seen. Existing theory about
transportation systems involves strategic planning, efficient resource utilization, and
environmental awareness. An existing method is to apply Intelligent Transportation Systems
(ITS) management. ITS helps companies optimize traffic flow, minimize delays, and can help
choose eco-friendly routes (Verma et al. 2024). When applying ITS, companies can bring down
their Scope 3 emissions in the category of transportation and distribution in the upstream
category.

Assembly: The assembly phase in Figure 4 refers to multiple activities that take place on the
construction site. The subtheme is about assembly systems. Assembly systems in the context
of industrialized housing construction refer to the on-site processes and activities required to
form the entire building system at the construction site. These systems encompass various
tasks such as erection, joinery works, and integrating prefabricated building elements to create
a complete structure. Assembly systems focus on streamlining and optimizing the assembly
process to improve efficiency, reduce waste, and enhance overall resource efficiency. By
utilizing prefabricated components and efficient assembly techniques, construction projects
can be completed more quickly and with fewer resources than traditional on-site construction
methods (Alwisy et al. 2019). Efficient assembly systems play a crucial role in achieving
resource efficiency goals in industrialized housing construction by minimizing material waste,
reducing energy consumption, and improving the overall sustainability of the building process.

Occupancy: Occupancy is about the operational performance. Different sustainable practices
can be implemented in the operational phase. The most common ones according to lyer-
Raniga et al (2021) are:

Energy efficiency:
Indoor air quality
Water conservation
Renewable energy

o 0 oo

Implementing these practices promotes energy efficiency, occupancy flexibility, and long-term
value retention. As a result of sustainable practices, net zero emissions can be achieved (Prasad
et al. 2022). A model that enhances efficiency in sustainable building projects by integrating
design, construction, and operation information is Building Information Modeling (BIM). BIM
is a workflow process. It is based on models used for the planning, design, construction, and
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management of building and infrastructure projects. When using BIM, sustainable practices
for occupancy can be selected in the early design phase of the project.

5. End-of-life: Companies deal with waste in the end-of-life phase of a building’s lifecycle. This
waste is related to the activities for demolition of the building. Sustainable practices in the
end-of-life phase consider resource-efficient strategies, such as recyclability and reusability of
materials, which can contribute to overall resource efficiency and sustainability. By
demolishing a building, large amounts of waste need to be processed. This waste requires
transportation, processing, and/or disposal of some kind. This can lead to a large amount of
Scope 3 emissions. Construction firms can influence the amount of waste generated, through
more efficient planning, operations, and design. In addition, they can choose how waste is
dealt with (through re-use, recycling, recovery, or disposal). Although it is out of the Scope of
my paper it is important to mention that achievements can be achieved in this aspect. As
mentioned in Section 1.1, the operational phase accounts for 69% of the total GHG emissions
in a building's lifecycle and is therefore the most important factor for the Scope 3 emission.

By focusing on implementing sustainable practices within these phases and resource-efficient
practices and strategies, stakeholders in industrialized housing construction can maximize
resource efficiency and minimize environmental impact throughout the building’s lifecycle, leading
to lower Scope 3 emissions.

2.1.5 Conclusion activities within Scope 3

All relevant theories have been discussed about Scope 3 emissions for renovation projects. The
activities in Scope 3 contain upstream and downstream activities and can be categorized in the
different phases of a building’s lifecycle. Upstream activities contain the stream of Scope 3 emissions
related to the purchase of goods and services, downstream activities contain the Scope 3 emissions
that emit after goods or services are sold. The Scope 3 activities that relate to renovation projects in
the Dutch building sector can be categorized into the building’s lifecycle phases: product, construction,
use, and end-of-life. The emissions that emit during the product, construction, and end-of-life phase
are the embodied CO,e emissions The phases of the lifecycle that emit the most emissions for the
embodied carbon are in the product and construction phase. The other CO,e emissions emit during
the operational phase. In recent years, the distinction between operational and embodied CO.e
emissions has shifted from predominantly embodied emissions to a more balanced 50-50 split. The
building’s lifecycle phases which are the most influenceable and have the highest priority to
stakeholders are the bought materials in the product phase of a building’s lifecycle, outsourced
transportation in the product and construction phase of a building’s lifecycle, and the operational
phase. When reducing Scope 3 emissions priority should lay on these activities. This can be done by
implementing sustainable practices. For the product phase in the building’s lifecycle, these are about
using efficient resources and low-carbon materials and moving away from energy-intensive and non-
renewable resources. Sustainable practices in the construction phase can be implemented using
management on waste and quality management and by using production and transportation systems.
Management on waste and quality can be deployed by using methods such as lean manufacturing and
circular economy. The production systems are focused on sustainable manufacturing that enhances
energy efficiency. Transportation systems make use of efficient planning and optimize traffic flow so
that the emissions are minimized. During the operational phase, sustainable practices focus on
improving energy efficiency, enhancing indoor air quality, conserving water, and increasing the use of
renewable energy sources. Sustainable practices can enhance the end-of-life phase by emphasizing
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careful planning and design during demolition. By incorporating sustainable elements into the design
phase, more materials can be recycled or reused when a building’s lifecycle reaches its end.

In conclusion, Section 2.1 showed which phases of a building’s lifecycle Scope 3 emissions emit, which
phases are the most influenceable, and which sustainable practices can be implemented at each phase.

2.2 Tools and guidelines to report and calculate emissions

So far, Section 2.1 has discussed the general Scope 3 activities and categorized them for renovation
projects. Existing literature has shown at which phase of a building’s lifecycle Scope 3 emissions are
emitted and which phases are the most influenceable and should be prioritized first when bringing
down Scope 3 emissions. In addition, for each lifecycle phase literature has shown which sustainable
practices can be implemented. In this section, an overview of existing tools to calculate emissions will
be evaluated. In addition, methods will be elaborated in steps of accounting and reporting for Scope 3
emissions for renovation projects. This section will answer the following sub-research question 4:
“What are existing tools or methods for gathering data on Scope 3 emissions?”. Section 2.2.6 will
discuss the payback period which is an introduction to the sub-research question “What is the payback
period on Scope 3 emissions that are emitted during renovation projects and the savings in operational
CO,e emissions in the operational phase of a building’s lifecycle compared pre-and post-renovation?”
to understand the method of the payback period.

2.2.1 CSRD

As said in the introduction, the CSRD makes it obligatory for large companies to report on their
sustainability performance. The main concepts are about double materiality and to which standards
companies need to report on. Double materiality requires companies to assess and report on
sustainability matters from two perspectives (EFRAG 2022):

1. Financial materiality: This perspective looks at how sustainability issues might create financial
risks or opportunities for the company. It focuses on the potential impact of ESG factors on
the company’s financial performance and position over the short, medium, and long term.

2. Impact materiality: This perspective examines the company’s actual or potential impacts on
people and the environment. It considers both positive and negative effects that the
company’s operations and value chain might have on society and the environment.

By incorporating both perspectives, double materiality ensures comprehensive transparency and
accountability in sustainability reporting. This approach helps stakeholders understand not only how
sustainability issues affect the company but also how the company affects the world around it (EFRAG
2022).

The European Sustainability Reporting Standards (ESRS) are a set of guidelines developed to
standardize sustainability reporting for the CSRD. For large companies, the ESRS is mandatory to
follow. For Scope 3 there are standards within the ESRS E1: Climate change. The key aspects for
reporting on ESRS E1 are :

1. Categories: Scope 3 emissions include a wide range of activities both upstream and
downstream in the value chain. This can encompass emissions from purchased goods and
services, business travel, employee commuting, waste disposal, use of sold products,
transportation and distribution (BDO 2023).

2. Disclosure requirement: Companies are required to disclose (EFRAG 2022):
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a. The total Scope 3 GHG emissions from significant categories.
b. The percentage of emissions calculated using primary data.
c. The boundaries and calculation methods used for each significant Scope 3 category.

3. Significance: Scope 3 emissions often represent the largest portion of a company’s total GHG
emissions, making their accurate reporting crucial for understanding the full climate impact of
a company’s operations. Without this information, it would be difficult to get a complete
picture of the company’s contribution to climate change and to develop effective strategies
for reducing its overall carbon footprint (BDO 2023).

4. Scope 3 emissions can be complex due to the need for data from various parts of the value
chain, which may not always be readily available or easy to quantify. Companies are
encouraged to describe the methods and tools they use to gather and calculate this data, as
well as any limitations or uncertainties involved. By disclosing these challenges companies
provide transparency about the difficulties they face and the steps they are taking to improve
the accuracy and completeness of their Scope 3 emissions reporting (EFRAG 2022).

The ESRS does not provide specific methods or guidelines on how to measure these Scope 3 emissions.
Therefore, Section 2.2.2 describes different methods on how to measure Scope 3 emissions.

2.2.2 European Commission environmental footprint methods

Pelletier et al., (2014) discuss and evaluate existing methods for measuring the environmental impact
of organizations and compare them to the reference method for organizational environmental
footprint (OEF) developed by the European Commission (EC). The research focuses on the similarities
and differences between these various methods and their implications for improving sustainability in
production and consumption.

Pelletier et al.,, (2014) talk about four core criteria that guided the development of the EC
organizational environmental footprinting method. These criteria include the need for a multi-criteria,
life-cycle-based approach that covers all organizational and related activities in the supply chain,
providing reproducibility and comparability over flexibility, and ensuring physically realistic modeling.
Pelletier et al., (2014) also discuss the challenges of establishing system boundaries for OEF analyses
in a systematic way. This is because organizations are often part of larger systems, and their activities
can have indirect or upstream/downstream impacts that are difficult to quantify. Additionally, not all
activities or processes within the system boundaries may be environmentally significant, and it may
not be possible to acquire the data necessary to include them in the OEF model. For these reasons,
cut-off criteria are often established in environmental accountancy models to provide thresholds for
inclusion of environmentally significant processes and flows, in the interest of balancing returns on
effort and analytical robustness. However, there is no common approach to establishing cut-off criteria
among the reviewed methods.

Pelletier et al., (2014) find that following the specific rules of the EC OEF method, especially when it
comes to evaluating various environmental impacts and the quality of data, has advantages and
disadvantages. It might lead to organizations needing more technical knowledge, which could increase
their expenses. However, this detailed approach might also mean that users do not have to be experts
in methodology to make informed decisions.

The research in the article of Pelletier et al., (2014) provide a critical evaluation of existing methods for
measuring the environmental impact of organizations. It discusses six methods for measuring the
environmental impact of organizations:

1. ISO 14064:2006 Greenhouse gases—Part 1 to 3:
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This method is focused on quantifying and reporting greenhouse gas emissions and removals
at the organizational level. It consists of three parts: Part 1 deals with the specification
concerning the inventory and reporting of greenhouse gas emissions and removals, Part 2
deals with the specification concerning the verification and validation of greenhouse gas
inventories, and Part 3 deals with the specification concerning the projects for greenhouse gas
emission reduction (ISO 14064-3, Greenhouse gases, 2019).

2. The Carbon Trust Standard for Supply Chain: This method is focused on measuring the CO,
emissions of the supply chain from an organization. It consists of three steps: establishing
system boundaries, collecting data and calculating CO, emissions, and reporting the results.

3. The GHG Protocol: This method is focused on measuring and reporting greenhouse gas
emissions at the organizational level. It consists of three Scopes: Scope 1 covers direct
emissions from sources that are owned or controlled by the organization, Scope 2 covers
indirect emissions from the generation of purchased electricity, steam, heating, and cooling,
and Scope 3 covers all other indirect emissions resulting from the activities of the organization
(Callahan et al. 2011). The GHG Protocol Serves as a guide, offering detailed calculation
methods and operational strategies for emissions management and reporting. It differs from
ISO 14064:2006, in a way that it is more of a guide, and I1SO 14064:2006 focuses on
requirements and specifications.

4. The Bilan Carbone method: This method is focused on measuring the CO, emissions of
organizations and their activities. It consists of six steps: establishing system boundaries,
collecting data, calculating CO, emissions, identifying key emission sources, developing an
action plan, and monitoring progress (Carbone 2007).

5. The DEFRA Environmental Reporting Guidelines: These guidelines are focused on providing a
framework for organizations to report their environmental impacts, including greenhouse gas
emissions. They consist of three parts: Part 1 guides the principles of environmental reporting,
Part 2 guides the measurement and reporting of greenhouse gas emissions, and Part 3 guides
the measurement and reporting of other environmental impacts.

6. The Global Reporting Initiative (GRI) Sustainability Reporting Guidelines: These guidelines are
focused on providing a framework for organizations to report on their sustainability
performance, including their environmental impacts. They consist of three parts: Part 1 guides
the principles of sustainability reporting, Part 2 guides the measurement and reporting of
sustainability performance indicators, and Part 3 guides the external assurance of
sustainability reports.

These methods differ from each other based on key purposes. ISO 14064:2006 focuses on detailed,
validated GHG inventory and reduction projects. When focusing on the supply chain the Carbon Trust
Standard is recommended to follow. Focusing on emissions in each Scope the GHG Protocol needs to
be followed for a comprehensive approach to measuring and managing emissions across all Scopes.
Only focusing on CO, emissions, the Bilan Carbone method needs to be used. The key focus of the
DEFRA Guidelines is on broad environmental reporting and the GRI guidelines need to be followed for
a holistic view of sustainability performance.

