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Executive Summary

This graduation project aims to study the implementation process of green concrete
into construction projects in order to promote and achieve a sustainable development of
the construction industry. The main research question this thesis strives to answer is
How can green concrete solutions be implemented in construction projects to achieve and
promote sustainability, considering the challenges and limitations of adopting innovations
in the industry?, followed by the four sub-research questions; What is the de nition and
signi cance of green concrete in the construction industry, considering its potential to
promote sustainability?, What are the most common barriers and challenges faced by
construction professionals when implementing green concrete solutions in their projects,
and how can these be addressed e ectively?, What are the key factors that in uence the
decision to adopt green concrete solutions in construction projects, and how can these
be leveraged to promote the widespread implementation of these solutions?, and What
are the current used practices and strategies for integrating green concrete solutions into
the design and construction process, ensuring that they are seamlessly integrated into the
project and meet the required performance standards?

In this research, a mixed methodology was used, including a review of the existing
literature, an online survey conducted at company level, and semi-structured interviews
with various experts in the construction eld. These methods resulted in important

ndings regarding the meaning and importance of green concrete, as well as the challenges
it faces and strategies for promoting its use as a reliable construction material.

Green concrete is a construction material that integrates eco-friendly elements through-
out its life cycle, including the design, building, and maintenance phases. This material
is characterised by its use of recycled materials and avoidance of processes that harm
the environment. Green concrete plays a vital role in achieving sustainability goals by
minimising environmental impact and promoting resource e ciency in the construction
industry. The current de nition of green concrete is expanded by this research to in-
clude a reduced cement content, incorporation of recycled minerals, lower energy and
water consumption, longer lifespan, and the ability to promote environmental, social,
and economic sustainability in the construction market.

Based on the results of the online survey conducted within the company, it was found
that there was only moderate familiarity with the concept of green concrete among the
respondents. This indicates the need for further education and awareness. On the other
hand, it resulted that green concrete is seen as important and relevant for the industry,
which creates an opportunistic scene for scale-up. The study also revealed that the
environment has the greatest in uence on the decision-making process when it comes
to sustainability, followed by society and economy. The factor analysis highlighted 7
most critical factors that interfere with the decision-making process, including the overall
industry support and promotion, the personal traits of individuals such as attitude and
beliefs, resources, market status, lack of leadership, collaboration, and communication



barriers and time. Lastly, a relative importance index calculation was performed on the
10 most common barriers to innovation, which resulted in "Short-term thinking" being
the most impactful factor for the company’s employees, followed by "Fear" and ""No clear
process".

Construction specialists interviewed in this study con rmed the importance of green
concrete as a sustainable material and acknowledged its bene ts for achieving sustain-
ability goals. Nonetheless, they also stretched the issues in implementing green concrete,
such as high costs, performance and durability concerns, and the absence of norms and
standards. In addition, various factors were identi ed that in uence the implementation
process, including investment, client and contractor decisions, sustainability and environ-
ment, innovation and technology, performance and safety, social impact, and openness
and collaboration. Collaboration, education, regulatory incentives, and R&D investment
are identi ed as e ective strategies to promote successful implementation of green con-
crete in the construction industry and foster sustainable development.

To integrate all the ndings in a systematic approach, a framework was developed to
aid the process of implementing green concrete solutions into practical applications. The
Green Concrete Integration Model (GCIM), depicted in Figure 6.1, 0 ers a pioneering
approach for implementing green concrete in construction projects. Employing a spiral
model, the GCIM emphasizes adaptability and continuous improvement. The framework
operates in divergent and convergent dimensions - the former involves discovery and
exploration, while the latter concentrates on practical implementation.

The GCIM consists of six iterative steps: identi cation, estimation, planning, testing
and re ning, scale-up, and monitoring. Each step addresses speci ¢ challenges - technical,
economic, socio-cultural, and regulatory - and facilitates early problem detection.

Market in uences, as identi ed through a survey, are shaped by personal traits and
general perceptions. The GCIM combats the complexity arising from these in uences by
systematically managing challenges at each stage. Additionally, it highlights the impor-
tance of advanced stakeholder management and continuous monitoring of environmental,
social, and economic factors.

In summary, the GCIM provides an adaptive and structured framework for e ciently
integrating green concrete into construction projects, tackling challenges and optimizing
opportunities for sustainable advancements.
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Green Concrete Integration Model; Source: Author
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Chapter 1

Introduction

As the construction sector has a substantial impact on the environment and natural re-
sources, sustainability has become a fundamental part of modern construction methods.
In recent years, green concrete has emerged as a possible answer to construction's envi-
ronmental issues. Green concrete is a type of concrete that utilises recycled minerals and
by-products as its basic ingredients, hence minimising the amount of natural resources
utilised and waste produced during construction.

The objective of this master's thesis is to investigate the challenges and limitations

for the implementation of green concrete in construction projects and how these can be
strategically surpassed in an e ort to promote sustainability in the construction sector.
A comprehensive literature review, an in-house survey, and a series of semi-structured
interviews comprise the study's mixed methodological approach. The mixed methodology
approach gives a full investigation of the topic, enabling a broad and nuanced knowledge
of the use of green concrete in construction projects.

The remaining sections of this thesis are structured as follows. The 2nd Chapter,
gives a review of the current state of research on green concrete in building, based on
the literature. This study's methodology is presented in Chapter 3. The results of the
internal survey and semi-structured interviews are presented in Chapter 4 and Chapter
5. Finally, Chapter 6 reviews the ndings, concludes upon the entire research and makes
recommendations.

1.1 Background

In the face of rapid climate change, there is a more than necessary response from society
to act and adapt to these changes (Niemeyer et al., 2005). With higher standards of
living, the needs of humanity are rising. Therefore, more resources are required, which,
unfortunately, are not endless. In this context of change, all human activities are in-
cluded, and everyone is responsible for making sure that the day of tomorrow comes with
assurance and that the quality of life will grow or, at least, stay constant.

Zooming into the construction industry, it represents an important pillar in every
country's economy and social status (Ofori, 1990). This status, nonetheless, comes with
a price. It is the price of natural resource consumption and pollution resulting from the
production of the materials, the construction activities, and the environmental impact
during and after the lifespan of a structure.

Despite the COVID-19 worldwide pandemic, the sector picked up the pace at an
amazingly fast rate, and it is estimated that in the following 10 years it will grow by 35%
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(Elis, 2021). With this growth, the e ects of the construction activities will have a greater
impact on the environment and its future evolution. As a result, the building sector is a
top priority for enhancing sustainable practices to diminish the e ects of climate change
caused by heavy resource-usage and carbon emissions' pollution (Di Maria et al., 2018).

The main objective of sustainability is for people to live on Earth in peace and har-
mony for an exceedingly long time. Since it is di cult to come to consensus on speci ¢
de nitions of sustainability, they change over time and in the literature (Ramsey, 2015).
What has remained constant in all the current de nitions is the integration of the envi-
ronment, economy, and society in the meaning of the concept. Related to sustainability
is the SD (Sustainable Development) concept, which is de ned by Brundtland (1991) as
the \development that meets the needs of the present without compromising the ability
of future generations to meet their own needs." This thesis will consider the concept of
SD for the transition of Green Concrete from innovation towards practical application.
Relying on all three pillars of sustainability will aid in comprising a more ample answer
to the main research question that this study will strive to answer.

1.2 Problem Statement

"If the cement industry were a country, it would be the third largest CO2 emitter in the
world - behind China and the US.'(Rodgers, 2018)

As the topic of construction is broad, the focus of this research thesis will fall upon
the materials branch, in the class of concrete. This material has its origins very deep
embedded in history, and it is one of the most used construction materials. Due to its
great properties and versatility, this well-known material is and will be the material-
of-choice for future construction projects but also for the maintenance of the old built
environment. As an example, only the precast concrete market size is expected to grow
at over 5.6% CAGR (compound annual growth rate) from 2021 to 2027 due to fast
urbanisation that stimulates the growth of the industry (Pulidindi and Bhalerao, 2021),
whereas ready-mix concrete still tops the chart of popularity by 2030 (Digvijay and Onkar,
2022), as seen in Figure 1.1 below.

Figure 1.1: Ready-mix concrete & Precast concrete Market by 2030; Source: Author



In 2020 the ready-mix concrete was evaluated &448 billion, whereas by 2030 the
value is expected to go up tdb704.2 billion (Digvijay and Onkar, 2022). At the same
time, looking at the precast concrete, even though with a smaller market valuation, the
trend follows the same pattern of growth. In 2020 the value was set up £114.78 billion
(Insights, 2021) and by 2030 the expectations go up 166 billion (Straits Research,
2022).

On the downside, it is estimated that between 4-8% of total CO2 emissions come from
the concrete industry, which demonstrates its massive impact on the environment (Lehne
and Preston, 2018). More than 4 billion tonnes of cement are blended annually. That
is roughly 500 kilograms per person. In other words, humans produce enough cement
annually to construct 11,000 Empire State Buildings. At the mentioned rate of growth,
the problem of emissions will only get worse if collective e orts are not invested in the
problem at hand.

To diminish these undesired e ects on the environment, as of late, there are many
innovations emerging in the concrete market that promise, if not the same, better prop-
erties than the traditional concrete. In practice, this new material can also go under the
name of green concrete (Sivakrishna et al., 2020).

The biggest challenge in the construction sector, next to many others, is the im-
plementation phase of innovations with respect to materials. In the current scenario,
the well-known Portland cement-based concrete should be replaced with more sustain-
able versions, as the Portland cement production has the greatest negative impact when
creating the concrete mixture.

Looking at the problem through the prism of sustainability, Figure 1.2 retrieved from
Bosch Global (2022) and adapted to Hart and Milstein (1999) paper, the environment is
not the only concern in the development of an innovation towards becoming a practical
application. The other two dimensions, society and economy, need to be included in the
decision-making process.

Figure 1.2: Dimensions of Sustainability, retrieved from Bosch Global (2022)

From the start, three main broad categories of challenges can be identi ed from Fig-
ure 1.2. The environmental, social, and economic challenges can interfere with the im-
plementing process of various green concrete solutions. The mentioned three aspects of
sustainability do not come as a standalone, but intertwine with one another, a factor
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which contributes to the complexity of the problem, denoting a sense of subjectivity.

As an example, one issue is that the construction norms and standards have much
slower rates of progress than the rate of innovations. This represents an impediment,
especially in the design stage of a project. Without a concrete base, pun intended, it is
challenging for a designer to go for sustainable alternatives when there is not an extensive
design code. It is the same situation for concrete producers, as there are risks in adopting
a whole new concrete mix. The problem does not only relate to sustainability from an
environmental point of view, but other aspects like economic or social.

In a statement by the Portland Cement Association (Hill, 2013), it was emphasised
that there is no universal code for building with green concrete, but lately the interest is
rising, and it can be noticed that di erent institutions, such as governmental bodies, var-
ious construction stakeholders, and even academic bodies are putting e ort into placing
green concrete in the spotlight as a viable solution.

At the current rate of evolution, the industry might not ful | the Paris Climate Agree-
ment, which argues that the annual emissions of concrete production need to go down
at least 16% from now until 2030 (Anderson, 2022). Looking at the numbers of future
demand and the desired decrease in pollution, it might seem like a perplexing task. There-
fore, isolated try-outs of green concrete implementation need to be scaled-up to a global
perspective.

To be noted, reaching the climate objectives stands in a systematic change of sus-
tainable practices. Implementing green concrete in construction projects is just a small
component in the sustainable transition. Reducing the carbon emissions and partially
solving the waste issue will not be enough if other subsystems are not involved, as for
example renewable energy sources or energy-e cient designs.

1.3 Research Objective

The objective of this research is to identify and analyse the challenges and limitations
faced by professionals when implementing green concrete and to recommend integrating
strategies for these concrete innovations. The perspective used to perform this research is
from the consideration of green concrete as being an innovation and following its progress
towards a practical application.

In the stage of barriers identi cation, a series of green concrete solutions will be
mapped out with the aim of informing the readers about the current developments of
the industry in regard to concrete-like materials and their readiness level for real-world
applicability.

1.4 Research Questions

To solve the problem described in the previous chapter, the main research question around
which this entire investigation is centred is formulated as:

How can green concrete solutions be implemented in construction projects
to achieve and promote sustainability, considering the challenges and limita-
tions of adopting innovations in the industry?

Even though, theoretically, all these green concrete options have great technical spec-



i cations and promise great results under any exposure conditions, there are a multitude
of challenges that can interfere in the process of the innovation to becoming a practical
application. The volatile market, economic issues, disruptions in the supply chain, lim-
ited natural resources, lack of interest or knowledge and undeveloped design codes for
these new concrete-like materials are just a few of the constraints directly involved with
the discussed issue.

Next to the aforementioned hurdles, there are other constraints that enter the equa-
tion. It is not only about sustainability from an environmental point of view, but also
considering the economic impact and social in uences that the new materials imply. Sus-
tainable development presents a growth framework with great interconnectivity between
the environmental, economic and social factors and a high degree of subjectivity.

To formulate a pertinent answer to the main research question, additional sub-research
questions are needed. Therefore, the following sub-research questions are included:

1. What is the de nition and signi cance of green concrete in the construction indus-
try, considering its potential to promote sustainability?

2. What are the most common challenges and limitations faced by construction pro-
fessionals when implementing green concrete solutions in their projects, and how
can these be addressed e ectively?

3. What are the key factors that in uence the decision to adopt green concrete so-
lutions in construction projects, and how can these be leveraged to promote the
widespread implementation of these solutions?

4. What are the possibilities in terms of practices and strategies for integrating green
concrete solutions into the design and construction process, ensuring that they are
seamlessly integrated into the project and meet the required performance stan-
dards?

1.5 Research Relevance

When it comes to the relevance of this research, there can be two categories identi ed,
theoretical and practical. So far there is a lot of discussion in regard to concrete, new
mixtures of concrete, sustainability, and other connected topics, but no implementation
framework has been developed to cover the extent of the process.

Relying on the existing research, an overview of the de nition and relevance of the
green concrete can be made and a series of possible challenges in the implementation can
be identi ed in order to develop a framework that can overcome those hurdles.

1.5.1 Theoretical Relevance

As mentioned before, there is a lot of theory related to the topic that this graduation
project is focused on. While it is a great thing that the knowledge is expanding, the
downside is that large amounts of information are harder to process, analyse and under-
stand (Rogers et al., 2013). This study will take advantage of the large existing database
and Iter the necessary information useful for answering the main research question and
the sub-research questions.



De ning the concept of green concrete is an initial step in the process of this project.
Understanding the concept is key in the process of implementation. The barriers that
will be identi ed are essential in the same way as understanding the concept of green
concrete itself.

1.5.2 Practical Relevance

The practical relevance aspect is directly linked to the theoretical aspect, as most of the
time they rely on one another.

The outcome of the graduation project will consist in identifying the possible barriers
that can emerge in the process of an innovation towards becoming a practical application,
listing green concrete solutions feasible for use from a sustainable development point of
view and recommend strategies of implementation of those green concrete solutions.

In practice, identifying the possible barriers that can in uence the evolution of an
innovation is a complex task as it involves many variables which can diminish the chance of
taking advantage of an opportunity (Johansen et al., 2015). Centralising the existing vast
data and increasing the awareness of the concept of green concrete will help practitioners
into being more open to adapting new innovative concrete solutions and understand better
the implications that come together with the innovation.

1.6 Research Outline

In Figure 1.3 an overview of phases of this research project is depicted together with an
explanation in terms of what each chapter approaches individually. This diagram helps
with the planning of the project, making sure that the activities are on track and in the
right order.



Figure 1.3: Research Outline; Source: Author






Chapter 2

Literature Review

This chapter will constitute the theoretical background on which this research is based.
The key concepts involved in this topic will be further explained in detail, covering
all aspects incorporated in the main research question and the sub-research questions.
The scienti ¢ and gray literature studied for this purpose tackles the concepts of green
concrete, sustainability in the context of construction, innovations in the construction
sector, and the process of implementation of innovations, including challenges and possible
strategies.

2.1 Sustainability in Construction

The term 'sustainability’ was rst coined in 1713 in the context of forestry in Germany,
where it entails never harvesting more than the forest produces in new growth (Wiersum,
1995). Since then, the term has grown in many formats and aspects, developing deeper,
broader, and more complex meanings.

Today, sustainability is seen as \meeting the needs of the present without compro-
mising the ability of future generations to meet their own needs." - United Nations. This
de nition was given by Brundtland (1991) and it is still valid for the present time. In
essence, sustainability is a societal objective that broadly pertains to the capacity of
humans to coexist safely on Earth for an extended period of time.

Typically, three distinct aspects of sustainability are distinguished: environmental,
social, and economic, see Figure 1.2. These aspects present a high degree of intercon-
nectedness, and within literature, an understanding of sustainability requires an in-depth
overview of the context, which is open to interpretation (Purvis et al., 2018). Some pub-
lications stress out the fact that the environmental aspect is the most important (Kotz
et al., 2022), whereas other publications present sustainability as a uid concept that
changes depending on given circumstances.