Among the methods for measuring CO, emissions, the GHG Protocol, the Carbon Trust Standard, and
the Bilan Carbone method are the most practical guidelines to follow. The primary distinction is that
the GHG Protocol explicitly measures Scope 3 emissions, while the Bilan Carbone method categorizes
emissions as either direct or indirect. (Anon n.d.). The Carbon Trust and the GHG Protocol are quite
similar in their approaches. The main difference is that the GHG Protocol is the only internationally
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recognized method, providing it with broader support. Therefore, the GHG Protocol is the preferred
method for calculating Scope 3 emissions throughout a building’s lifecycle. Section 2.2.3 will discuss
the GHG Protocol in more detail.

2.2.3 GHG Protocol

The GHG Protocol is a comprehensive global framework for measuring and managing GHG

emissions. It has been developed through a partnership between the World Resources Institute and
the World Business Council for Sustainable Development, it provides standardized guidelines for both
private and public sectors.

The GHG Protocol is divided into several standards, each serving a specific purpose:

1. Corporate Standard: This is the most widely used standard, helping companies and
organizations prepare a GHG emissions inventory. It covers the accounting and reporting of
seven GHG emissions: CO,, CH4, N,O, Perfluorocarbons (PFCs), Hydrofluorocarbons (HFCs),
Sulfur hexafluoride (SFs), and, Nitrogen trifluoride (NFs). The Corporate Standard aims to
provide a true and fair account of emissions, simplify the inventory process, and increase
consistency and transparency in GHG accounting (Ranganathan et al. 2004).

2. Scope 2 Guidance: This standard focuses on emissions from purchased electricity, steam,
heat, and cooling. It provides methods for companies to measure and report these emissions
accurately (Sotos 2015).

3. Corporate Value Chain (Scope 3) Standard: This standard helps businesses account for
emissions throughout their entire value chain, including both upstream and downstream
activities (Callahan et al. 2011).

4. Project Protocol: This standard is used for quantifying reductions associated with GHG
mitigation projects, which can be used as offsets or credits (Greenhalgh et al. 2000).

The GHG Protocol is essential for businesses and governments aiming to track progress toward
climate goals. It is compatible with most existing GHG programs and helps organizations develop
comprehensive and reliable inventories of their GHG emissions. By providing a standardized
approach, the GHG Protocol ensures that emissions data is consistent, transparent, and comparable
across different entities and regions.

The Corporate Value Chain (Scope 3) Standard is the most practicable for accounting Scope 3
emissions and consists of the following steps which can be seen in Figure 6 below.

review seta
accounting target
= {optional) assure
reporting allocate & track emissions

principles emissions | emissions | (eptional)
over time

Figure 6: Overview of steps in Scope 3 accounting and reporting (Source: Callahan et al., n.d.)
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In short, these steps can be described as:

1. Define business goals: Establish what you aim to achieve with your greenhouse gas emissions
accounting and reporting.

2. Review accounting & reporting principles: Ensure you understand the principles and guidelines
for accurate emissions reporting.

3. Identify Scope 3 activities: Determine which activities in your value chain contribute to Scope
3 emissions.

4. Set the Scope 3 boundary: Decide the boundaries for your Scope 3 emissions accounting,
including which activities and sources to include.

5. Collect data: Gather the necessary data on emissions from the identified activities.

6. Allocate emissions: Distribute the collected emissions data appropriately across different
activities and sources.

7. Set a target: Establish targets for reducing Scope 3 emissions.

8. Track Emissions over time: Optionally, monitor and track emissions over time to measure
progress.

9. Report emissions: Compile and report the emissions data according to the established
principles and guidelines.

Following these steps can lead to several achievements. The most useful for Scope 3 is that it makes
comprehensive emissions tracking available, and it helps to allocate emissions efficiently to related
Scope 3 activities. At last, when following the Standard, it prioritizes the categories where sustainable
practices can be made for the activities measured (Callahan et al. 2011).

2.2.4 Life cycle assessment

In Section 2.1.3 different lifecycles have been discussed. These lifecycles can be measured by LCAs.
LCA is a systematic evaluation method used to assess the environmental impacts associated with a
product, process, or service throughout its entire life cycle. It takes into account all stages, from the
extraction of raw materials to manufacturing, transportation, use, and final disposal. LCA provides
valuable insights into the environmental aspects and potential sustainability improvements of a
particular activity (United Nations Environment Programme, 2011). In the context of the construction
process and Scope 3 activities, LCA can be applied to analyze and mitigate the environmental impacts
arising from the sourcing and production of materials, as well as transportation activities. By
conducting an LCA for Scope 3 activities, one can gain a comprehensive understanding of the
environmental consequences associated with the materials used in construction projects, including
their extraction, processing, and transportation to the construction site. The specific interest of LCA is
on the environmental aspect therefore LCA can be adapted to environmental life cycle assessment
(ELCA), which estimates the environmental impacts of products and construction phases. ELCA helps
in identifying hotspots or areas with significant environmental impacts within the activities of
construction. With this information, stakeholders can make informed decisions regarding the selection
of materials, suppliers, transportation methods, and renewable energy methods. By considering the
life cycle impacts, it becomes possible to choose alternatives that are more environmentally friendly,
thus reducing the overall environmental footprint of the construction process.

Furthermore, ELCA can support the identification of opportunities for improvement and the

implementation of sustainable practices (United Nations Environment Programme, 2011). It enables

the comparison of different materials, designs, and supply chain options to assess their environmental

performance. By optimizing material choices and transportation strategies, construction projects can

minimize emissions, energy consumption, and resource depletion associated with Scope 3 activities.
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Conducting an LCA for Scope 3 activities in the construction process allows for a holistic evaluation of
the environmental impacts and helps drive sustainable decision-making. It promotes the adoption of
environmentally conscious practices, facilitates the reduction of greenhouse gas emissions, and
encourages the use of materials and transportation methods with lower environmental footprints.

ELCA contains of four phases shown in Figure 7:
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Figure 7: Four phases of life cycle assessment (Source: Jolliet et al., 2015)

1. Goal and Scope definition: Define the purpose of the study, the system boundaries, the
functional unit (the unit of the product or service being assessed), data requirements, and the
specific environmental impacts to be considered. There are two types of ELCA that can be
distinguished in the goal and Scope definition phase, attributional and consequential.
Attributional ELCA is defined by its focus to describe the emission and energy flow associated
with a product (Finnveden et al. 2009). Consequential ELCA is defined by its aim to describe
how environmentally relevant flows will change to possible decisions in forecasting the change
of environmental impacts (Curran, Mann, and Norris 2005).

2. Inventory analysis: Collecting data on the inputs (e.g., raw materials, energy) and outputs (e.g.,
emissions, waste) associated with each life cycle stage. This step often involves life cycle
inventory (LCl) databases and various data sources. This could be achieved through field
surveys, interviews, literature reviews, etc. Provided in 1ISO 14040:2006, there are two types:
the process and the input-output (I-O) ELCA (British Standards 2006). The process focuses on
calculating the emissions, material flows, and energy flows for each unit in the study. I-O on
the other hand links environmental data to the economic data. Compared to the process ELCA,
I-O ELCA is a fast method that can save time on data collection while process ELCA can lead to
more accurate results as the emissions and energy flows are collected for the specific study.
The choice between process and |I-O ELCA depends on the availability of data and the
requirement of accuracy.

3. Impact assessment: This phase assesses the potential environmental impacts based on the
inventory data. This step involves using impact assessment methods and models to quantify
the effects on categories such as climate change, human health, ecosystem quality, and
resource depletion. This could be done with a midpoint or endpoint approach. The midpoint
approach assesses the environmental impact by examining the cause-effect chain, from the
release of emissions to the eventual damage they cause.(Wegener Sleeswijk, Suh Helias et al.
2001). The endpoint refers to the endpoints such as human health, ecosystem, and resources
(Hauschild et al. 2011). In the context of an LCA, the midpoint approach facilitates the
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guantification of CO, emissions through the calculation of CO, equivalents. This methodology
entails the conversion of other greenhouse gases, such as CHs and N,O, into their respective
CO, equivalents, considering their GWP over a predetermined temporal interval.

4. Interpretation: Analyzing and interpreting the results of the assessment, considering the
uncertainties, limitations, and sensitivities of the data and methodologies used. This step
involves identifying key areas for improvement and making recommendations.

For these steps, there are standards and guidelines. 1ISO14040:2006 provides the general features of
an ELCA and describes the four phases mentioned before. It describes how to carry out an ELCA study
and provides guidelines in this context, and how to interpret the results.

The result of an LCA could be an Environmental Product Declaration (EPD). An EPD is a transparent
report of the lifecycle assessment of a product in a single, comprehensive document, providing verified
information about its environmental impact. This can be split into each lifecycle phase from Scope 3.
Therefore, using an EPD to see the environmental impacts of each lifecycle stage for Scope 3 is
important when assessing each emission to a lifecycle phase as described in Section 2.1.2.

2.2.5 EMoC

Another model to use for calculating emissions is the tool of Dong & Ng (2015). Dong & Ng (2015)
discuss a tool called the Environmental Model of Construction (EMoC) that helps stakeholders make
decisions about building projects in Hong Kong and understand how those projects affect the
environment. It looks at all the phases from when the materials are first taken from the earth to when
the building is used and eventually demolished, the cradle-to-grave lifecycle.

To establish the EMoC model, the researchers conducted a case study of typical high-rise residential
properties in Hong Kong. They collected data on the materials used in construction, the energy
consumed during construction and use, and the waste generated during construction and demolition.
They then used this data to model the environmental impacts of the building's construction and
operation, including greenhouse gas emissions, water use, and waste generation.

The EMoC tool allows people to put in information about different parts of building projects, like
materials, transportation, construction methods, and waste handling. Then, it tells them how those
things impact the environment. It gives a detailed breakdown of the impacts, like how much
greenhouse gas emissions there are or how much water is used. This helps people see where they can
make changes to make the project better for the environment (Dong and Ng 2015). The tool looks at
18 different environmental impact categories in detail at the midpoint and endpoint levels. By
inputting project-specific data to EMoC, it can generate results of over two hundred detailed
processes. The tool should help support decision-makers in identifying pragmatic solutions to reduce
the environmental impact of a building project at the design, procurement, and construction stages.

Although the EMoC tool was developed specifically to evaluate the environmental impacts of building
construction projects in Hong Kong, the general principles and methodology used in the development
of EMoC could potentially be adapted for use in other regions. However, the model was designed and
calibrated using data from Hong Kong and may not accurately reflect the environmental impacts of
building construction in other regions without modification. By inputting data on the materials and
energy used in a building project, the tool can generate a comprehensive assessment of the project's
environmental impacts. This information can be used to identify areas where improvements can be
made to reduce the environmental impact of the building, such as by using more sustainable materials
or adopting energy-efficient design strategies.
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In the next section, the payback period method will be explained. When all the emissions are calculated
and allocated to each phase of a building’s lifecycle in the project, the difference in emissions that set
free during the operational phase needs to be compared to the emissions that are emitted during the
project phase.

2.2.6 Payback period

To answer the main research question: “What is the relationship between Scope 3 CO,e emissions and
the operational CO»e emissions of a building in Dutch building renovation projects, both pre-and post-
renovation?” the payback period needs to be explained. The payback represents the time it takes to
recover the cost of an investment or reach a breakeven point (Gallo 2016).

While a payback period normally focuses on costs, it can also be interpreted with emissions. Three
steps need to be taken to calculate the payback period for emissions:

1. Calculate Emissions Savings:
a. Determine the difference in greenhouse gas (GHG) emissions between the “before”
and “after” phases of the project.
b. Calculate the annual emissions reduction (in CO,-equivalent units).
2. Payback Period Calculation:
a. Divide the total project emissions (before implementing sustainable measures) by the
annual emissions reduction.
b. Payback Period = total project emissions / annual emissions reduction
3. Interpretation:
a. A shorter payback period indicates a more attractive investment, as it means the
emissions reduction benefits will be realized sooner.

The payback period gives a quick way to see when the environmental investments in a renovation
project will pay off. It shows how long the benefits take to balance out the initial costs towards the
environment (Bandyopadhyay 2020).

2.2.5 Conclusion tools to calculate emissions

In conclusion, Chapter 2 has provided existing methods on how to collect information about GHG
emissions in the Dutch construction industry with tools and guidelines that are available. The European
Commission environmental footprinting method describes a critical evaluation of existing methods for
measuring the environmental impact of organizations. The GHG protocol has been explained in detail
because it is the most relevant for Scope 3 activities and can be used as a guideline for calculating and
allocating Scope 3 emissions. The LCA method is a systematic evaluation method used to assess the
environmental impacts associated with a product, process, or service throughout its entire life cycle.
Therefore, it can be used to measure all emissions during each Scope 3 activity and see at which phase
the most emissions arise. The payback period has been explained and how it can help to measure the
amount of years the GHG emissions that have been emitted during the project will be offset for the
environment during the operational phase of the building’s lifecycle. The EMoC model can be used by
stakeholders to make decisions for building projects and how this affects the environment. For now, it
only can be applied to similar areas as Hong Kong.
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2.3 Conclusion

Overall, the literature review in Chapter 2 provides a comprehensive understanding of the payback
period between Scope 3 activities, phases of a building’s lifecycle, in the operational phase in relation
to environmental emissions in the Dutch building sector. The literature identified Scope 3 activities
that have a significant environmental impact, including extraction and transportation of materials and
the most significant part, the operational phase. The literature also shows the importance of activities
that need to be dealt with first and which sustainable practices should be implemented at each
lifecycle phase. Chapter 2 also provided several existing tools and methods for gathering data on Scope
3 emissions and how to report on them, such as (E)LCA, EMoC, and the GHG Protocol.
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3. Methodology

This chapter outlines the research design and approach employed to address the research question
and achieve the objectives of this study. It provides a detailed description of the steps taken to collect,
analyze, and interpret the data necessary to investigate the relationship, and the forthcoming payback
period, between Scope 3 CO,e emissions and the operational CO,e emissions of a building in Dutch
building renovation projects, both pre-and post-renovation. The methodology encompasses both the
theoretical framework and the empirical study, aiming to provide a comprehensive understanding of
the environmental impact of renovation projects and the implications for sustainable practices. This
study comes forward with a tool that enables the measurement of the Scope 3 project emissions in
the Dutch building sector. This makes the first part of the comparison between the answer to the main
research question possible, the Scope 3 project emissions. This chapter will discuss the research design
and provides an answer to sub-research question 5: How can Scope 3 project emissions, emitted
before the operational phase, be effectively measured to enable meaningful comparison with
operational COe in the operational phase of a building’s lifecycle?” by explaining the methods used
to built the tool. This Chapter also discusses how the operational CO,e emissions pre- and post-
renovation have been collected.