Sustainability in the construction sector refers to the ecologically responsible and
resource-e cient design, construction, and operation of buildings and infrastructure.
This includes lowering the negative environmental impact of man-made structures and
enhancing the health and well-being of users. This is relevant in the context of con-
struction industry impact, as according to School (2022), the countries which are part of
the Organisation for Economic Cooperation and Development (OECD) for construction
activities use 25-40% of the total energy and 30% of raw materials, emit 30-40% of total
global greenhouse gas and produce 30-40% of solid waste.

Utilising environmentally friendly building materials and techniques is a crucial part
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of sustainable building. The use of recycled or locally sourced materials, for instance, can
lessen the environmental impact of transportation and raw material extraction. There-
fore, following the same idea, approaching the concept of green concrete with an open
mind can aid in meeting the sustainability goals proposed by the United Nations.

Simultaneously, as previously mentioned, sustainability is a multidimensional system
that aims to improve the quality of life for all people by improving the conditions of those
with disadvantages, forging valuable bonds between people by emphasising cooperation
and social bene ts, and implementing economic reforms fuelled by these natural resources
(Y Imaz and Baks, 2015). In simpler words, the interaction of environmental, social, and
economic factors draws the overall image of sustainability and, as Y Imaz and Baks
(2015) mentions in their paper, they are inseparable.

2.2 Promoting Sustainability via Green Concrete

2.2.1 Understanding the concept of Green Concrete

Green concrete, which was invented in Denmark in 1998 by Dr. WG, has the goal of
replicating classic concrete properties with recycled materials and lower carbon dioxide
emissions. Abhijeet Baikerikar described in his article 'A Review of Green Concrete’
that green concrete is the concept of embracing and integrating environmental factors
into concrete on raw material procurement, mix design, structural design, building and
maintenance of concrete structures (Baikerikar, 2014). Suhendro (2014) de nes it as 'a
concrete that uses waste material as at least one of its components, or its production
process does not lead to environmental destruction, or has high performance and sustain-
ability of the life cycle'.

In the current existing literature, a multitude of de nitions are attributed to the
concept of green concrete. One issue resulting from this variety of de nitions is that it
is still unknown if the perception and understanding regarding the concept is consistent
between the academic environment and the industry (Jin and Chen, 2013). Nonetheless,
there is one common denominator in this equation, speci cally waste usage, which is
vastly spread across all the given de nitions of the literature. These waste materials
can be used as SCM (supplementary cementitious materials) such as y ash, silica fume,
post-consumer glass, and recycled concrete or as AA (alternative aggregates) (Liew et al.,
2017).

As one of the biggest consumers of natural resources in the world, concrete produc-
tion has been looked at by experts as a possible place for construction and demolition
waste (CDW) and a source for recycled aggregates (RAS) to be used in new concrete life
cycles. Although the amount that can be added depends on the material, these additions
frequently give concrete stronger or additional features, such as durability and thermal
insulation, while employing recycled materials that would otherwise wind up in a land |I.

Some of the most popular waste categories and prime materials for obtaining eco-
concrete are given in Table 2.1.

11



Agricultural Waste Industrial Waste Municipal Waste
Rice husk ash Fly ash Glass
Corn cob ash Silica fume Plastics
Sawdust ash Granulated blast furnace slag Paper

Table 2.1: Types of waste used as SCM to produce green concrete (Liew et al., 2017)

Since cement is the largest contributor of carbon dioxide emissions in concrete, many
have concentrated on alternatives to reduce the amount of cement required per batch,
particularly industrial waste products from foundries, quarries, power plants, feed mills,
and other sources. However, there are alternative aggregates, such as recycled concrete,
glass, and plastic. In addition to substituting cement, aggregate, or sand, businesses can
save water by adding super-plasticisers or other water-reducing admixtures to concrete,
thereby conserving water during the pouring process.

The list of green concrete solutions can be extensive based on the current supplemen-
tary cementitious materials, and it must be underlined that in some cases, the complete
replacement of Portland cement might not be possible.

Nowadays, based on the interest in sustainable concrete options, the most popular
choices in terms of cement replacement are y ash, blast furnace slag, silica fume, rice
husk ash (RHA) and post-consumer or waste glass. Whereas, in terms of aggregates, the
list includes post-consumer glass, recycled concrete aggregate (RCA), waste plastic and
foundry sand.

Combining di erent ratios of di erent SCM with diverse AA can result in a large
palette of green concrete mixtures. The ideal scenario would be to replace the Portland
cement-based concrete entirely. A good example is the geopolymer concrete, where y
ash and ground granulated blast furnace slag are used as complete replacement for cement
in concrete (Hassan et al., 2019). Another promising innovation that has recently seen
the light of the market is biochar-augmented carbon-negative concrete. It typically com-
bines less CO2-intensive production methods with a nal product that cures with carbon
dioxide recovered from industrial facilities (Chen et al., 2022). Other variations of green
concrete are bio-based concrete (using biological materials or processes), ashcrete (with
y ash resulted from coal burning), ferrock (steel waste and silica from glass as binders;
it absorbs CO2 during its curing process), hempcrete (hemp bres and lime as binders),
etc.

Given the great number of green concrete options that are currently in the market or
still under development, a series of criteria must be ful lled by a concrete solution to be
labelled as green. These criteria were created with a sustainable development in focus
and the most common are as follows (Swamy, 2001; Zhao et al., 2020; Suhendro, 2014;
Garg and Jain, 2014):

" Reduced cement content: Typically, supplementary cementitious materials (SCMs)
such y ash, slag, and silica fume are used to partially substitute cement in green
concrete. This minimises the cement production's embodied energy and carbon
emissions, making the concrete more environmentally friendly.

" Incorporation of recycled resources, like aggregates and even recycled water.
" Durability as longer service life reduces the need for maintenance or replacement,

therefore lowering the negative impacts over the life cycle of the structure.
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Low energy consumption, such as self-compacting concrete and high-performance
concrete, often utilise less energy than conventional methods.

~ Low carbon footprint, not only in the life stage, but also for the production process.
" Low water consumption.

There is no de nite prioritisation of the listed factors based on what could make con-
crete greener, as it is highly depended on the goals of the project and the stakeholders
desire. However, based on an article from Ahmed et al. (2019) and two websites (Hun-
dertmark et al., 2022), (The Concrete Centre, n.d.) a possible rank is illustrated in Figure
2.1. To be noted, the values assigned to the criteria in the Figure 2.1 are not re ecting
any quantitative measurements, but re ect a subjective judgement in order to represent
graphically the list.
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Figure 2.1: Prioritisation of criteria for green concrete; Source: Author

The carbon footprint of concrete is a critical factor in green concrete. Cement pro-
duction alone is responsible for 8% of total carbon dioxide emissions, as noted by Hun-
dertmark (2022), so any concrete solution with a low carbon footprint is bene cial.
Meanwhile, durability is another critical factor to consider when making environmen-
tally friendly concrete. Durability a ects how long buildings made of concrete will last
and how much they will cost to maintain. By making concrete more durable, it can resist
damage from the environment and make buildings, bridges, highways, and other struc-
tures last longer. This means that there will be less need to repair or replace structures,
which saves resources like energy and money.

The amount of cement used in concrete is another important factor in green concrete,
as it a ects both the carbon footprint and durability of the material. Cement is the
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most energy-intensive and polluting component used in concrete. By using less cement
or replacing it with other materials like y ash, slag, or silica fume, concrete can be both
more environmentally friendly and technically sound. Additionally, the use of recycled
resources in concrete can reduce the demand for natural resources and minimise waste.
By using recycled aggregates or water, waste can be minimised, and resources can be
used more e ciently.

Finally, green concrete should also consider the energy and water usage during its
production and transportation. Low energy usage is critical in reducing fossil fuel con-
sumption and emissions. Self-compacting or high-performance concrete, for example, can
streamline building procedures and conserve energy. Meanwhile, low water use can help
save water resources and minimise pollution. These criteria are essential in promoting
sustainable construction and creating environmentally friendly concrete.

2.2.2 How ‘green' is the "green' concrete?

As explained in the previous Subchapter, a concrete mixture could be labelled as green if
multiple criteria are ful lled. Therefore, this Subchapter will analyse the impact of green
concrete on environment, society, and economy, and it will investigate if there is any real
added value to the construction industry.