3.1 Research design

In this paper, a literature review was conducted to answer the sub-research questions one to four. To
analyze and measure the operational Scope 3 emissions for renovation projects for Kormelink b.v. and
to answer sub-research questions 5, 6, and, 7 an empirical study has been done. From the methods
described in Section 2.2. the most practicable regarding the research question of this paper a
combination of methods have been chosen. The main method used to answer sub-research questions
5,6, and, 7 is the GHG Corporate Value Chain (Scope 3) Standard and the ELCA. The GHG Corporate
Value Chain (Scope 3) Standard described in Section 2.2.3 has been used as a guideline to follow the
right steps in Scope 3 emissions accounting. The GHG Corporate Value Chain (Scope 3) Standard is a
good method to follow because it is aligned with the ESRS to report on the CSRD This alighment also
helps companies use established methodologies to meet ESRS requirements, ensuring accuracy and
comparability of the reported data (EFRAG 2022).

In addition, the emissions need to be measured and reported on to the right activity within Scope 3.
The described ELCA in Section 2.2.3 is used out to come up with the environmental impact within the
building phases of the renovation for the Netherlands based on the data of the company Kormelink
b.v. In the end, the built tool can be used to calculate Scope 3 emissions for each Scope 3 activity within
renovation projects where data was available. Because ELCAs have been used from existing data to
calculate the Scope 3 emissions, this process will not be discussed more in detail then Section 2.2.4.
All the steps taken, which data has been used data, and how this has been gathered, to get to the built
tool will now be described according to the GHG Corporate Value Chain (Scope 3) Standard.

3.1.1 GHG Corporate Value Chain (Scope 3) Standard

In Section 2.2.3 the GHG Corporate Value Chain Standard has been described shortly. This standard
was used to follow the journal and track the emissions that emit during renovation projects for
Kormelink b.v. In the figure below a recap of the steps are shown.

31



review seta
accounting target
= {optional) assure
reporting allocate & track emissions

report

emissions

principles emissions | emissions | (eptional)
over time

Figure 8: Overview of steps in Scope 3 accounting and reporting (Source: Callahan et al., n.d.)

The steps in Figure 8 have been taken in practice to analyze and measure Scope 3 emissions for
Kormelink b.v. An explanation of how this has been done will be given.

Step 1: Define business goals

This phase focuses on getting clear insights into the risks and opportunities associated with Scope 3
emissions. When risks are clear goals can be set to reduce these risks. In the first interview with
Kormelink b.v. it became clear that the risks were not known. The primary risk identified is that if
Kormelink b.v. fails to report on certain sustainability metrics, it will fall behind to competitors who
do. Over time, this could lead to a loss of clients, as sustainability is becoming increasingly important
in society. The goal is related to improve stakeholder relations. Kormelink b.v. wanted to know how
the renovated houses perform better on their sustainability in the operational phase of the building’s
lifecycle after the renovation had finished. In addition Kormelink b.v. did not know how much
emissions were emitted during their activities within renovation projects. These two questions
combined formed the research question to understand the payback period between Scope 3 CO,e
emissions and the operational CO,e emissions building renovation project, both pre-and post-
renovation. For Kormelink b.v. the main is to calculate the payback period by comparing emissions
during the project with operational savings before and after renovations.

Step 2: Review accounting & reporting principles

The next phase is to review accounting & reporting principles where financial accounting and reporting
are generally accepted. The Scope 3 emissions for this paper should represent a true, and fair amount
of the total emissions. This phase is based on the following principles:

1. Relevance: The Scope 3 inventory reflects all the Scope 3 emissions of the company and serves
the decision-making needs of users — both internal and external to the company.

2. Completeness: Companies should ensure that the Scope 3 inventory appropriately reflects the
emissions of the company, and serves the decision-making needs of users, both internal and
external to the company

3. Consistency: Use consistent methodologies to allow for meaningful tracking of the Scope 3
emissions over time. The consistent application of accounting approaches, inventory
boundary, and calculation methodologies is essential to producing comparable GHG emissions
data over time

4. Transparency: The disclosure of all relevant assumptions and appropriate references to the
accounting and calculation methodologies and data sources used.

5. Accuracy: As far as can be judged, make sure that the quantification of the Scope 3 emissions
systematically neither is over nor under the actual emissions.
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This research has been done with desk research. Data was used from Kormelink b.v. regarding three
renovation projects where all data has been gathered and analyzed. This was the first step to make
sure all necessary data regarding the principles of relevance and completeness for Scope 3 emissions
would be taken into account. For the consistency principle, a tool has been built based on the data of
the three project data which enables measurement of all renovation projects. Transparency has been
taken into account to mention all data sources for all Scope 3 inventory activities and items that have
been included in the tool to measure the amount of Scope 3 emissions. The principle of accuracy of
Scope 3 emissions calculations has been ensured by using known project data and appropriate
parameters from relevant activities. These are found by suppliers or databases. For data where
emissions quantification is unknown, assumptions are made based on existing parameters from
other databases or sources with similar activities to those conducted by Kormelink B.V.

Steps 3, 4, and 5: Identifying Scope 3 emissions, set the boundaries, and collect the data

The phase of identifying Scope 3 emissions is about the categorization of activities into the upstream
and downstream activities, which is shown in Figure 6, this has been described in Section 2.1.1. In
addition to Section 2.1.1, there are boundaries on the upstream activities for reporting. In Section 2.1.3
was mentioned that the upstream activities are mandatory and the downstream activities are optional
to report on. To fully meet the GHG Protocol Corporate Standard it is necessary to report on all relevant
categories from both upstream and downstream categories (Anon n.d.)

Before something can be said if the boundaries are met, data has been collected and analyzed. The
process of collecting data consists of 3 steps:

1. Prioritize data collection efforts: Companies should prioritize data collection efforts on the
Scope 3 activities that are expected to have the most emissions, offer the most reduction
opportunities, and are most relevant to the company’s business goals. Collecting higher quality
data for priority activities allows companies to focus resources on the most significant
emissions in the value chain, more effectively set reduction targets, and track and demonstrate
GHG emissions reductions over time. Companies may use a combination of approaches and
criteria to identify priority activities. Within the GHG Protocol Corporate Standard there are 2
guantification methods:

1. Direct measurement: Quantification of Scope 3 emissions using direct monitoring. This can
be measured by emission data multiplied by the global warming potential (GWP). This converts
all the GHG emissions into CO,e. GWP values describe the radiative forcing impact of one unit
of a given GHG relative to one unit of CO;. In a formula, it is Scope 3 emissions = emission data
x GWP.

2. Calculation: Quantification of Scope 3 emissions by multiplying activity data by an emission
factor. In a formula, it is Scope 3 emissions = Activity data x emissions factor x GWP.
The distinction of activity data and emission factors can be seen in Table 5 as an example.

Activity data Emissions factors

Liters of fuel consumed Kilogram CO, emitted per liter of fuel
consumed

Kilowatt-hours (kWh) of electricity Kilogram CO, emitted per kWh of electricity

consumed consumed

Kilograms of material consumed Kilogram PFC emitted per kilogram of
material consumed

Kilometers of distance traveled ton CO, emitted per kilometer traveled

Table 5: distinction activity data and emissions factors
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Within this research, both quantification methods have been used. Direct monitoring was
available for the materials used where LCAs has been carried out with an EPD as a result, as
described in Section 2.2.4. From these materials, the GWP could be used to determine the
CO,e emissions per material used. The calculation method has been used to calculate
transportation from the materials, employees, and for the transportation of sub-contractors.
The operational phase pre- and post-renovation has also been calculated based on the
calculation method because activity data is used.

Select data: After prioritizing Scope 3 activities companies should select data based on the
following: The company’s business goals, the relative significance of Scope 3 activities, the
availability of primary and secondary data, and the quality of available data. Companies should
use primary data collected from suppliers and other value chain partners for Scope 3 activities
targeted for achieving Scope 3 emission reductions. In some cases, primary data may not be
available or may not be of sufficient quality. In such cases, secondary data may be of higher
quality than the primary data. If the main goal of a company is to reduce Scope 3 emissions,
track performance on specific operations within the value chain, or engage suppliers, primary
data should be used. Primary data is supplier-specific data. Secondary data is about industry-
average data. When the goal of a company is to understand the relative magnitude of various
Scope 3 activities, to identify hotspots, and to prioritize primary data collection secondary data
should be used. For primary and secondary data, the following quality indicators should be
considered as a guide for getting the highest quality of data for a given emissions activity
(Weidema and Wesnaes 1996a).

a. Technological data: The degree to which the data reflects the actual technology(ies)
used

b. Representative in time: The degree to which the data set reflects the activity's actual
time (e.g., year) or age.

c. Representative in geography: The degree to which the data set reflects the actual
geographic location of the activity (e.g., country or site.

d. Completeness: The degree to which the data statistically represents the relevant
activity. Completeness includes the percentage of locations for which data is available
and used out of the total number that relates to a specific activity. Completeness also
addresses seasonal and other normal fluctuations in the data.

e. Reliability: The degree to which the sources, data collection methods and verification
procedures used to obtain the data are dependable.

These quality indicators are put in a table below to show the evaluation of each indicator.

Score | Technology Time Geography | Completeness Reliability
Very | Data Data with less | Data from | Data from all Verified data
good | generated than 3 years of | the same relevant sites over based on
using the difference area an adequate time measurements
same period to even out
technology normal fluctuations
Good | Data Data with less | Datafrom | Data from more than | Verified data
generated than 6 years of | a similar 50 percent of sites partly based
using similar difference area over an adequate on
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but different time period to even | assumptions
technology out normal or non-verified
fluctuations data based on
measurements
Fair Data Data with less | Data from | Data from less than Non-verified
generated than 10 years | a different | 50 percent of sites data partly
using a of difference area for an adequate time | based on
different period to even out assumptions,
technology normal fluctuations or a qualified
or more than 50 estimate (e.g.
percent of sites but by a sector
for a shorter time expert)
period
Poor | Data where Data with Data from Data from less than Non-qualified
technology is more than 10 an area 50 percent of sites estimate
unknown years of thatis for shorter time
difference or unknown periods or
the age of the representativeness is
datais unknown
unknown

Table 6: Evaluation of data quality indicators (Adapted from: Weidema and Wesnaes 1996)

Primary data has been used for all the materials that Kormelink b.v. has used in renovation
projects. All the parameters to calculate the emissions could be gathered at the suppliers in
the value chain or where known from existing LCAs. For some materials, the use of databases
and publications was necessary because the parameters to calculate the emissions were not
known. For transportation methods and the operational phase pre- and post-renovation
secondary data was used because it is based on average parameters which have been
accepted in the Netherlands to calculate with. The quality indicators for each Scope 3 activity
can be seen in Table 9 at the end of this section.

Collect data and fill data gaps: Primary data can be obtained through meter readings, purchase
records, utility bills, engineering models, direct monitoring, or other methods for obtaining
data from specific activities in a company’s value chain. Where possible, companies should
collect energy or emissions data from suppliers and other value chain partners in order to
obtain site-specific data for priority scope 3 categories and activities. To do so, companies
should identify relevant suppliers from which to seek Scope 3 emissions data. Suppliers may
include contract manufacturers, materials and parts suppliers, capital equipment suppliers,
fuel suppliers, third-party logistics providers, waste management companies, and other
companies that provide goods and services to the reporting company. The data that needs to
be collected from suppliers can come forward through:

1. Product life cycle Scope 3 emissions data following the GHG Protocol Product Standard

2. Scope 1 and Scope 2 emissions data for the reporting year from suppliers

3. The supplier’s upstream scope 3 emissions and/or the types of activities that occur upstream
of the supplier (if applicable). Also, the methods that are used to allocate these emissions and
if the data has been validated should be mentioned.

When secondary data is used, companies should prioritize databases and publications that are
internationally recognized. Data quality indicators should be used to select secondary data
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sources that represent in terms of technology, time, geography, and that are the most
complete and reliable. When data of sufficient quality is not available proxy could be used.
Proxy data is data from a similar activity that is used as a comparable activity. Proxy data can
also be scaled up or customized to be more representative of the given activity. The data of
Kormelink b.v. is of sufficient quality to not use proxy data. In Tables 7 and 8 below there can
be seen of what types it has been collected.

The steps for collecting data have been taken and can be summarized in Tables 7 and 8. The calculation
method, which kind of data, and how it is collected are shown per Scope 3 category. In these tables,
the boundaries for each Scope 3 activity are mentioned and can be seen if the condition is met. Table
7 contains the upstream categories, and Table 8 the downstream categories.

up to the point of, but
excluding combustion)
b. For upstream
emissions of purchased
electricity consumed in
the generation by the

Upstream Minimum boundary Met Calculation | Kind of Collected
category boundary | method data through
after used
collecting
data
Purchased All upstream (cradle-to- | Yes Calculation | Primary Primary:
goods and gate) emissions of method and Invoices from
services purchased goods and secondary | the reporting
services company and
Budgeted
amounts of
materials for
subcontractors
Secondary:
EPD, LCA
databases,
emission factor
databases
Capital goods | All upstream ( cradle-to- | Not used N/A N/A N/A
gate) emissions of for
purchased capital renovation
goods projects
Fuel- and a. For upstream Not used N/A N/A N/A
energy- emissions of purchased | for
related fuels consumed by the renovation
activities reporting company: All | projects
which are not | upstream (cradle-to-
included gate) emissions of
in Scope 1 or | purchased fuels (from
Scope 2 raw material extraction
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reporting company on
electricity, steam,
heating and cooling: All
upstream (cradle-to-
gate) emissions of
purchased fuels (from
raw material extraction
up to the point of, but
excluding, combustion
by a power generator)
c. For transmission and
distribution losses that
are lost by the reporting
company on the
generation of
electricity, steam,
heating and cooling: All
upstream (cradle-to-
gate) emissions of
energy consumed in a
transmission and
distribution system,
including emissions
from combustion

d. For generation of
purchased electricity
that is sold to end
users: Emissions from
the generation of
purchased energy

Upstream The Scope 1 and Scope | Yes Calculation | Primary Primary:
transportation | 2 emissions of method and Suppliers
and transportation and Secondary | location
distribution distribution providers data information
that occur during use of Secondary:
vehicles and facilities. Emission factor
Optional: The life cycle databases
emissions associated
with manufacturing
vehicles, facilities, or
infrastructure
Waste The Scope 1 and Scope | Out of | N/A N/A N/A
generated in | 2 emissions of waste scope for
operations management suppliers | this thesis

that occur during
disposal or treatment.
Optional: Emissions
from transportation of
waste
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Business
travel

The Scope 1 and Scope
2 emissions of
transportation carriers
that occur during the
use of vehicles.
Optional: The life cycle
emissions associated
with manufacturing
vehicles or
infrastructure

Not used
for
renovation
projects

N/A

N/A

N/A

Employee
commuting

The Scope 1 and Scope
2 emissions of
employees and
transportation
providers that occur
during the use of
vehicles

Yes

Calculation
method

Secondary

data

Databases and

enterprise
resource
planning (ERP)

Upstream
leased assets

The Scope 1 and Scope
2 emissions of lessors
that occur during the
reporting company’s
operation of leased
assets.

Optional: The life cycle
emissions associated
with manufacturing or
constructing leased

Not used
for
renovation
projects

N/A

N/A

N/A

assets.
Table 7: Summary of collected and analyzed data to report on for the boundaries for Kormelink b.v. of upstream Scope 3
emissions
Downstream Minimum boundary Met Calculation | Kind of Collected
category boundary method data through
after used
collecting
data
Downstream The Scope 1 and Scope Not used for | N/A N/A N/A
transportation 2 emissions of renovation
and distribution | transportation projects
providers, distributors,
and retailers that occur
during use of vehicles
and facilities
Optional: The life cycle
emissions associated
with manufacturing
vehicles, facilities, or
infrastructure
Processing of The Scope 1 and Scope Not used for | N/A N/A N/A
sold products 2 emissions of renovation
downstream companies | projects
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that occur during
processing

Use of sold
products

The direct operational
phase emissions of sold
products over their
expected lifetime (i.e.,
the Scope 1 and Scope 2
emissions of end users
that occur from the use
of products that directly
consume energy (fuels
or electricity) during use
Optional: The indirect
use-phase emissions of
sold products over their
expected lifetime (i.e.,
emissions from the use
of products that
indirectly consume
energy (fuels or
electricity) during use)

Yes

Calculation
method

Secondary
data

Emission
factor
databases
and
invoice
data from
residents

End-of-life
treatment of
sold products

Scope 1 and Scope 2
emissions of waste
management
companies that occur
during disposal or
treatment of sold
products.

Out of scope
for this thesis

N/A

N/A

N/A

Downstream
leased assets

The Scope 1 and Scope
2 emissions of lessees
that occur during the
operation of leased
assets

Optional: The life cycle
emissions associated
with manufacturing or
constructing leased
assets

Not used for
renovation
projects

N/A

N/A

N/A

Franchises

The Scope 1 and Scope
2 emissions of
franchisees that occur
during the operation of
franchises

Optional: The life cycle
emissions associated
with manufacturing or
constructing franchises

Not used for
renovation
projects

N/A

N/A

N/A

Investments

Scope 3 emissions
associated with the
reporting company’s

Not used for
renovation
projects

N/A

N/A

N/A
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investments in the
reporting year, not
already included in
Scope 1 or Scope 2. The
investments need to
take place in one of the
following categories to
make it a relevant
category: equity
investment, debt
investment, project
finance and managed
investments and client
services

Table 8: Summary of collected and analyzed data to report on for the boundaries for Kormelink b.v. on the downstream
Scope 3 emissions

After the Scope 3 activities that are within the research have been analyzed, the activity data and
emission factors need to be mentioned. The emission factors need to be related to the main research
qguestion to understand the relationship between Scope 3 CO,e emissions and the operational COe
emissions of a building in Dutch building renovation projects, both pre- and post-renovation. For the
purchased goods and services this relates to emission regarding the lifecycle phases that are before
the operational phase. From Figure 1, these are lifecycle phases A1, A2, A3, and, A5. Phase A4,
transportation will be determined through the Scope 3 activity of upstream transportation and
distribution. Emission factors for transportation are based on well-to-wheel (WTW) emissions. WTW
is a combination of emissions from upstream activities, such as extraction and production of fuels,
and direct emissions from the use of fuel in a vehicle. activity data has been multiplied by the
relevant emission factor and the GWP. The summary per Scope 3 activity can be seen in Table 9.

Scope 3 activity Activity data Emission factor unit
Purchased goods and services - Units of material used Kilogram CO,e
- Kilogram of material used emitted

- M? of material used
- M? of material used
- MB of material used

Upstream transportation and Kilometers distance to project location Kilogram CO,e
distribution from suppliers warehouse emitted
Employee commuting Kilometers distance to project location Kilogram CO,e
from residential house emitted
Use of sold goods - Kilowatt-hours of electricity Kilogram CO,e
consumed pre- and post- emitted
renovation

- Gas per m3® consumed pre- and
post-renovation

Table 9: Activity data and emission factor units for Kormelink b.v. for Scope 3 activities

For Kormelink B.V., the Scope 3 activities related to renovation projects have been identified, and the
boundaries have been established. The collected data has been analyzed to ensure that the
minimum boundaries are met, and research on the emission factors for activity data has been
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conducted. Finally, the data quality indicators for each activity are presented in the table below to
ensure high quality.

Scope 3 Technology Time Geography | Completeness Reliability
activity
Purchased Good, data Very good, Very good, | Good, it represents | Good,
goods and was generated | they data is all the activities primarily
services using a similar | represent from the regarding Scope 3. It | grounded
but different less than 3 same area does not address with
technology years of seasonal verified
difference fluctuations data with
some
assumptio
ns
Upstream Very good, Very good, Very good, | Good, it represents | Good,
transportation | data they data is all the activities primarily
and generated represent from the regarding Scope 3. It | grounded
distribution using the same | less than 3 same area | does not address with
technology years of seasonal verified
difference fluctuations data with
some
assumptio
ns
Employee Very good, Very good, Very good, | Good, it represents | Good,
commuting data they datais all the activities primarily
generated represent from the regarding Scope 3. It | grounded
using the same | less than 3 same area does not address with
technology years of seasonal verified
difference fluctuations data with
some
assumptio
ns
Use of sold Very good, Very good, Very good, | Fair, data has been Very good,
products data they datais used of specific time | only
generated represent from the moments. It does verified
using the same | less than 3 same area not consider datais
technology years of external factors used
difference which can cause
fluctuations

Table 10: Data quality indicators for Scope 3 activities for Kormelink b.v.

Step 6: Allocate emissions

The next phase after the data is collected is to allocate the emissions. Allocation is the process of
partitioning Scope 3 emissions from a single facility or system among its various outputs. Allocation is
not needed if a facility or other system produces only one output or emissions from producing each
output are separately quantified. Allocation is also not necessary if secondary data is used to calculate
Scope 3 emissions. These emission factors refer to a single product. Allocation should be avoided or
minimized whenever possible, as it introduces uncertainty into emissions estimates and may be
inaccurate when a facility produces a wide variety of products with differing contributions to Scope 3
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emissions. The primary data that has been analyzed for Kormelink b.v. is supplier-specific information
and relates to one activity. This means that allocating emissions is not necessary because it is already
made specific for the Scope 3 activity. The secondary data that has been used is already in reference
to the activity, which means allocation is not necessary. The Scope 3 emissions are based on an
emission factor multiplied by activity data. Allocation only is applied when suppliers deliver materials
for multiple projects at once for the activity of upstream transportation and distribution. The total
CO,e emissions will then be divided over all the projects to which the supplier has brought materials.

Step 7: Set a target & track emissions over time

When emissions have been allocated the next phase of the protocol takes place, setting a GHG (Scope
3) reduction target and tracking the emissions over time. A meaningful and consistent comparison of
emissions over time requires a base year against which to track performance. When companies choose
to track Scope 3 performance or set a Scope 3 reduction target, companies shall choose a Scope 3 base
year and specify their reasons for choosing that particular year. Companies should consider several
guestions when setting a Scope 3 emission reduction target. These are about:

1. Target type: Companies can set either absolute targets, intensity targets, or a combination of
absolute and intensity targets. An absolute target is expressed as a reduction in Scope 3
emissions to the atmosphere over time in units of metric tons of COe. An intensity target is
expressed as a reduction in the ratio of Scope 3 emissions relative to a business metric, such
as output, production, sales, or revenue.

2. Target completion date: The target completion date determines whether the target is
relatively short- or long-term. In general, companies should set long-term targets, since they
facilitate long-term planning and large capital investments with significant Scope 3 benefits.
Companies may also set shorter-term targets to measure progress more frequently.

3. Targetlevel: The target level represents the level of ambition of the reduction target. To inform
the numerical value of the target, companies should examine potential Scope 3 reduction
opportunities and estimate their effects on total Scope 3 emissions.

4. Use of offsets or credits: A Scope 3 target can be met entirely from internal reductions at
sources included in the target boundary, or can be met through additionally using offsets that
are generated from Scope 3 reduction projects that reduce emissions at sources external to
the target boundary. Companies should strive to achieve reduction targets entirely from
internal reductions from within the target boundary. Companies that are unable to meet Scope
3 targets through internal reductions may use offsets generated from sources external to the
target boundary.

The reduction target regarding all Scope 3 emissions is not covered in this paper. The goal is to calculate
the Scope 3 emissions for renovation projects for Kormelink b.v. and offset them over time during the
pre- and post-renovation operational phases to calculate the payback period. When Kormelink b.v.
focuses on the whole Scope 3 inventory reduction goals can be set. Kormelink b.v. should mention if
the target is absolute or intensity, or a combination of both. Next, Kormelink b.v. should have a
completion date of the target. The value of the target level needs to be mentioned and if internal or
external reductions have been achieved.

To consistently track Scope 3 emissions over time, companies must recalculate base year emissions
when significant changes occur in company structure or inventory methodology. This recalculation is
essential for maintaining consistency and enabling meaningful comparisons of the inventory over time.
Recalculations are required when the following changes significantly impact the inventory:
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1. Structural changes in the reporting organization, such as mergers, acquisitions, divestments,
outsourcing, and insourcing.

2. Changes in calculation methodologies, improvements in data accuracy, or discovery of
significant errors.

3. Changes in the categories or activities included in the Scope 3 inventory.

There are two basic approaches to account for Scope 3 reductions, the inventory or the project
method. The inventory method accounts for Scope 3 reductions by comparing changes in the
company’s actual emissions inventory over time relative to a base year. This leads to the following
formula. Change in emissions from a Scope 3 category = Current year emissions from the Scope 3
category - Base year emissions from the Scope 3 category. This method is the most commonly used.
The project method accounts for Scope 3 reductions by quantifying impacts from individual Scope 3
mitigation projects relative to a baseline.

Currently, Kormelink b.v. cannot track emissions over time as this is the first year that Scope 3
emissions for renovation projects are being measured. The first full year when Scope 3 emissions are
being measured will be the base year for future years to calculate Scope 3 reductions. When the
Scope 3 inventory significantly changes on the described points a new base year must be calculated.

Step 8: Assure emissions

The next phase in the protocol is assurance. Assurance is the level of confidence that the Scope 3
inventory is complete, accurate, consistent, transparent, relevant, and without material
misstatements. While assurance is not a requirement, obtaining assurance over the Scope 3 inventory
is valuable for reporting companies and other stakeholders when making decisions using the Scope 3
results. For assurance, there are two types, first-party assurance, and third-party assurance. First-party
assurance is from within the reporting company but independent of the Scope 3 inventory process
conducts internal assurance. And third party assurance is from an organization independent of the
Scope 3 inventory process conduct third party assurance. For external stakeholders, third-party
assurance is likely to increase the credibility of the GHG inventory. However, first-party assurance can
also provide confidence in the reliability of the inventory report, and it can be a worthwhile learning
experience for a company prior to commissioning third-party assurance. The level of assurance refers
to the degree of confidence that stakeholders can have over the information in the inventory report.
There are two levels of assurance: limited and reasonable. The level of assurance requested by the
reporting company will determine the rigor of the assurance process and the amount of evidence
required. The highest level of assurance that can be provided is a reasonable level of assurance.
Absolute assurance is never provided since 100 percent of the inputs to the GHG inventory cannot be
tested due to practical limitations.