In most of the cases, the term "green’' makes direct reference to sustainability in terms
of environment. As mentioned in Chapter 2.1, the environment, in some publications, is
seen as the most important factor in the sustainability equation (Kotz et al., 2022). That
is why an Environmental Impact Assessment (EIA) is an important factor in assessing
the impact and in uence of green concrete. EIA is the evaluation of the environmental
consequences of a proposed plan, policy, program, or initiative before a decision is made
to move forward with the action (MacKinnon et al., 2018).

Since green concrete can be labelled as an industrial product, a Life Cycle Analysis
is used to determine the impact on the environment, but since the other two dimensions
of sustainability are also important, a Life Cycle Sustainability Assessment is preferred.

When it comes to green concrete, an initial analysis can examine the extraction of
basic materials, auxiliary materials, and equipment; production, use, and disposal; and
auxiliary equipment (Daniel et al., 2004). However, in some situations, the impacts
on the environment, society, and economy cannot be quanti ed, for example the long-
term e ect on climate change, landscape quality or life quality in or nearby the area of
development, people's perception or satisfaction. With this, the interconnectivity of the
three sustainability factors is proven. The environment can not be treated as a singular
dimension without involving the social aspects, which further develop in economic factors.
In this case, without quanti able factors, approximate reasoning methods, which include
utilisation of information from analogous EIAs, expert opinion, and community sentiment
can be engaged in the decision-making process. This is also known as fuzzy logic, which
is a type of multiple-valued logic in which the truth value of variables can be any real
number between 0 and 1. It is used to manage the notion of partial truth, in which the
truth value can range from completely true to completely false.

Given the large number of variations in terms of green concrete, performing a full
life cycle sustainability assessment is strongly in uenced by the mix design of the chosen
concrete. Dierent materials involved in the concrete mixture means di erent processes
and outcomes for the nal assessment.

Generally, to perform a LCSA on a single variation of green concrete, a detailed
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analysis of the environmental, social and economic factors are involved starting from the
extraction stage of raw materials or waste procurement until the disposal stage.

According to Muralikrishna and Manickam (2017); Daniel et al. (2004), in a simplistic
manner, there are 5 stages a full LCSA follows. The rst stage is extraction of raw
materials such as aggregates, cement in some cases, and water, which are utilised in
the manufacturing of green concrete. The second stage is production of green concrete,
which includes the manufacture of cement or supplementary cementitious materials, the
mixing of aggregates and water, and the addition of any additives required to improve
the material's qualities. The third stage is transportation of raw materials and completed
goods to and from the production site. The speci ¢ e ects of transportation will depend
on where each part of the supply chain is, what kind of transportation is used, and how
far it has to go. Fourth stage is use of green concrete in building projects. Lastly, the
fth stage is disposal of green concrete at the end of its lifetime. A simple representation
of the LCA stages is illustrated in the ow chart diagram 2.2 adapted from Marinkovc
(2013), followed by a list of possible impacts on the environment, society, and economy
for each of the LCSA stages.

Figure 2.2: Simple ow chart diagram for the LCSA stages of concrete; Adapted from
Marinkovt (2013)
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1. Extraction of raw materials such as aggregates, cement, and water, which are
utilised in the manufacturing of green concrete, see Table 2.2.

Impacts E ects

Biodiversity disruption (Watts, 2021).
Env. Land degradation; soil, water and air pollution (OECD, 2014).

Greenhouse gas emissions; great energy consumption (Amato, 2013).

Displacement of local communities.

Harsh working conditions (Britannica, 1999).

Soc. Possible loss of biodiversity and cultural heritage.

Increased risk of human rights violations, corruption and con ict (Mancini and Sala,
2018).

Job creation and economic development for the area of the extraction activity.

Reduced costs of energy and emissions by using alternative cementitious materials
Eco. (Hundertmark et al., 2022; Al-Hamrani et al., 2021).

Increased demand for waste materials such as y ash, slag and recycled concrete (Al-
Hamrani et al., 2021; Meglin et al., 2021).

Table 2.2: Extraction of raw materials for green concrete - Impacts on Sustainability

2. Production of green concrete, which includes the manufacture of cement, the mixing
of aggregates and water, and the addition of any additives required to improve the
material's qualities, see Table 2.3.

Impacts E ects

Air pollution and greenhouse gas emissions from all processes used during
production.

Env. Water pollution from the use of chemicals and waste disposal.

Noise pollution and land use impacts from production facilities.

Health and safety risks for workers involved in the production process.

Soc. Noise pollution and other disruptions to nearby communities.

Access to employment opportunities in the industry (Hundertmark et al., 2022).

Cost of energy and raw materials required for production.

Eco Job creation and economic growth in the industry.

Potential for cost savings through the use of more sustainable production methods
or materials.

Table 2.3: Production of green concrete - Impacts on Sustainability

3. Transportation of raw materials and completed goods to and from the production
site. The specic e ects of transportation will depend on where each part of the
supply chain is, what kind of transportation is used, and how far it has to go, see
Table 2.4.
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Impacts E ects

Emissions of greenhouse gases and air pollutants from the use of fossil fuels in
transportation.
Unintentional spills or leaks during transit that cause water contamination (OECD,

Env.
2014).
Due to the development of transportation infrastructure, there will be changes in land
use and habitat degradation (Asher et al., 2020).
More pollution from tra ¢ and noise in communities near transportation routes (Suhen-
dro, 2014).

Soc Risks to the health and safety of transportation workers, such as accidents or exposure

' to pollutants (Al-Hamrani et al., 2021).

Disruption of local communities and cultures during the building of transportation
infrastructure (Vishwakarma and Uthaman, 2020).
Higher shipping costs because of longer distances or dierent handling needs (Liew
et al., 2017).

Eco. Getting raw materials or selling goods in foreign markets or from foreign suppliers.
Congestion can slow down or stop transportation networks (Al-Hamrani et al., 2021).

Table 2.4: Transportation of green concrete - Impacts on Sustainability

4. Use of green concrete in building projects. Speci ¢ impacts can vary depending on
the speci ¢ context and conditions of the construction project, see Table 2.5.

Impacts E ects

Reduced greenhouse gas emissions as a result of using SCMs such y ash, slag, or silica
fume, as well as less cement (Suhendro, 2014).
Reduction in the use of energy and water as natural resources (Vishwakarma and

Env.
Uthaman, 2020).
Decreased air pollution and better air quality as a result of lower carbon emissions from
the manufacture of concrete.
Safer and healthier working and living environment in the building by using non-toxic
and low emission materials (Al-Hamrani et al., 2021).

Soc Better quality and longer life-spans of the structure when using high-performance concrete,

' resulting in lower maintenance costs (Suhendro, 2014; Zhao et al., 2020).

Better sound insulation and thermal performance, creating a more comfortable living
environment (Zhao et al., 2020).
Lower construction costs as a result of using locally accessible resources and e ective
construction techniques (Liew et al., 2017)).

Eco Reduced handling and transportation expenses as a result of the use of stronger and

’ lighter materials (Liew et al., 2017; Hundertmark et al., 2022).

Lowered energy expenditures during the building's lifespan as a result of increased energy
e ciency (Suhendro, 2014).

Table 2.5: Use of green concrete - Impacts on Sustainability

5. Disposal of green concrete at the end of its useful life, see Table 2.6.
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Impacts E ects

Land lling green concrete can lead to the release of harmful pollutants and greenhouse gases into
the environment, contributing to soil erosion, air and water pollution, and climate change.

Recycling green concrete can reduce land Il waste and preserve natural resources, but it can also
consume signi cant amounts of energy and water, generate waste, and emit pollutants (Vish-

Env. wakarma and Uthaman, 2020).

Reusing green concrete in construction projects can reduce the need for natural resources and
divert waste from land lIs, but it may require additional transportation and processing and may
not always be feasible.

Health and safety: Placing green concrete in land lls can be dangerous for the health and safety
of workers and neighbourhood, especially if the waste contains dangerous materials (Sandanayake
Soc. et al., 2020)

Recycling and reusing green concrete can help create jobs in waste management, construction,
and other related elds (Suhendro, 2014).

Eco. Recycling green concrete can be costly due to transportation, processing, and quality control
expenses. However, it can o set material and disposal costs and generate revenue from recycled
materials. Land lling green concrete may also be expensive, particularly if it contains hazardous
materials that require special handling and disposal. (Algahtani et al., 2021; Fattah et al., 2017).

Table 2.6: Disposal of green concrete - Impacts on Sustainability

Considering the aforementioned stages a full LCSA entails, each stage in uences the
environment, society, and economy di erently depending on the type of green concrete
and the given context where and how that speci ¢ concrete mixture is used.