For Kormelink b.v., beginning with first-party assurance is an effective way to build confidence in the
reliability of the Scope 3 inventory. Once the inventory his reliability is established, third-party
assurance can provide statements that offer a reasonable level of assurance, which is highly valuable
to external stakeholders.

Step 9: Report emissions

The last phase of the protocol is reporting on the emissions. A credible Scope 3 emissions report
presents information based on the principles of relevance, accuracy, completeness, consistency, and
transparency. It should be based on the best data available and be transparent about its limitations.
To fully meet the GHG Protocol Corporate Standard there is information that is required to mention in
the report for Scope 3 emissions. These requirements are about:
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1. Total Scope 3 emissions reported separately by Scope 3 category

2. For each Scope 3 category, total emissions of GHGs reported in metric tons of CO, equivalent,
excluding biogenic CO, emissions and independent of any GHG trades, such as purchases,
sales, or transfers of offsets or allowances.

3. Alist of Scope 3 categories and activities included in the inventory.

4. A list of Scope 3 categories or activities excluded from the inventory with justification of their
exclusion.

5. After establishing a base year, document the following: the selected base year for Scope 3
emissions, the reasoning behind this choice, the policy for recalculating base year emissions,
the Scope 3 emissions categorized by type for the base year in line with the recalculation
policy, and the relevant context for any significant changes in emissions that necessitated
recalculations of the base year data. For each Scope 3 category, any biogenic CO, emissions
are reported separately.

6. For each Scope 3 category, a description of the types and sources of data, including activity
data, emission factors, and GWP values, used to calculate emissions, and a description of the
data quality of reported emissions data.

7. For each Scope 3 category, a description of the methodologies, allocation methods, and
assumptions used to calculate Scope 3 emissions.

8. For each Scope 3 category, the percentage of emissions is calculated using data obtained from
suppliers or other value chain partners.

Throughout the research, from gathering data to calculating CO,e emissions, these points were taken
into account for Kormelink b.v. In Chapter 4 the performance of the tool will be discussed. It is based
on the standards from the GHG Corporate Value Chain (Scope 3) Standard. It will also discuss which
assumptions have been made. The results, after filling in the tool where the emissions per Scope 3
activity come forward will be discussed in Chapter 5, where sub-research question 7 and the main
research question will be answered. At that point, all the emissions are measured for each Scope 3
activity and the payback period can be calculated on the operational phase, pre- and post-renovation.

3.2 Conclusion

In this section, the research design has been discussed. The method followed is the GHG Corporate
Value Chain (Scope 3) Standard. It began with the classification of the business goal for Kormelink b.v.,
which is to calculate the payback period by comparing emissions during the project with operational
savings before and after renovations. The gathered data is based on the principles of relevance,
completeness, consistency, transparency, and accuracy. This makes the data useful to calculate the
Scope 3 emissions and that it represents a true and fair amount of the total emissions. The built tool
makes tracking emissions consistent by using it for all the project data. With desk research, all project
data has been gathered to calculate the emissions. The calculation method has been used for all the
data. The information from primary data came from invoices from the reporting company, budgeted
materials from subcontractors, and location information about suppliers. Secondary data comes from
external sources from LCA databases, EPD, ERP system regarding employee data, invoices from
residents regarding energy and gas usage, and, emission factor databases for materials. These data
sources form the input for the activity data to calculate the eventual emissions. Research about the
emission factors has been done for the activity data. Allocation of the emissions was not necessary
because the primary and secondary data that is used is already made specific for each material or
Scope 3 activity. When a full year of emissions has been tracked, a base year for Kormelink b.v. could
be established and emissions could be tracked over time. The same accounts for assurance. When a
full year of emissions has been tracked Kormelink b.v. could start with first-party assurance to make
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sure Scope 3 inventory is of a reliable level. After first-party assurance has established reliability, third-
party assurance can provide statements that offer a reasonable level of assurance, which is highly
valuable to external stakeholders. The last phase to report on the emissions with all the requirements
that need to be in the report will be discussed in Chapter 5 where the results come together, sub-
research question 7, and the main research question will be answered. In the next chapter, the
performance of the built tool will be discussed.
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4. Performance of the tool

In the previous chapter, the research design has been explained. Following the GHG Corporate Value
Chain (Scope 3) Standard the analyzed data has been put in an Excel file. In this section, a guideline of
the tool which has been built will be discussed. It will discuss step by step how the tool is been made
and what sections it consists of according to the Scope 3 activities. To follow the GHG Corporate Value
Chain (Scope 3) Standard, it will also discuss what assumptions are made for each section of the tool.
At last, it will answer sub-research question 6: “What are the savings on operational CO,e emissions in
the operational phase of a building’s lifecycle after the renovation projects Kormelink has carried out?”
in Section 4.4.

4.1 Setting up tables for purchased goods and activities

According to Tables 7 and 8 from Chapter 3 and Section 2.1.1 the tool contains the upstream activities
from the purchased goods and activities. This means phases A1, A2, A3, and A5 of a building’s lifecycle.
Where phase A4 is classified as upstream transportation and distribution. These are the cradle-to-site
activities that are relevant towards the research questions for purchased goods and activities. The
main tables that contribute to calculating the emission from purchased goods and activities are:

- Emission list of materials
- Usage table in total Scope 3 emissions

The setup of the emission list of materials is described in the next section and the usage table will be
discussed at the end of this chapter. It will discuss how the emissions per material are created and
which assumptions have been taken into account.

4.1.1 Emission list of materials

Chapter 3 mentioned that primary and secondary data were used for the category of purchased goods
and activities. From the primary data, all the invoices and budgeted amounts from subcontractors
regarding the materials that have been used in renovation projects have been written down in a table.
This made the activity data used for each material clear. The activity data has been analyzed towards
emission factors through secondary data. LCAs with results as EPDs are used for materials to come up
with the GWP it has during its lifecycle. The GWP his CO,e emissions are used to calculate the total
CO,e emissions per material per project. For some materials, an LCA cannot be found. In that case,
other secondary data was used or assumptions were made. If the composition of raw materials from
the specific material was known and LCAs with EPDs were available these were used to calculate the
CO,e emissions. For example, sealants, are based on silicone-based products and there are lots of
substances that can be purchased by several suppliers. But the main raw materials to produce sealants
are more or less the same. Therefore, an EPD of silicone-based products is used as an assumption to
calculate the CO,e emissions of sealants. Additionally, group averages for material categories have
been provided. This ensures that for future materials where LCAs are not available, the category’s
group average can be used to calculate CO,e emissions. For all the materials in the list, the LCA is
mostly based on cradle-to-gate emissions. These are all the steps from Al to A5. Phase A4 of the known
LCAs will be ignored and calculated based on suppliers' information to get the most precise CO,e
emissions. This will be mentioned in the section on upstream transportation and distribution.

In some cases, a cradle-to-gate LCA or phase A5 for construction was not available in the existing EPD
for the materials. In those cases, assumptions were made based on the article of (Kumanayke and Luo
2018). When only full LCAs were available, the emission factor was recalculated to get to the CO,e
cradle-to-gate emissions according to the theory for a specific category of materials. According to
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Kumanayke & Luo (2018), phase A5 is responsible for 93,173.91 kilograms CO,e and phases A1-A3 for
3,026,376.31 kilograms CO,e. This means that 2.99% of the total A phase is responsible for A5 where
phase A4 is excluded. This means that for every kilogram/CO,e produced in the phase of A1-A3, A5 will
produce 0,0307 kilogram/CO,e in relation. This can be used to calculate the unknown construction
phase for the materials. The same applies to the materials where only the full LCA is known. All the
LCA phases account for 9,580,566.58 kilograms CO,e, so 32.56 % is accounted for phases A1-A3 plus
phase A5. The following columns have been made for all the materials analyzed and can be seen in
Figure 9. The full materials table can be found in Appendix E.

A B C D E F G H | 1 K

LCA CO2E [A1-A3 + partial A5) LCA

Figure 9: Columns used of the studied LCAs materials table

This means that from the found CO,e emissions in the EPDs the total is represented in Column D. In
Column E is represented which phases it includes from the EPD. This could be A1-A3, A1-A3+A5, and
Full LCA. Column F calculates phase A5 based on the found 2.99% from Kumanayke & Luo (2018) when
in column E the phases are only A1-A3. Or it is recalculated when it contains the full LCA. This means
that Column G contains all the cradle-to-gate emissions where phase A4 is excluded. The use of Column
H will be explained in Section 4.3. Column | is the activity data. After all the materials have been
analyzed the CO,e emissions now only consist of phases A1-A3 and A5.

4.2 Setting up tables for upstream transportation and distribution and employee

commuting

So far, Scope 3 activity of purchased goods and services with lifecycle phases A1- A3 and A5 have been
put into the tool for all the materials. This does not fully cover the cradle-to-site emissions because the
transportation, phase A4, is missing. To get from the cradle-to-gate emissions to cradle-to-site
emissions there is a need for emission factors to calculate the emissions for the travel distance based
on different transportation methods. This is the Scope 3 activity of upstream transportation and
distribution. To get the cradle-to-site information of the LCAs it is important to calculate the travel
distance between the project location and the supplier’s location. In addition, the Scope 3 activity of
employee commuting also needs to be calculated. Therefore, help tables have been established to
calculate emissions for the Scope 3 activities of upstream transportation and distribution (phase A4 of
the lifecycle) and employee commuting. There are several tables generated that all come together in
the working sheet, which will be explained in the next section, to calculate the CO,e emissions per
project :

1. Suppliers/ subcontractors table: From all the analyzed primary data, the suppliers have
been put into a table. While Kormelink b.v. has a general renovation project location the
distance between the suppliers and this general location is filled in in a table with the
Google Maps route distance. Table 11 has been created in the tool:

B C D E

Table 11: Suppliers/subcontractors table from analyzed data

In the working sheet table, there is a dropdown tile that shows all the filled-in
suppliers/subcontractors from the table, which is column A in the suppliers/
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subcontractors table. In the working sheet, when a supplier/subcontractor is selected it
fills in the travel distance from column F from the help table. In the working sheet, the user
of the tool then can fill in different facts that are known from the supplier/subcontractor
such as travel times, working hours, number of employees, and if the employees travel
together. This makes it more user-friendly to calculate an accurate number of the total
CO,e emissions.

Postcode table: This table serves as a reference when new suppliers or subcontractors are
added without complete information in the suppliers/subcontractors table. The postcode
can be utilized to compute travel distances using a specified formula. For both the project
location and the supplier or subcontractor location in the Netherlands, the longitude and
latitude will be derived from the postcode. This table collaborates with the Distance groups
reference table, which will be described now, along with an explanation of the
functionality of the postcode table. The table looks as follows:

52,37777895 4,90558554
51,8611524 4,358399025
52,37777395 4,90558954

52,37777895 4,90558954
52,37777895 4,90558954
52,37777895 4,50558954
52,37943081 4,901488393

A B C D E F G H
1000AA 1000 AA Postbus o 10000 Amsterdam Amsterdam Noord-Holland
1001AA 1001 AA Postbus (1] 10000 Amsterdam Amsterdam Noord-Holland
1003AA 1003 AA Postbus 1] 10000 Amsterdam Amsterdam Noord-Holland
1005AA 1005 AA Postbus o] 10000 Amsterdam Amsterdam Noord-Holland
1006AA 1006 AA Postbus (1] 10000 Amsterdam Amsterdam Noord-Holland
1008AA 1008 AA Postbus [1] 10000 Amsterdam Amsterdam Noord-Holland
1009AA 1009 AA Postbus o 10000 Amsterdam Amsterdam Noord-Holland
1012AA 1012 AA De Ruijterkade 24 80 Amsterdam Amsterdam Noord-Holland
1013AA 1013 AA De Ruijterkade 4 11 Amsterdam Amsterdam Noord-Holland 52,38155761 4,895212826

1014AA 1014 AA Spaarndammaerdijk

w
=
i~

Table 12: Postcode table

Distance groups: Occasionally, Kormelink b.v. engages new suppliers or subcontractors.
There is an opportunity to input the Google Maps route distance based on the location and
add the supplier or subcontractor details to the suppliers/ subcontractors table. The other
option is to calculate the driving distance based on a formula. This formula, known as the
haversine formula, calculates the straight-line distance, often referred to as the "as-the-
crow-flies" distance, between two locations based on their respective longitude and
latitude. These longitude and latitude values are filled in based on the postcode table.
When a postcode is filled in, a VLOOKUP function in Excel gets the longitude and latitude
from the postcode table. Because the as-the-crow-flies distance is not as accurate as the
actual driving distance the distance groups table is made. The distance groups table
contains all the known suppliers and subcontractors with the actual driving distance. In
this table, the as-the-crow-flies distance is compared to the actual driving distance. Based
on the actual driving distance, distance groups for travel distance have been made. These
are; 0-10 kilometers, 10-20 kilometers, 20-40 kilometers, and 40+ kilometers. All these
groups get a standard deviation based on the actual driving distance and as-the-crow-flies
distance. Table 13 is created as a help table for the working sheet in the tool:
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Table 13: Distance groups table

In the working sheet when an unknown supplier or subcontractor respectively is filled in
with the postcode of the location, the driving distance is calculated based on the as-the-
crow-flies distance plus the deviation of the distance group it is in. This makes it more
accurate towards the real driving distance.

Employees table: With the previously described Tables 11, 12, and, 13 it is possible to
calculate the travel distance based on two options; the actual driving distance based on
the Google Maps route, or based on the haversine formula keeping in mind the deviation
from the distance groups. This data has some confidential data and is therefore not shown
in this paper. The employees table contains the postcode, longitude, and latitude data for
all the employees. The table is used to calculate the distance between the home location
of the employee and the project location based on the haversine formula keeping in mind
the distance groups. The Google Maps route option is available, but it has not been entered
into the table due to time issues.

CO,e emission factors table: Now that all the suppliers, subcontractors, and employees
with their driving distance have been filled in, it needs to be converted to actual CO,e
emissions. Therefore, the CO,e emission factors table has been set up. It is also a help table
to calculate the CO,e emissions for the operational phase which will be described in
Section 4.4. This table has been created through the help of Power Query to create a
connection with a database on the internet (Anon 2024a). Power Query is an add-in in
Excel to create connections with external data sources and transform this data. This
connection retrieves all the actual emission factors for the years of CO,e emission-related
activities.
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2016-Aardgas-Brandstof 2016 Aardgas-Brandstof 1,884 kg C02/m3 gas-eq
2017-Asrdgas-Brandstof 2017 Aardgas-Brandstof 1,884 kg C0OZ/m3 gas-eg
2018-Aardgas-Brandstof 2018 Aardgas-Brandstof 1,884 kg COZ/m3 gas-eq
2019-Aardgas-Brandstof 2019 Aardgas-Brandstof 1,884 kg CO2/m3 gas-eq
2020-Aardgas-Brandstof 2020 Aardgas-Brandstof 1,884 kg COZ/m3 gas-eq
2021-Aardgas-Brandstof 2021 Aardgas-Brandstof 1,884 kg CO2/m3 gas-eq
2022-Aardgas-Brandstof 2022 Aardgas-Brandstof 1,884 kg COZ/m3 gas-eg
2023-Aardgas-Brandstof 2023 Aardgas-Brandstof 1,884 kg COZ/m3 gas-eq
2015-Aardgas-Brandstof & Warmte 2015 Aardgas-Brandstof & Warmte 1,884 kg CO2/kg
2016-Aardgas-Brandstof & Warmte 2016 Aardgas-Brandstof & Warmte 1,887 kg COZ/kg
2017-Aardgas-Brandstof & Warmte 2017 Aardgas-Brandstof & Warmte 1858 kg CO2/kg
2018-Aardgas-Brandstof & Warmte 2018 Aardgas-Brandstof & Warmte 185 kg CO2/kg
2019-Aardgas-Brandstof & Warmte 2019 Aardgas-Brandstof & Warmte 1,89 kg CO2/kg
2020-Asrdgas-Brandstof & Warmte 2020 Aardgas-Brandstof & Warmte 185 kg CO2/kg
2021-Aardgas-Brandstof & Warmte 2021 Aardgas-Brandstof & Warmte 1,89 kg CO2/kg
20232-Asrdgas-Brandstof & Warmte 2022 Aardgas-Brandstof & Warmte 2085 kg/m3
2023-Aardgas-Brandstof & Warmte 2023 Aardgas-Brandstof & Warmte 2079 kg/m3
2015-Acetyleen-Brandstof & Warmte 2015 Acetyleen-Brandstof & Warmte 44 kg CO2/kg
2016-Acetyleen-Brandstof & Warmie 2016 Acetyleen-Brandstof & Warmte 44 kg CO2/kg
2017-Acetyleen-Brandstof & Warmte 2017 Acetyleen-Brandstof & Warmte 44 kg CO2/kg
2018-Acetylean-Brandstof & Warmie 2018 Acetyleen-Brandstof & Warmte 44 kg CO2/kg
2019-Acstyleen-Brandstof & Warmte 2019 Acetyleen-Brandstof & Warmte 44 kg COZ/kg
2020-Acetyleen-Brandstof & Warmte 2020 Acetyleen-Brandstof & Warmte 44 kg CO2/kg
2021-Acetyleen-Brandstof & Warmie 2021 Acetyleen-Brandstof & Warmte 4.4 kg CO2/kg
2022-Acetyleen-Brandstof & Warmte 2022 Acetyleen-Brandstof & Warmte 44 kg CO2/kg
2023-Acetylean-Brandstof & Warmie 2023 Acetyleen-Brandstof & Warmte 4.4 kg CO2/kg
2015-Benzine-Vervoer 2015 Benzine-Vervoer 2,784 kg CO2/liter
2016-Benzine-Vervoer 2016 Benzine-Vervoer 2,784 kg COZ/liter
2017-Benzine-Vervoer 2017 Benzine-Vervoer 2,784 kg CO2/liter
2018-Benzine-Vervoer 2018 Benzine-Vervoer 2,784 kg CO2/liter
2019-Benzine-Vervoer 2019 Benzine-Vervoer 2,784 kg CO2/liter
2020-Benzine-Vervoer 2020 Benzine-Vervoer 2,784 kg CO2/liter
2021-Benzine-Vervoer 2021 Benzine-Vervoer 2,784 kg CO2/liter
2022-Benzine-Vervoer 2022 Benzine-Vervoear 2,784 kg COZ/liter
2023-Benzine-Vervoer 2023 Benzine-Vervoer 2,821 kg CO2/liter

Table 14: Partial list of CO,e emission factors table

Table 14 contains information per year because over the years the CO,e emission factors
can change. The CO,e emission factors can change for various reasons, including shifts in
practical conditions and new insights into calculation methods. For instance, if power
plants increase their use of coal, the CO,e factor of the resulting electricity will rise. These
adjustments are necessary to maintain the most accurate representation of actual
emissions and to provide policymakers, businesses, and consumers with current
information on the carbon footprint of various activities and products (Anon 2023).

The emission factors from this source were selected because they align with the
requirements of the GHG protocol. In the working sheet when all suppliers,
subcontractors, and employees have been filled in, there is a dropdown list with all the
themes in the CO,e emission factors table. These themes cover various sources, including
electricity, different fuels, and water usage. It's important to mention that you can use
them to calculate the corresponding CO,e emissions. This helps in understanding the
environmental impact across different aspects like energy, fuel, and water consumption.

4.3 Working sheet

The previously mentioned tables in Sections 4.1 and 4.2 come together in the working sheet. The
working sheet is the main sheet where all the project information based on the upstream Scope 3
emissions within the research is filled in. Below the working sheet is displayed and an explanation of
how the sheet works will be given.
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Table 15: Working sheet of the tool

In Table 15 the yellow-shaded cells are the only cells that need to be filled in, the rest of the model will
calculate the CO,e emissions based on formulas in combination with the filled-in information. The
purple sections with letters in them contain the sections that will be described now. The sheet starts
with the general project information in purple section A, where the year and postcode need to be filled
in of the project. The year should correspond to the period during which the project was conducted.
In cases where the project spans multiple years, the year can be updated once all the information for
a specific year has been entered. The filled-in working sheet needs then be duplicated and cleared.
Then the data for the new year needs to be filled in. When all the data for both years are filled in the
sheets need to be merged statically. The sheet needs to be cleared because the correct CO,e emission
factors need to correspond to the right timeframe, this is needed because emission factors change
over years as stated before in Section 4.2. The filled-in postcode retrieves the longitude and latitude
respectively from the postcode table with a VLOOKUP function discussed in Section 4.2. The year needs
to be filled in to retrieve the CO,e emission factors from the CO,e emission factors table for the
emissions that are set free during the phase of A4, transportation, in the LCA, and the employees
commuting.

In the next section of Table 15, B, the suppliers will have to be filled in. Based on the suppliers and
subcontractors table, Table 11, a dropdown tile will be shown where a supplier can be selected if it is
available in Table 11 based on the company name. When a supplier is selected from the tile the column
of known supplier will be highlighted green with “Yes”. This means that the driving distance is known
on the Google Maps route and this will be used to calculate the total emissions for this supplier. The
other option is that the supplier is not known. Then, the postcode also needs to be filled in. This creates
the driving distance based on the formula as described in Section 4.2 keeping in mind the deviation
from the distance group. This by hand filled in supplier then needs to be added to the
suppliers/subcontractors table. At the moment it is not possible to automatically add the supplier to
the suppliers/subcontractors table because there is no connection to retrieve the Google Maps driving
distance. This should be added manually. If needed, the new supplier can also be added to the distance
groups table to make the deviation for the distance group more accurate. When more suppliers or
subcontractors are added to the table the calculation of the distance groups is more reliable because
there is more data in the table. In the next column of section B, column E in Table 15, the kind of
transport needs to be selected, also with a dropdown tile. The linked table here is Table 14, the CO,e
emission factors table. When the method of transport is selected, the CO,e emission factor will pop
up because of the filled-in information of year and method of transport. With a VLOOKUP function,
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the value is retrieved out of column D, from Table 14. When it is retrieved, column L in Table 15, the
CO,e emission factor unit which is from standard highlighted red, will turn green or red. It will turn
green when the unit of the value for the kind of transport is in kilometers. When this is not the case
the cell will highlight red. This means that another kind of transport needs to be selected because the
travel distance is calculated based on kilometers and therefore the CO.e emission factor unit also
needs to calculate the CO,e emissions based on kilometers. In this way, a protective measure is built
into the tool to warn the user of the tool that he has filled in the wrong cell which he needs to adapt.
The last column that needs to be filled in is the delivery times column, column M. When the delivery
times are filled in, the total kilograms CO,e emissions are calculated. Column M will be multiplied by
column L. Now follows an example of the working of the combined sections A and B from Table 15 to
understand the working of the table.

o
&

Table 16: Working sheet table, sections A and B

In Table 16 above there are numbers from 1 to 12 which are the chronological steps to get to the
outcome of the total kilograms CO,e emissions in step 12. Note that in this example real project data
has been used. Therefore project locations and suppliers/subcontractors/employees will not be
mentioned or explained. These steps will now be described:

1. Inthis step in section A of the table the year of the project is filled in.

2. The project location postcode is filled in.

3. Based on the postcode of the project location the latitude and longitude are retrieved from
Table 12.

4. A supplier from the dropdown tile is selected which is linked with Table 11. If the supplier is
not shown in the tile the supplier is not known in Table 11.

5. A:When the supplier is known from the previous step the cell will turn green and show “Yes”.
If it is not known it will turn red and show “No”. Then steps 5B and 5C come in place. If it shows
“Yes” steps 5B, 5C, and 7 are skipped as shown in Table 16.

B: From the unknown supplier the postcode needs to be filled in from the supplier's location.
Because in this example the supplier is known, this is not the case.
C: If this postcode is filled in it retrieves the latitude and longitude from Table 12.

6. Select a transportation method from the dropdown tile or search for a transportation method
and select it.

7. This step comes into account when the supplier is not known. When step 5B is filled, the
HAVERSINE formula calculates the as-the-crow-flies distance based on the respectively project
latitude and longitude and the supplier's latitude and longitude. This retrieves the distance in
column G. As said before, Table 13 contains the distance groups and this is linked in the cells
in columns H and | from the working sheet. It shows in column H the distance group and in |
the deviation percentage of the distance group.

8. Here the travel distance is calculated. When the supplier is known it takes the Google Maps
route distance from Table 11. When the supplier is not known the as-the-crow-flies distance
will be taken plus the average deviation percentage from the group distance. The distance
groups in Table 11 contain all the information from the known suppliers at the moment the
data was analyzed. When new suppliers are known within the company these should be added
to the table. In this case, the distance groups will be more reliable because the calculation of
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the deviation is based on more data. An example will be given of how it looks when an
unknown supplier is filled in. The example that now follows is based on a dummy company:

2023 7531 AN 52,23054724 6,309063307

754284 52,18957551 6,900405947 Bestelwagen (km]-G No 4,585626158 0-20km 31,37% 6,02 0,251 kg CO2/km

Table 17: Example of unknown supplier for calculation of CO,e emissions in kilograms per km

In Table 17 can be seen how an unknown supplier is filled-in. The as-the-crow-flies distance is
4,58 kilometers. The distance group then is 0-10 kilometers. This has an average group
deviation of 31,37%. So the 4,58 kilometers is multiplied by 1,3137 to get to the travel distance
of 6,02 kilometers. When the travel distance in kilometers is known step 9 comes in place.

9. Column K from section B retrieves the CO,e emission factor unit from the transportation
method in combination with the year.

10. Column L from section B is a controlling cell. It shows if the filled-in transportation method is
based on kilometers because all the calculations are based on kilometers. Therefore when this
cell turns red, another transportation method needs to be selected.

11. The number of delivery times needs to be filled in. On the invoice from the suppliers, there is
shown a delivery date. When a supplier comes multiple times at the project location for the
project this needs to be taken into account. From the analyzed data it is also possible that a
supplier delivers materials for multiple projects at the same time. In this case, the delivery
times need to be divided by the number of projects it delivers materials for. In this way, the
CO,e emissions are allocated to each project it is related to for the same percentage. For
example, if a supplier delivers materials for three projects at the same time, each project is
allocated 33% of the total emissions which is set free by the transportation.

12. The total amount of kilograms of CO,e emissions is calculated. It multiplies the travel distance
in km (column J) with the CO,e emission factor (column K) and the delivery times (column L).

The setup for the next section in Table 15, C, the subcontractor's section is almost the same as the
supplier’s section but differs on the part from delivery times. While subcontractors are coming to the
project location and work on an hourly basis or on full working days instance, the delivery times column
is changed to the amount of minutes and amount of employees that are working for the subcontractor
to calculate the travel distance and the related CO,e emissions. Based on the invoice amount and the
created budget for the project per subcontractor by Kormelink b.v. it is possible to calculate the total
amount back to working days. These days are then multiplied by the CO,e emission factor and the
travel distance. The total amount of employees that the subcontractor is using is optional so it is not
necessary to fill it in, in the working sheet.