Green concrete is considered to be a more sustainable and overall better solution com-
pared to traditional concrete. While it may not solve all the problems in the concrete
industry, it does have the potential to reduce waste, be more energy-e cient, and reduce
carbon footprint. It also has the ability to create jobs at all stages of the life cycle assess-
ment. However, the use of green concrete is still low in practice due to the conservative
attitude of the industry. The challenges include the use of potentially dangerous addi-
tives, supply chain disruptions, and technology-related issues. In addition, green concrete
needs to be integrated with other sustainable practices, such as energy-e cient building
design and renewable sources of energy. One-size does not t all, and the potential of
green concrete to promote sustainability needs to be evaluated on speci ¢ scenarios. This
is why innovation is required to successfully implement green concrete in the industry.
Through research and development, new technologies and strategies can be created to
address the challenges and limitations of using green concrete, ultimately leading to a
more sustainable and eco-friendly construction industry.

2.3 Innovation towards Practical Application

Innovation can be de ned as an introduction of novel concepts, procedures, or technolo-
gies. It is the process of creating something new or enhancing old concepts, goods, or
procedures. Innovation is essential for a number of reasons, including fostering economic
growth, enhancing the quality of life, and resolving societal issues. ldentifying the prob-
lem that an innovation is intended to answer and testing it in real-world settings are the
keys to making it applicable. This aids in identifying potential challenges and re ning the
innovation for optimal use. A good innovation should also be user-friendly, dependable,
and inexpensive. With these characteristics, innovations can be transformed into useful
applications that improve the lives of people.
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2.3.1 Innovations in Construction

Construction is an essential industry that contributes to the creation of the built environ-
ment. As people's wants and requirements evolve, the building industry must adapt to
meet these new di culties. Therefore, innovation is necessary for the sustained prosper-
ity of the building business. By creating innovative processes and materials, construction
rms may remain ahead of the curve and provide clients with projects that match their
ever-changing demands. Those who fail to innovate in a market that is intensely compet-
itive will swiftly fall behind. For this reason, construction businesses must always seek
methods to enhance their operations. Those who can accept change and innovate will
prosper in this constantly evolving industry (Paredes, 2022).

According to a survey by McKinsey and Company (Agarwal et al., 2022), the con-
struction sector adopts innovations more slowly than other industries. In actuality, less
than one percent of construction businesses' income is invested in technological research
and development. This investment is much lower compared to the 3.5% and 4.5% invested
on innovation by the automobile and aerospace industries, respectively. There could be
many reasons why such little attention is given to innovation in the construction context,
but according to Reichstein et al. (2005) \the liabilities of immobility and unanticipated
demand" is what separates the innovative appetite of the construction sector from other
industries.

There are several ways to classify types of innovation, but common categories in-
clude (Milkowski, 2022; Henderson and Clark, 1990; Shavinina, 2003) Product Innova-
tion, which refers to the introduction of new or improved products or services; Process
Innovation, which refers to the introduction of new or improved methods of production or
delivery; Business Model Innovation, which refers to the introduction of new or improved
ways of creating, delivering, and capturing value; Organisational Innovation, which refers
to the introduction of new or improved organisational structures, processes, or manage-
ment practises; Strategic Innovation, which refers to the introduction of new or improved
ways of creating and sustaining competitive advantage; Societal Innovation, which refers
to innovations that address social and environmental challenges and contribute to the
well-being of society; Disruptive Innovation are innovations that disrupt existing market
or industry structures, creating new markets and value networks; Incremental Innova-
tion, which refers to small, step-by-step improvements to existing products, processes, or
business models; and nally, Radical Innovation, which refers to a major breakthrough
that creates a new category or fundamentally changes the way things are done.

Analysing the given above types of innovations, green concrete could be found more
or less in any of the above categories. The industry of concrete is a signi cant pillar in
the current times and any innovative idea can add value to the build environment.

Even though the slow movement towards better practices is well known in the con-
struction sector, innovation happened, making concrete greener. Some of the most pop-
ular innovations and trends of green concrete re ect upon alternative binders, recycled
aggregates (Sivakrishna et al., 2020), self-healing concrete (Amato, 2013), prefabrication
and modular construction, carbon-capture technologies and digitalisation.

Alternative Binders: Portland cement is one of the major carbon pollutants in the
production of concrete. In an ideal case, a full replacement of the Portland cement is
desired to make the concrete more environmentally friendly. For this purpose, alternative
binders are developed, like for example geopolymer cement (Weil et al., 2009) which is
made out of industrial waste or calcium sulfoaluminate cement (Juenger et al., 2011),
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from a mix of limestone, gypsum, and clay. Looking further at the geopolymer concrete
on how it can add value to the sustainability goals and ambitions, it has reduced carbon
emissions for production as the manufacturing temperature is way lower than in the case
of Portland cement (Crawford, 2022). In addition, the geopolymer relies on waste for the
nal mixture, therefore it diverts waste from land lls while reducing the need for virgin
resources (Hayes, 2023).

Recycled Aggregates: Crushed concrete is one of the most popular forms of re-
cycled aggregate. It can be used as a natural aggregate substituent in the concrete
production process, in this way reducing the need for natural aggregates, eliminating the
negative e ects of mining and extraction and also minimising the amount of waste that
ends up in the land Il (Bamigboye et al., 2022).

Self-healing Concrete: The self-healing concrete is a type of concrete that has in its
integrity micro-capsules that release healing agents when fractures appear. Over time,
self-healing concrete can lower maintenance and repair costs because it can patch up
minor cracks before they get bigger and become more expensive to x. As a result, there
is less waste because there is less need for resource-intensive repairs and replacements
(Dong et al., 2013; Jonkers, 2007).

Prefabrication: It is a method of producing constructive elements in a controlled
environment, followed by transportation and assembly on-site. The advantages of this
method are represented by the decrease of waste, better quality, greater productivity and
also a reduced construction time. On top of that, the CO2 emissions can be reduced by
using energy-e cient manufacturing processes (Chauhan et al., 2019).

Modular Construction: This method involves the previously mentioned method,
prefabrication. Units or modules are puzzled together on the spot at the construction
site, resulting in a full structure. In this manner, as in the case of prefabrication, a
reduction of time, waste, and energy e ciency can be reached (Subramanya et al., 2020).

Carbon-capture Technology: As the name speaks for itself, this technology can
capture the CO2 emissions resulting from di erent industrial processes and store them
underground or even make use of them in other applications. In regard to the cement
industry, which is highly CO2 emitting, this could prove valuable by capturing those
emissions and lowering the impact of the concrete industry on the environment (Pal
et al., 2023).

Digitalisation: Building Information Modelling or, also called, BIM is a digital
technology that has caught the eye of the industry in recent years. By creating digital
models or twins of buildings or any structure, it allows any stakeholder involved in the
construction project to optimise the construction process and even identify issues in an
early stage of a project. This technology is essential in reducing waste and increasing
overall the performance of the building (Al-Ashmori et al., 2020). A good example of a
successful integration of technology in practice is the 3D printing method. By creating
elements with high precision and great e ciency in terms of materials, the waste produced
after the construction process is considerably diminished (ArchDaily, 2022). Next to that,
as of latest, 3D printing can also be performed on-site resulting in less emissions from
transportation and greater e ciency in terms of building processes.

An overview of possible bene ts and emerging drawbacks for the aforementioned inno-
vations in constructions are illustrated in Figure 2.3. The image is based on information
coming from multiple sources as follows: alternative binders - Juenger et al. (2011); Ser-
dar et al. (2019); recycled aggregates - Wang et al. (2021); Kenai (2018); self-healing
concrete - Mahajan (2023); Patil (2021); prefabricated and modular construction - Con-
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structor (2023); BuilderSpace (2022); carbon-capture technology - Rhode (2021); Davis
(2019); digitalisation - Rangaiah (2021). It is important to assess the drawbacks of an
innovation before proceeding with it, and not only focus on the benets, as the risks
can be considerably high. Knowing the downsides and balancing them with the bene ts
would result in the end in a more sustainable decision that would have the least e ect on
the environment and satisfy the society's needs in an economically responsible approach.

Figure 2.3: Bene ts and Drawbacks on Innovations in Constructions; Source: Author
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2.3.2 Challenges and Limitations to Innovation

Challenges and limitations for innovations refer to obstacles and di culties that impede
the e ective application of new technology, products, or processes in an industry. In
the articles of Gower (2022); Kirsner (2018); Tanner (2020) ten most common barriers
to innovation can be identi ed including fear, lack of leadership, short term thinking,
lack of capacity or resources, lack of collaboration, lack of focus, limited time, confusing
process, lack of urgency and too many non materialised ideas. These obstacles might
be classi ed as technological hurdles, economic barriers, social barriers, and institutional
barriers, among others.