The next section in Table 15, D, the employees, is also similar to the supplier's section. The link is with
the employees help table which is not shown due to confidential information. Like said in Section 3.2.3
it contains information on the living addresses of the employees and also respectively the longitude
and latitude. When a new employee is getting to work for Kormelink b.v. they can update the employee
help table to get the new information to retrieve the postcodes for the living address. If the employee
table is not updated they have to fill in the postcode of the home address manually in column B of
Table 15. If the employee is in the help table the longitude and latitude will be retrieved from it. The
user of the tool also needs to select if the employee is driving from the office, if this is the case the
Google Maps route will be taken for commuting to the project location. At last, in column K the amount
of working days at the project location needs to be filled in to calculate the total kilograms of CO,e
emissions.
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The last section in Table 15, E, is about the materials. The link is with Table 21 in Appendix E. In the
first column materials can be selected that have existing LCAs or EPDs in the materials table. Because
the materials are based on a unit in the LCA or EPD the same unit must be chosen to get to the correct
CO,e emissions. Therefore, the unit of the material needs to correspond with the unit in the materials
table otherwise it is not calculating the CO,e emission for the material.

In the working sheet, it is now possible to distinguish the total kilograms between the upstream
categories for Scope 3. This makes it also possible to compare suppliers who deliver the same materials
or subcontractors who are doing the same work. After coordination with Kormelink b.v. the working
sheet, Table 15 can be filled in with three possible options to calculate the total CO,e emissions:

1. Based on the received invoices from the project.
2. Based on the budget for the project set up by Kormelink b.v.
3. Based on the budget corrected with the received invoices for the project

After coordination, the choice has been made to go for option 3. Option 3 gets the closest to reality.
Option 1 based on the received invoices only includes the totals of subcontractors and does not have
insights into the materials they are using. Option 1 is good to use when Kormelink b.v. is not using
subcontractors and only uses the materials that it buys. In this way, the invoices give the reality of the
materials used and which suppliers have come to the project location. Option 2 is not the best option
to use because the budget is estimated to be larger than reality. In this budget, they also mention the
materials they estimate to use. When the budgeted materials are used, the estimated CO,e emissions
will always be expected to be higher than the reality. The advantage it has is that all the materials that
are being used for the renovation are filled in. This also includes the materials used by the
subcontractor. Therefore, option 3 is the best to come to the reality. The budgeted materials are being
corrected by the received invoices and all the materials which are not on the invoice are coming into
the working sheet through the budget.

4.4 Operational phase

To answer sub-research question 6: “What are the savings on operational CO,e emissions in the use
phase of a building’s lifecycle after the renovation projects Kormelink b.v. has carried out?”, data from
residents have been gathered on the operational phase according to the literature and Figure 1, which
is described in Section 2.1.2 on operational energy use (gas and electricity). These data contain the
usage of the residents before and after the renovation. It shows the relationship and improvement in
usage before and after the renovation. For three residents the usage has been gathered where the
renovation projects also have been finished so the data can be compared to each other. On average
for three residents the total savings every year for gas is 14% and for electricity is 12%. To answer the
main research question, the total savings on electricity and gas need to be calculated with the related
CO,e emission factors so the payback period can be calculated. Because the data is project-specific,
sub-research question 7 where the payback period will be calculated, will be answered with the data
where the impact is the lowest in percentage. In this case, a margin of error will be accounted for. This
will be discussed in Chapter 5.

4.5 Conclusion

In conclusion, Chapter 4 has detailed the sections of the built tool and its practical application. The
tool’s setup aligns with the GHG Corporate Value Chain (Scope 3) Standard. For each Scope 3 activity,
the tool specifies the activity data, the emission factors used, the GWP values of materials, and the
assumptions made. It addresses sub-research question 6: "What are the savings on operational CO,e
emissions in the operational phase of a building’s lifecycle after the renovation projects Kormelink b.v.
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have carried out?” On average, for three residents, the annual savings are 14% for gas and 12% for
electricity. Detailed information on the savings for the projects with the lowest and highest impact will
be discussed in the next chapter. All the data has been gathered, analyzed, and processed in the tool.
The next chapter will look into the results and answer the last sub-research question and main research
question.
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5. Results

This section highlights the key findings from the analysis conducted using the developed tool,
specifically focusing on the calculation of Scope 3 CO,e emissions associated with renovation projects
in the Dutch building sector. It addresses sub-research question 7: ” What is the payback period on
Scope 3 emissions that are emitted during renovation projects and the savings in operational CO,e
emissions in the operational phase of a building’s lifecycle compared to pre-and post-renovation?” and
the main research question: “What is the relationship between Scope 3 CO,e emissions and the
operational CO,e emissions of a building in Dutch building renovation projects, both pre-and post-
renovation?”. Additionally, the results on Scope 3 emissions will be applied to emphasize the
importance of sustainable practices for stakeholders.

The built tool includes all information related to Scope 3 activities for purchased goods and activities,
upstream transportation and distribution, and, employee commuting. The sources that were used to
calculate the CO,e emissions materials come from LCA databases with EPDs as a result. For the
upstream transportation and distribution and employee commuting the sources include emission
factor databases, the ERP system Kormelink b.v. uses for employee information, budgeted materials
that subcontractors use during the project, and, suppliers location information.

From all the project data that is used, 54 materials are used that can be categorized into 24 categories.
In total, ten different subcontractors have worked on renovation projects, and from eight different
suppliers materials have been bought. For the project data that answers sub-research question 7, the
project with the lowest impact on the operational phase after the renovation, as discussed in Section
4.4 to take a margin of error into account, was used for the calculation. After analyzing the data, 16
different materials were used, three subcontractors were hired, and, from two suppliers materials
were bought. After the working sheet has been filled in with the data from the project with the lowest
impact before and after the renovation, the total CO,e emissions of the project are estimated at 1,198
kilograms as can be seen in Table 18.

Upstream transportation and ditribution from suppliers 12.702237
Upstream transportation and ditribution from subcontractors 27.2457
Employee commuting 115.9232176

Purchased goods and activities 1042.471707

1198.342862

Table 18: Total CO,e emissions from project data with the lowest impact in the operational phase after the renovation

Based on the filled-in worksheet and the gathered information on the operational phase, sub-research
guestion 7 can be answered. The saving percentage on the operational phase per year is respectively
for electricity 4.99% and for gas 7.49% for the residents on this project location. For the electricity the
kWh used before the renovation was 2,996. After the renovation 2,863 kWh was used. This means a
savings of 133 kWh was saved. For gas, the usage before the renovation was 1442 m3. After the
renovation 1334 m3 was used. For gas, a saving of 108 m3 has been established. When converting the
133 kWh to kilograms CO,e, a saving of 60.648 kilograms was saved. For gas, this is 225.18 kilograms.
For the operational phase, this is a total savings of 285.83 kilograms every year. All the details of the
savings can be found in Appendix F. While the total CO,e emissions that have set free during the project
is 1,198 kilograms and the savings on a yearly basis are 285.83 kilograms this means that the payback
period on the measured Scope 3 emissions that emit during renovation projects and the savings in
operational CO,e emissions in the operational phase of a building’s lifecycle is 4.5 years. In the
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Netherlands, there is an energy-saving obligation. This obligation makes it obligatory for firms to carry
out projects when energy savings on CO,e emissions have a payback period of less than five years
(Rijksdienst voor Ondernemend Nederland 2023). With this information, it can be said that from the
analyzed data the payback period with the lowest impact has a positive result towards the
environment, is relatively short, and has to be carried out.

The main research question can be answered in conjunction with sub-research questions 6 and 7. To
understand the relationship, the total emissions for the project with the highest impact on the
operational phase was calculated. The total usage of CO,e emissions in the project and the payback
period for this project will be compared to the project where the impact is the lowest. For the project
with the highest impact, 2,696 kWh of electricity was consumed, which decreased to 2,370 kWh post-
renovation, resulting in a savings of 329 kWh, which is 12.09%. For gas, the consumption was 1,238 m?3
before the renovation and 1,011 m?3 after, leading to a savings of 227 m3, which is 18.34%. This results
with the right CO,e parameters for electricity and gas usage to a savings of 623.25 kilograms per year.
After every activity of Scope 3 is filled in, the total CO,e emissions for the project are 1973.49874
kilograms. This can be seen in Table 19 below.

Upstream transportation and ditribution from suppliers 18.02237
Upstream transportation and ditribution from subcontractors 33.58
Employee commuting 324.87

Purchased goods and activities 1597.026377

1973.49874

Table 19: CO,e emissions for the project with the highest impact in the operational phase after the renovation

The payback period for the project where the impact in the operational phase is the highest is
calculated by 1,973 divided by 623.25 which is 3.2 years. The difference between the two projects in
savings in the operational phase is 623.25 minus 285.83 which is 337.42 CO,e kilograms per year. In
total, the difference in Scope 3 project emissions is 1973 minus 1198 which is 775 kilograms COxe.
Based on this information, it means that for every CO,e kilogram extra used in the project, the
operational phase will be saving 0.435 CO,e kilogram per year. This relationship shows that higher
Scope 3 emissions during renovation can lead to greater CO,e savings during the operational phase,
resulting in shorter payback periods. In this research, the savings of 0.435 CO,e kilogram per year are
established from a point when the Scope 3 project emissions are going to be larger than 1198
kilograms.

In addition to the relationship that has been established, the results of the tool identifies hotspots for
all the materials and suppliers where emissions are set free during the project. Based on this,
stakeholders can make decisions on sustainable practices. The analysis revealed that the category of
bought materials is the most polluting, constituting 87% of total CO,e emissions based on the filled-in
project data. This means that organizations can make the most environmental impact on the bought
materials. The choice of which materials are being used in a renovation project has a significant impact
on the CO,e emissions during the lifecycle. This can be seen in Table 20.
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Average of CO2e ( A1-A3 +A5)

Column Labels [~ |

Row Labels [~]1,49m2 298m2 kg ml m2 m2 m3 unit unit (stone) Grand Total
HAdhesive 0.262 0.262
aggregrate products 0.0355 0.0355
Back wall 6.9285 4.65 5.78925
Bricks 0.30897 0.30897
Floor isolation -3.120217 -3.120217
Floor protection 0.7836 0.7836
Gipsplaat 10.8 10.8
Glass 1.472757 39.745 5.45847 272.9235 79.89993175
Hisolation filling material 24 24
Slsolation materials 6.355168644 0.30897 4.75376 5.584417317
Iko Enertherm alu (thickness 66mm) 9.094017 9.094017
Isobouw slimfix deco 4,0 (per m2) 6.3225008 6.3225008
Isobouw slimfix deco 4,0 (per unit) 4.75376 4.75376
Isobouw slimfix deco naadprofiel 4,75376 4,75376
URSA XPS N-III L {thickness 100mm) 8.04 8.04
URSA XPS N-III L {thickness 120mm) 9.64 9.64
URSA XPS M-I L (thickness 40mm) 3.22 3.22
URSA XPS N-1II L {thickness 50mm) 4.01 4.01
URSA XPS N-11I L {thickness 60mm) 4,82 4,82
URSA XPS N-1II L (thickness 70mm) 5.63 5.63
URSA XPS N-III L {thickness 80mm) 6.42 6.42
Rock wool (m2 per thickness 20 mm) 0.30897 0.30897
Mortar 0.4233089 0.4233089
Polyurethane 1.017 1.017
[HSealing tape 4.2658458 4.2658458
[HSilicone based products 5.986 5.986
HTiles 9.83 9.83
@ Ventilation ducts 4.534 4.534
EHWindow frame 20.70099 20.70099
HWindows 194.249439 194.249439
HWood -17.92026 -10.98848003 -60.55812 -776.5446 -275.5907567
Roof isolation 13.135 13.135
Chipboard -52.136 -52.136
Dry wall 7.67 7.67
Cavity wall 10.03 10.03
[H Ventilation system 700.55 700.55
Grand Total 6.9285 -17.92026 1.162943622 4.534 8.465951067 41.46670123 -426.7219 164.48038 0.30897 -1.223669257

Table 20: Average CO,e emissions per material category per unit for lifecycle phases A1-A3 +A5

In Table 20 the differences between the materials for the category of isolation materials can be
interpreted. Using specific materials can result in lower CO,e emissions over the lifecycle of the
material. This can be linked back to the literature in Section 2.1.4 regarding sustainable practices.
Organizations need to shift towards materials that have lower embodied emissions which results in
lower CO,e during their lifecycle. With the built tool Kormelink b.v. can calculate what the results
during the lifecycle will be for the materials. The tool enables comparison between the analyzed
materials within a specific category. Therefore, Kormelink b.v. has choices to determine the outcome
of their own Scope 3 emissions by choosing more sustainable materials. In addition, the Scope 3 CO,e
emissions on upstream transportation and distribution can be improved by choosing more local
suppliers and subcontractors to the project location. By choosing more local suppliers and
subcontractors the less CO,e the activity of transportation and distribution will be. The same accounts
for choosing employees who are living more local to the project location.