Technical obstacles are inherent limitations of technology, such as its dependability,
longevity, or performance. Economic obstacles are expenses associated with the imple-
mentation of an invention, such as the costs of research and development, production,
and adoption. Social obstacles are the attitudes and opinions of individuals and organisa-
tions about innovation, such as a lack of knowledge or comprehension of the technology.
Institutional obstacles are the rules, policies, and processes that govern the application
of the invention, such as the absence of standards or certi cates (Liew et al., 2017).

In the construction business, for instance, the deployment of green concrete as an in-
novation may encounter technical obstacles, such as the need for more research to increase
its compressive strength and durability. The broad deployment of green concrete may also
be hindered by economic hurdles such as increased production and adoption costs. A lack
of awareness and comprehension of the advantages of green concrete among construction
professionals may constitute a social barrier. In addition, institutional obstacles, such as
the absence of standards and rules for the use of green concrete in construction projects,
may impede its adoption. Table 2.7 contains a list of current challenges and limitations
to the implementation of green concrete, with a di erentiation in terms of their nature.

Consequently, it is crucial to identify and understand the barriers and constraints
of innovations in order to overcome them and support the e ective deployment of new
technologies, products, or processes.
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Nature of Challenges Challenges

Lack of testing and standards

Lack of knowledge and skills

Technical challenges (Grin et al.,, 2010; Agarwal and Lack of technical speci cations
Garg, 2018)

Uncertainty about durability, performance and
compatibility

Quality control and quality assurance

Limited availability and scalability

Higher initial costs

Economic challenges (Grin et al., 2010; Lee, 2021) Lack of incentives, subsidies or tax credits

Low market demand

Quanti cation of environmental bene ts and life
cycle cost

Stakeholder engagement

Awareness

Knowledge

Social and cultural challenges (Grin et al., 2010; Suhen- Acceptance
dro, 2014) Fragmented supply chain

Conservative attitude towards change

Lack of education and training

Wrong perception

Building codes and regulations

Regulatory challenges (HOUSE, 2018; Union, 2016) — -
Building permits

Table 2.7: Challenges to Innovation

Each of the enlisted challenges in uence the implementation of green concrete in
current practices. The development and application of green concrete could be slowed
down by technical obstacles such as lack of knowledge and experience. For instance,
certain businesses can lack the skills and experience required to create and test substitute
binders, which can impede the broad use of green concrete.

Economic obstacles, like high upfront prices and a lack of nancing choices, can sig-
ni cantly a ect the implementation process. Even though green concrete has long-term
economic advantages, businesses could be hesitant to invest in it because of the higher
initial expenditures.

The adoption of green concrete can also be hampered by social and cultural imped-
iments, such as a lack of knowledge and education and an aversion to change. Because
green concrete di ers from conventional construction methods or because they are unfa-
miliar with it, certain stakeholders may be reluctant to make the switch.

Patents and licence agreements are two examples of legal restrictions that may impede
the creation and spread of green concrete. Companies' capacity to create and invent
sustainable alternatives may be hampered if they lack access to the requisite patents or
licensing agreements.

Furthermore, the public's ignorance of the advantages of green concrete may also have
an e ect. Without a clear awareness of the advantages of green concrete, there might
not be a signi cant public demand for environmentally friendly substitutes, which could
delay the development and application of green concrete in the building sector.
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2.3.3 Overcoming the Challenges & Limitations of Implement-

ing Green Concrete

Finding a suitable solution for each challenge that green concrete is facing is a complex
task as it involves many variables and implications. Overcoming these limitations require
an in-depth understanding of the issues by combining quantitative measurements and
gualitative interpretations. Each variation of green concrete may or may not have the
same challenges, therefore the problems need to be approached contextually with precise-
given project information.

To overcome the challenges listed in the previous Subchapter, see Table 2.7, numerous
solutions are identi ed in the literature.

A

Collaborate (working with others for common goals) and create a knowledge-sharing
attitude: Promoting the usage of green concrete can be accomplished through stake-
holder cooperation (working with others to achieve own goals) and knowledge ex-
change within the construction sector. Collaboration among academics, architects,
engineers, contractors, and suppliers is one example of this, as well as knowledge ex-
change through seminars, workshops, and training courses (Castaneda and Ciellar,
2020).

Incentivise and create or update regulations: Governments have the power to enact

laws and incentives to promote the usage of green concrete. These can include
tax breaks, nancial assistance, and laws that demand the use of green concrete in

public construction projects (Mazzarol, 2020).

Educate in order to raise awareness: Campaigns for education and public awareness-
building can support the promotion of the advantages of green concrete and boost
consumer demand for it. These can involve media campaigns, community outreach
activities, and instructional programs for students (Serdyukov, 2017).

Invest in research and development: The performance and economics of green con-
crete can be enhanced with more research and development. This can involve
looking into new products, processes, and technology that can lessen the negative
e ects of construction on the environment (Sivakrishna et al., 2020).

Promote multi-industry collaboration: The promotion of the usage of green concrete
may be aided by cooperation between the building industry and other sectors of
the economy. For instance, working with the waste management sector to promote
the use of recycled aggregates in concrete is a good idea (Heincke et al., 2023).

Perform more elaborate life cycle sustainability assessments: An evaluation of the
life cycle of green concrete can help pinpoint areas for development and show how
utilising green concrete is advantageous from both an economic and environmental
standpoint (Van Den Heede and De Belie, 2012).

Focus more on public-private partnerships: By combining the resources and skills
of the public and commercial sectors, public-private partnerships may support the
use of green concrete. Partnerships in the building industry between private busi-
nesses as well as those between governments are examples of this (Carbonara and
Pellegrino, 2020).
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There is no de nite solution or strategy that can o er one hundred per cent guarantee
of success as each of the aforementioned suggestions come with certain advantages and
limitations highly dependent on local context, availability of resources, market trends,
sustainability goals and so on. It may also be e ective to focus on specic areas or
regions where the need and demand for sustainable construction materials are high, and
where policies and regulations are supportive of their implementation (Guest, 2021).

In the end, it is likely that a mix of varied approaches that are suited to particular
settings and demands will be most successful in overcoming the di culties and restrictions
of implementing green concrete. Even focusing on the Portland cement reduction for the
time being is a great change, and it counts as valuable for the sustainable development
of the built environment (Belton, 2021).

2.4 Strategy-making: Integrating Innovations

According to Seaden et al. (2003), the process of identifying and prioritising goals, creat-
ing and implementing strategies, and allocating resources in a coordinated and integrated
manner to achieve those goals is known as strategy-making in the construction industry.
It entails examining the existing situation, evaluating the internal and external elements
that have an impact on the organisation, and developing a success plan.

2.4.1 The Importance of Strategy-making in Constructions

Strategy is highly relevant for a company, as it is determining the direction and the
overall goals of a business entity or project (Cote, 2020). It helps to focus e ciently
the e orts and resources on the most relevant activities, align the team members with
the other stakeholders involved on a common mission (Charlott, 2022), be exible in a
volatile market based on market needs, gain advantages in terms of competitivity and
improve performance, e ciency, and pro tability (Carey, 2023). On top of that, Charlott
(2022) states that strategy formulation in the construction business can also aid in the
identi cation and incorporation of innovations that can improve value proposition and
sustainability.

As highlighted in Subchapter 2.3.2, by fostering change and generating new prospects
for expansion, productivity, and sustainability, innovation plays a signi cant part in re-
shaping the construction sector. The way construction projects are planned, carried out,
and maintained has the potential to change as a result of advances in materials, technolo-
gies, and procedures, which would enhance quality, safety, and productivity (Abusalah
and Tait, 2018). Innovation can also assist in addressing some of the major issues that the
construction industry is currently dealing with, including lowering waste and emissions,
raising energy e ciency, and enhancing the resilience of infrastructure and buildings to
both natural and man-made threats. The construction sector can maintain its com-
petitiveness and adapt to the changing needs of society and the environment by using
innovative methods and solutions (Tangkar and Arditi, 2004).

When it comes to the integration of green concrete in the construction industry, as
explained in Chapter 2.3, the process presents a great di culty with numerous challenges
and limitations. The lack of awareness and understanding among the construction spe-
cialists, higher initial costs, regional supply chain issues, technical uncertainty and the
conservative attitude increase the complexity of adoption resulting in uncertain timelines
and no practical results.
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On the other hand, there is also an opportunistic frame that can be identi ed for the
implementation of green concrete solutions. As the humanity is pressured by the e ects of
climate change and limited raw resources, there is an increasing demand for more sustain-
able materials, governments are becoming more open to incentivise the use of sustainable
solutions (Hundertmark et al., 2022), the multitude of green concrete variations become
more popular making them more cost-e cient and largely available (Software, 2020) and
also the public perception of the companies that \go green" is often seen positively with
great reputation (Hundertmark et al., 2022).

2.4.2 Strategy-development: In uencing Factors

To develop strategies for the integration of green concrete in real-life applications, there
are several factors that need to be considered, balancing the existing challenges and
the possible opportunities. According to the papers of Suhendro (2014); Sivakrishna
et al. (2020); Liew et al. (2017) the market demand, technological readiness, economic
feasibility, environmental impact, regulatory compliance and overall collaboration are
some of the main factors that need to be included in the decision-making process.

Prior to establishing strategies, the amount of demand for environmentally friendly
building materials, such as green concrete, should be evaluated. Itis important to consider
both existing and future demand when assessing the market need for green concrete. It is
also important to take into account how ready the building sector is to implement green
concrete developments, known as TRL or Technological Readiness Level. Therefore, an
evaluation of variables including the accessibility of resources, tools, and skilled labour is
required.

The economic viability is also relevant it this context. It is important to compare
the price of green concrete to that of conventional building materials for manufacture,
installation, and maintenance. Additionally, green concrete developments should be eval-
uated in terms of their environmental impact. Carbon emissions, energy consumption,
and waste reduction should all be considered.

As for regulatory compliance, green concrete technologies should be examined in terms
of regulatory compliance criteria. All legal or regulatory obligations should be identi ed
and included into strategy formulation.

To simplify this initial process, a SWOT analysis can be conducted to observe the
Strengths, Weaknesses, Opportunities, and Threats that come along with the innovative
idea. This method can be used to assess the strategic position of a variety of organisations
and is intended for use in the early phases of decision-making processes (Caves, 2004). It
aims to pinpoint the internal and external elements that are advantageous and detrimental
to attaining the goals of the project or enterprise. In order to make a SWOT analysis
helpful and discover their competitive advantage, users frequently ask and respond to
guestions to provide meaningful information for each area (Garel and Tat, 2017).

In the end, cooperation and collaboration among stakeholders such as architects,
engineers, contractors, suppliers, and policymakers is essential for the successful imple-
mentation of green concrete developments. Mechanisms for fostering cooperation and
collaboration among stakeholders should be included in the strategies.
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2.4.3 Integration of Innovations

Ozorhon et al. (2014) states that the integration of an innovation, regardless of the
types of innovation that might be, is a process. This process entails binding together
new ideologies and technologies in order to create something completely new or improve
something that already exists. All the challenges presented in Chapter 2.3 together with
the in uencing factors in terms of decision-making, explained in Subchapter 2.4.2, are
part of this process.

In the book Relentless Growthby Meyer (1998), the path of an innovation towards
practical application is described by two simple models, the Traditional Linear Model,
and The Flexible Innovation Model, see Figure 2.4 and Figure 2.5. The Traditional Linear
Model assumes that an innovative idea to reach maturity follows a de ned sequence of
steps, but if analysed in depth, the e ciency of this approach is low due to lack of feedback
loops, inconsistencies, and poor room for adjustments (Chirumalla, 2017). The Flexible
Innovation Model enables overlapping delivery phases and allows for exibility in design to
incorporate new technology, which is handy in the case of green concrete due to the large
number of mixtures possibilities. While it works well in a dynamic business environment,
it lacks guidance on controlling changes, and there is no prede ned systematic approach
(Xichen et al., 2021).

Figure 2.4: Traditional Linear Model; Adapted from Meyer (1998)
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Figure 2.5: Flexible Model; Adapted from Meyer (1998)

The integration of innovations in the construction industry is highly dependent on
the speci c aspects of the product, project, and process (Duodu and Rowlinson, 2021,
Abusalah and Tait, 2018). The current literature o ers a wide range of approaches and
steps for implementing innovation and identifying relevant variables. Lawlor (2019) sug-
gests involving executive leadership, promoting cross-disciplinary collaboration, develop-
ing detailed innovation process plans, and prioritising end-users. Molloy (2019) outlines
ve key steps for implementing innovation: discovery, ideation, prototyping, testing, and
launching. Livescault (2022) describes a seven-step process, including creating a strategic
direction, nding inspiration, ideation, developing a proof of concept, piloting, rolling out
and producing, and nally, using measurement tools and gathering feedback.

Implementing green concrete solutions follows a unique pattern, as nancial concerns,
lack of knowledge and awareness, and conservative attitudes can impede the process, as
discussed in Subchapter 2.3.2. By focusing on education, collaboration, incentives, and
research, these issues can be addressed, and leveraging technology to support innovation
integration may be essential.

Technology plays a critical role in incorporating innovation in construction, assisting
with the creation, implementation, and management of new technologies and processes
(Ahmad et al., 1995). For example, BIM technology can be used to visualise and analyse
construction projects, fostering more e ective collaboration among stakeholders. Addi-
tionally, digital technologies like sensors and automation can enhance the e ciency and
quality of construction processes while reducing waste and costs (Ellis, 2022). Technology
can also facilitate the adoption of innovative materials such as green concrete by provid-
ing tools for performance testing and monitoring and optimising design and production.

In summary, technology can signi cantly support innovation integration in construction
by enabling new ways of working, increasing productivity, and promoting sustainability
(Galindo, 2021).

In conclusion, implementing green concrete technologies or other innovations in the

construction industry requires a comprehensive strategy that considers scalability, adapt-
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ability, and cost-e ectiveness. The development of novel materials and technologies, such
as carbon capture and utilisation, self-healing concrete, and 3D printing, as discussed
in Subchapter 2.3.1, will be future avenues for innovation integration in the industry.
By prioritising innovation integration, the construction industry can make substantial
progress toward a more sustainable future.
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Chapter 3

Research Design

3.1 Research Scope

The research scope of this graduation project is centred around the implementation of
green concrete in construction projects to promote and reach sustainability, taking into
consideration the challenges that interfere with the adoption of innovations. The research
guestions are linked to the de nition and signi cance of green concrete, the most common
barriers and challenges faced by construction professionals, the key factors that in uence
the decision to adopt green concrete solutions, and the best practices and strategies for
integrating green concrete solutions into construction projects. The research incorporates
a literature review, an online survey, and semi-structured interviews with specialists from
the construction industry to gain a comprehensive understanding of the status of green
concrete in the sector and to identify potential solutions and strategies for promoting its
adoption.

3.2 Methodology

As previously mentioned, this graduation project is conducted in partnership, and with
the support of the company Witteveen+Bos. Throughout this research, they provided
professional guidance, real-life experience insights, and access to valuable information to
successfully deliver the graduation project. Witteveen+Bos is a well-established Dutch
engineering and consulting rm that provides services for water, infrastructure, spatial de-
velopment, the environment, and construction on a national and international scale. With
over 1400 employees, the company focuses primarily on complex projects requiring su-
perior expertise and an integrated approach. Short communication channels with clients
are crucial to their work. They maintain international o ces in Belgium, Indonesia,
Kazakhstan, Latvia, Russia, Singapore, and Vietnam in addition to their headquarters
in the Netherlands.

To give an answer to the main research question, this graduation project relies on
a mixed methodology, incorporating both quantitative and qualitative data. Given the
complexity of the researched topic, these two methods combined come with the advantage
of providing a complete, detailed picture of the studied issue (Cotten et al., 1999). Trian-
gulating the data obtained via the quantitative sources with the qualitative interpretation
allows a greater variety of perspectives to tackle the addressed problem of implementing
green concrete solutions in construction projects.
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As the main research question is backed up by the four sub-research questions, to
simplify the research process, a division is created in terms of data sources, sub-research
guestions and analysis as depicted in Figure 3.1. The literature review and survey are
employed to address sub-research questions 1 and 2 to create a robust understanding
of green concrete in the construction industry. The literature review establishes a solid
knowledge base and uncovers gaps, while the survey provides real-world insights from
construction professionals. This combination o ers a comprehensive, practical under-
standing of the de nition, signi cance, and challenges associated with green concrete,
ensuring the research ndings are well-grounded and informed by practical experience.
Using literature review and semi-structured interviews for the sub-research questions 3
and 4 is ideal because they combine theoretical and practical perspectives on green con-
crete adoption and integration. Literature review delves into existing research to reveal
in uencing factors and strategies, while interviews with industry professionals uncover
real-world experiences and lessons. This balanced approach ensures comprehensive un-
derstanding, guiding e ective green concrete implementation in construction projects.