Overall, the relationship between Scope 3 and operational CO,e emissions in Dutch building renovation
projects is quantifiable and significant. Higher Scope 3 emissions during renovation can lead to greater
CO,e savings during the operational phase, resulting in shorter payback periods. Within this research,
the savings of 0.435 CO,e kilogram per year are established from a point when the Scope 3 project
emissions are going to be larger than 1198 kilograms. This relationship highlights the importance of
considering both the initial CO,e footprint of renovation activities and the long-term environmental
benefits when planning and executing renovation projects. Kormelink b.v. can measure and report on
their Scope 3 CO,e emissions from renovation projects. By using the tool, it assures that it is in line
with the GHG Corporate Value Chain (Scope 3) Standard. The tool enables Kormelink b.v. to make
sustainable decisions on the Scope 3 categories of purchased goods and activities, upstream
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transportation and distribution, and, employee commuting. External companies that have similar
activities and are using similar products can use the tool for an indication of Scope 3 emissions. When
they want to calculate accurate Scope 3 emissions they should adapt the supplier and subcontractor
tab, the employee tab, and, the materials tab to their specific needs and business information. When
reporting Scope 3 emissions based on CO,e emission averages for materials from this tool, companies
should disclose this to comply with the GHG Corporate Value Chain (Scope 3) Standard, noting that
this may reduce the assurance of the Scope 3 inventory’s reliability.
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6. Discussion

Now all research questions are answered, a look will be given into the contributions and the validity
of the research. Also, the limitations of this research will be discussed.

This study makes significant contributions, both theoretically and practically, to the understanding of
the environmental impact of renovation projects in the Dutch building sector. Before this study, there
was less known about renovation projects and how Scope 3 project emissions relate to the operational
phase of the building. The theoretical contribution lies in understanding the relationship and the
resulting payback period between Scope 3 and the operational CO,e emissions of a building in Dutch
building renovation projects, both pre- and post-renovation. It contributes to the field of
environmental and sustainable practices. The relationship showed that higher Scope 3 emissions
during renovation can lead to greater COe savings during the operational phase, resulting in shorter
payback periods, and the payback period was calculated at 4.5 years for the project where the positive
impact in the operational phase pre- and post-renovation was the lowest. In this research, the savings
of 0.435 CO,e kilogram per year are established from a point when the Scope 3 project emissions are
going to be larger than 1198 kilograms. This research aligns with existing Scope 3 research to
understand that considering the entire lifecycle of a project is essential for sustainable outcomes.

The outcome of the research can also be used within long-term sustainability on practical implications.
Based on the existing literature in Chapter 2 which showed that it is important to distinguish each
Scope 3 activity to identify the hotspots where sustainable practices could be implemented. According
to the existing literature, it is important for policymakers and decision-makers that each Scope 3
activity is reported on as detailed as possible. They can make better decisions when information is
more detailed. Knowing that the outcome of this paper also showed that 87% of the emissions take
place in the purchased goods and materials, sustainable practices should be implemented at this phase
first to get the biggest wins. Following the literature, decisions need to be made for materials to shift
to more renewable materials. Therefore, building companies can use the results of this paper for their
benefit to shift towards renewable or sustainable materials. Following the literature this should be
done at the design phase of a project. When building companies use the results of this paper for their
sustainable practices they can start by examining their materials before conducting full research on
the Scope 3 activities, as it is already examined and has the highest impact on the operational phase.

By looking into all the different models that can be used to report on Scope 3 emissions, the choice
to follow the GHG Corporate Value Chain (Scope 3) Standard came forward through the objective of
this study and the examined literature in Chapter 2. The GHG Corporate Value Chain (Scope 3)
Standard is in line with the CSRD. This means that when following the Standard you report following
the obligatory regulations of the CSRD. This prepares Kormelink b.v. for the future when they have to
report on Scope 3 emissions. In addition, the CSRD mentions that the CO,e emissions need to be
measured and the Standard mentions that it is obligatory to convert all emissions into an equivalent.
This could be done with the LCA databases where EPD results were mentioned with the GWP for
each material. For the other phases, the LCA databases could be used to calculate the emission
factors of transportation and employee commuting. When following other methods this could have
led to other emission equivalents which is not in line with the CSRD. Furthermore, when following
the Standard the hotspots for each Scope 3 activity will come forward which makes it useful for
policy- and decision-makers to implement sustainable practices. The built tool can be used by
external companies to measure their own Scope 3 emissions. Building companies can use the
material CO,e emissions averages of the tool or research its material inventory and replace it in the
tool. The tool can also be used for further research which will be explained in Section 7.2.
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The validity of the research lies in Chapters 2, 3, and 4. Looking towards the Scope of research it was
necessary to come up with all the CO,e emissions which set free during the project, and the
difference in the operational phase on the pre-and post-renovation. Therefore, the theory gives a
solid answer to gather the required input on these emissions by following the GHG Corporate Value
Chain (Scope 3) Standard and the LCA method where the GWP values can be used to calculate the
CO,e emissions. In Chapters 4 and 5, an explanation has been given for which information the tool
requires for the Scope 3 emissions. The setup of these tables has been described so that all necessary
data is reported on regarding the research. From all analyzed data information regarding the Scope 3
activities Kormelink b.v. has carried out CO,e emissions could be found. This ensures that the content
validity is good. By following the GHG Corporate Value Chain (Scope 3) Standard and not deviating
from it the face validity is very good. While the operational phase can vary a lot within residentials,
they were asked some questions to residents to rule out big differences in the operational phase
which could give problems with the validity. Data was only collected from the residents who did not
have a family expansion, such as getting an extra child, have not taken other sustainable practices
towards their house which could give a better performance on the operational phase separate from
the renovation project, and were the residents were at home the year after the renovation. In
addition, in the Netherlands there was a period where gas prices were highly above average, this can
be seen in Appendix G. This data varies between November 2021 and November 2022. Therefore,
renovation projects where the operational phase after the renovation would fall between this period
were also excluded. In the end, this came to data from three residentials that meet the criteria for
the operational phase.

However, it is important to note that the research has limitations, such as that the tool is partially
static due to the need to input data from suppliers and LCAs of materials, requiring manual input of
data from suppliers and LCAs of materials, which may be time-consuming and prone to errors. In
addition, subcontractors may not provide complete data on the materials used, leading to potential
inaccuracies in the emissions calculations. Yearly parameters need to be updated yearly, to measure
emissions with the right parameters. Limitations can also arise in circumstances from the operational
phase. In this paper, there are some measures taken to overcome this and only include operational
data that is similar to each other across different projects. The interpretation of these limitations is
that while the tool provides valuable insights into emissions calculations, the manual input
requirements and potential data inaccuracies may hinder its efficiency and accuracy. The last
limitation is in the part that only three projects were examined to examine the relationship between
Scope 3 CO,e emissions and the operational CO,e emissions of a building in Dutch building
renovation projects, both pre-and post-renovation. Although data was only used from projects that
assured the validity was good, it is relatively a small sample size. These limitations highlight the need
for future research which will discussed in Chapter 7.
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7. Conclusion

In this section, a summary of my paper will be given in Section 7.1, and based on the discussion it will
lay the foundation for future research in Section 7.2

7.1 Summary

This thesis explored the relationship and the resulting payback period between Scope 3 and the
operational CO,e emissions of a building in Dutch building renovation projects, both pre- and post-
renovation. The research follows a two-part approach, including a literature review and an empirical
study, addressing key questions like identifying the most environmentally impactful activities for
Scope 3, exploring existing data collection tools, studying effective reporting methods, and
calculating the Scope 3 emissions for renovation projects and calculating the payback period. By
answering these questions it answered the following research question What is the relationship
between Scope 3 CO,e emissions and the operational CO,e emissions of a building in Dutch building
renovation projects, both pre-and post-renovation?"

The research reveals a relationship between the Scope 3 CO,e emissions generated during
renovation projects and the subsequent CO,e savings during the operational phase. Specifically, for
every additional kilogram of CO,e emitted during the renovation, there is a saving of approximately
0.435 kilograms of CO,e annually in the operational phase post-renovation when project emissions
exceed the total of 1198 kilograms of CO,e. The research shows that the payback periods for the two
analyzed projects, one with lower Scope 3 emissions and one with higher Scope 3 emissions, are 4.5
years and 3.2 years, respectively. Both payback periods are below the five-year threshold set by
Dutch regulations, meaning the energy savings justify the initial CO,e investment. In addition, The
results demonstrate a trade-off between the CO,e emissions during renovation and the subsequent
operational savings. Even when Scope 3 emissions are higher, the operational savings can be
substantial enough to achieve a relatively short payback period, thus offering environmental benefits
over the building's lifecycle.

The findings highlight the role of considering Scope 3 emissions in renovation projects and emphasize
the importance of sustainable decision-making. By identifying the most polluting materials,
subcontractors, and suppliers that are commonly used in renovations for the company Kormelink
b.v., the study offers insights for stakeholders to make informed decisions for sustainable practices.
The developed tool makes it possible to quantify the CO,e emissions for renovation projects,
allowing stakeholders to compare detailed sustainability improvements across both different and
within Scope 3 categories effectively.

In conclusion, the relationship between Scope 3 and operational CO,e emissions in Dutch building
renovation projects is quantifiable and significant. Higher Scope 3 emissions during renovation can
lead to greater CO,e savings during the operational phase, resulting in shorter payback periods. This
relationship highlights the importance of considering both the initial carbon footprint of renovation
activities and the long-term environmental benefits when planning and executing renovation
projects.

7.2 Future research

While discussed in Chapter 6 that the tool is partially static, research can be done in the way for
improvement including the use of a general database with materials or the use of averages for
categories of materials when specific materials are unknown. This can be achieved through further
research, which should focus on addressing the limitations of the tool by exploring automated data
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collection methods and improving the accuracy and reliability of emissions calculations. When data
about Scope 3 activities are known and available in a database, firms are more likely to use it more
easily. When they have to figure all the LCA and EPD out on their own it is time-consuming and can
be a threshold to look into it.

Future research could explore extending the relationship with additional variables. This paper
focused on a renovation project as a whole, where measures have been taken into account when
project data could be used to assure the validity of the research. future studies could adapt the tool
to examine relationships based on specific details, such as the surface area of the buildings. The
research could investigate how renovation projects with varying surface areas compare in terms of
the operational phase performance, despite having the same Scope 3 activities or renovation
activities. In this way, a new relationship can be established that states the influence of surface area
on the efficiency in the operation phase of renovation projects also taking the Scope 3 project
emissions into account.

Another research could be done to look into the relationship between Scope 3 CO,e emissions and
the operational CO,e emissions of a building in Dutch building renovation projects, both pre-and
post-renovation, where only renewable materials have been used. While literature showed that
companies should shift towards more renewable materials this could be investigated. Those results
can be compared with the results of this paper to conclude something about the difference in the
usage of materials and what the differences in the relationships are when only renewable materials
are used. Also, research on circular economy can be done. By focusing on incorporating circular
economy principles, such as material reuse and recycling, into renovation projects, the
environmental and economic impacts of these practices at scale can be researched. This will extend
the relationship with the building’s lifecycle phases of end-of-life and recycling.

At last, this study is based on data from only three renovation projects, which restricts the
generalizability of the findings. Expanding the research to include a broader range of projects and
exploring different building types or renovation scenarios could provide more comprehensive
insights into the sustainability literature.

In conclusion, there is space for refining the accuracy, expanding its applicability, and improving the
efficiency of the relationship in future studies.
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Appendices
Appendix A: Global CO, emissions by sector in 2019

Figure 10: Global CO, emission by sectors (Source: Ali et al., 2020).
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Appendix B: CO, emission by sector in the Netherlands
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Figure 11: CO, emissions in tons by sector in the Netherlands (Source: Open world data, n.d.)
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Appendix C: Most indicators mentioned in corporate sustainability reports

Scope 1:
CO; emissions (direct/indirect/total) 10
Fuel energy used 9
Emissions of Sulphur dioxide (SO2) 12
Emissions of nitrogen oxides (NOx) 7
38
Scope 2:
Energy use intensity 16
Greenhouse gas emissions intensity 15
Energy used by source 5
36
Scope 3:
Carbon intensity in product (direct/total) 5
Estimated CO2 eq. annual reduction (tons) 4
Fossil fuel use 4
Greenhouse gas emissions sources 3
Reduction of freshwater demand 3
Volatile organic compounds emissions 4
Water compliance 3
26
Multiple scopes:
Greenhouse gas/CO2 equivalent emissions 42

Figure 12: An overview of the indicator for Scope 1, 2, and 3 and the times they have been reported on (Roca and Searcy
2012).
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Appendix E: Materials list of the built tool
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Table 21: Materials list in the built tool
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Appendix F: Residential data on the operational phase before and after the renovation

A 8 [ ) E F G H J K L M
Amount of Amount of Difference in money between
usage before Ratebefore money before  usage after Rate shter moneyafter  Differencein usage  Difference in money between periads with rate before
renovation  Unit renovation  renovation renovation  Unit renovation renovation between periods  periods taking rate into account _ renovation Impact
Electricity normal 1813 kwh 0.06456 117.04728 1770 kiwh 007384 130.6968 43 € -13.65 € 278 2.37%
Electricity night 1183 kWh 0.04875 57.67125 1093 kiWh 0.05979 65.35047 %0 € -7.68 € 439 7.61%
Gas 1442 M3 022713 32752146 1334 M3 022835 304.6189 108 € 2290 € 24.53 7.49%

Savingsin  Coze

usageina  emission  Savingsin
year factor Coze
Electricity 133 0.46 60.648 kg
gas 108 2.085 22518 kg
285.828 kg

Table 22: Savings in CO,e emissions for the project data with the lowest impact
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Appendix G: Fluctuation of gas prices in the Netherlands
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Figure 13: Fluctuation of gas prices through the years in the Netherlands in euros (Source: Energievergelijk, 2024)
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