Figure 3.1. Research Strategy; Source: Author

3.2.1 Literature Review

The literature review is a crucial component of the methodology used in this study, since
it provides a thorough overview of the research problem and establishes the framework
for the research questions. The literature study will identify and analyse any previous
research on green concrete and its potential to improve sustainability in the building
sector. This calls for a thorough search of scholarly databases, specialised journals, and
other relevant sources, with a focus on current and reliable articles.

The literature review chapter is organised in line with the research topics and o er an
overview of the key ideas, philosophies, and practises around the use of green concrete
solutions in construction projects. This will include an extensive explanation of the con-
cept itself, an overview of the environmental, social and economic impacts throughout its
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life-cycle, strengths and weaknesses of various innovations and technologies in promot-
ing sustainability and also possible challenges and limitations that can impede the wide
spread of green concrete.

The literature review also highlights the importance of green concrete for the con-
struction sector, and it explores the procedure for integrating innovation and the part
that technology plays in promoting the use of green concrete in building.

Overall, the chapter on the literature review lays the groundwork for future study and
practical uses of green concrete in the building sector.

3.2.2 Online Survey

Based on the research strategy, see Figure 3.1, the survey, together with the literature
review, re ects upon the rst two sub-research questions. These two questions, aim to
collect information on what green concrete is also what are the challenges the construction
professionals are facing when trying to implement new concrete solutions.

The rst sub-research question, \What is the de nition and signi cance of green con-
crete in the construction industry, considering its potential to promote sustainability?"
seeks to explore the understanding, familiarity and overall general feeling about green
concrete. Whereas, the second sub-research question, \What are the most common bar-
riers and challenges faced by construction professionals when implementing green concrete
solutions in their projects, and how can these be addressed e ectively?" concentrates on
identifying the obstacles faced by individuals in real-world applications.

The target population for this survey is represented by the employees of Witteveen+Bos.
The consultants, in this scenario, act construction professionals with relevant knowledge
on the actual status of the industry. In many cases, consultants are enablers of imple-
menting innovations in the sector, therefore their views and opinions are highly relevant
(McKinsey, 2018). In terms of sample size, the survey was sent out to a number of 320
individuals within the company's network in a time frame of about 2 weeks. The question-
naire was intentionally sent to a total number of 11 groups known as PMCs, therefore the
respondents have di erent elds of expertise. Despite the di erence in terms of expertise,
the PMCs were selected, considering \concrete" as a common factor in interdisciplinary
projects. A detailed explanation of the samples size is given in Table 4.1.

To collect the data for the survey, Microsoft Forms was used. This online tool safely
stored the data on the company's server and assured that only employees connected to
the private network had access to the survey. The identity of the participants was kept
under anonymity, except for the individuals that agreed to further discuss in an interview
the subject of this research project. In the description of the survey, the participants were
informed that the data is con dential, it will be used strictly for research purposes and
only the corresponding researcher has access to the database.

The questionnaire consisted of 17 questions, in English language, specially created
to observe multiple factors regarding the concept of green concrete. A list of question
with additional explanations are given in the following paragraph. A detailed view of the
survey can be seen in Appendix A.
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Online Survey List of Questions

1. What is your PMC? (PMC is an internal organisational structure of the company which describes
a larger group containing multiple subgroups) - Open eld - Observing the eld of expertise.

2. On a scale from 0 to 10, how familiar are you with the concept of Green Concrete? - 0 to 10
scale - Familiarity with the concept of GC.

3. How would you de ne Green Concrete with only 3 keywords - Open eld - Understanding of the
concert of Green Concrete.

4. Do you think that GC is important for the construction industry? - Yes, No, Maybe single choice
- Personal professional re ection upon importance.

5. How important would you say that Green Concrete is? - 0 to 10 scale - Degree of importance.

6. How open would you say that the construction industry is in regard to new materials? - 0 to 10
scale - Perception upon importance.

7. Do you consider that the industry is willing to adopt GC solutions? - 0 to 10 scale - Adoption
willingness of the industry.

8. Would you consider that Green Concrete is promoted su ciently in current practices? - 0 to 10
scale - Promotion levels in the market.

9. Did you have any opportunity to work with GC or other innovative materials? - Yes, No single
choice - checking on prior experiences

10. Would you like to work on a project that involves Green Concrete or other innovative material?
(If the answer was No at Q9) - Yes, No, Maybe single choice - Checking on interest and willing
ness.

11. With what type of Green Concrete or other innovative material did you work - Open eld - To
map out solutions.

~NJ

12. What were the main challenges when working with Green Concrete or other innovative material
- Open eld - To map out challenges.

13. How would you prioritise the 3 given aspects of sustainability when it comes to Green Concrete?
(top being the most important and bottom the least important) - Priority between Environment,
Society, Economy - Observing consideration in decision-making.

14. From literature, 10 most common barriers to innovation were listed to assess impact. - 1 to b
scale - Observing impact.

15. How likely are you to recommend Green Concrete as a reliable construction solution? - 0 to 10
scale - Future prospects

16. What is your main concern regarding Green Concrete? - Open eld - Observing concerns.

17. Would you be willing to possibly discuss this topic further in an interview? - Yes, No single
choice - Possible candidates for interviews.

As depicted in Figure 3.2, the 0 to 10 scale was given to cover a larger variety of
responses. It allows participants to rate their response on a scale of O to 10, where O
represents the lowest level of agreement or satisfaction and 10 represents the highest
level.

A good way to interpret the 0 to 10 scale is to consider the midpoint, which is 5.
Ratings above 5 indicate a positive response, while ratings below 5 indicate a negative
response. A rating of 10 indicates strong agreement or satisfaction, while a rating of 0
indicates strong disagreement or dissatisfaction (Toor, 2022). Additionally, the distribu-
tion of responses across the scale can provide insights into the range and variability of
responses.
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Figure 3.2: Zero to ten scale interpretation; Source: Author

The 1 to 5 scale was used in a single in-
stance to describe the impact on the imple-
mentation of green concrete of the 10 most
common barriers to innovation. This scale
is a Likert scale which commonly is used
in social sciences, like for example mea-
surements in terms of opinions or attitudes
(Likert, 1932). lllustration 3.3 explains the
meaning of each score from 1 to 5.

All the data collected was exported in
an Excel le and veried for incomplete
or suspicious answers. After the cleaningrigyre 3.3: Likert scale explanation; Source:
process, the data was statistically analysedathor
with the help of SPSS software. This tool
was designed by IBM company and the
main purpose of it is to help with advanced statistical analysis of di erent type of data.

A descriptive statistical analysis was performed in SPSS in order to describe the
sample in detail, followed by a factor analysis and a relative importance index. The factor
analysis was chosen due to the large number of variables resulted from the survey, thus
a reduction of the number of variables that describe most of the variance was necessary.
The relative Importance Index (RIl) was used to describe what is the main challenge
the employees of the company believe it is when it comes to the implementation of green
concrete. The results of these analyses are explained in detail in the Chapter 4.

As disclaimer, there are potential limitations with respect to the generalisability of
the results. As the survey was conducted only at the company's internal level, therefore
some bias could be the case as the data sample might not represent the entire population
accurately, lack of honesty when lling in the survey due to socially desirable responses,
misunderstanding or external factors, as the real status of the industry. The possible
limitations are considered in the interpretation of the results and for the development of
possible recommendations.

3.2.3 Semi-structured Interviews

To tackle the subjectivity of this research and to gather qualitative data, semi-structured
interviews were used as an additional research method for this graduation project. This
method describes a type of interview in which the questions asked are not in a specic
order, but belong to a predetermined theme. The core idea of this qualitative research
method is to engage the participant and corresponding researcher into dialogue, by in-
troducing follow-up questions, comments and additional discussions (George, 2022).

As depicted in Figure 3.1, the semi-structured interviews in combination with the
literature review approach the third and fourth sub-research questions.
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\What are the key factors that in uence the decision to adopt green concrete solutions
in construction projects, and how can these be leveraged to promote the widespread
implementation of these solutions?". This issue is crucial because knowing what in uences
the use of green concrete can help pinpoint adoption obstacles and create solutions for
them. In-depth knowledge is obtained from subject-matter authorities through semi-
structured interviews, enabling a thorough investigation of the decision-making process.

\What are the best practices and strategies for integrating green concrete solutions
into the design and construction process, ensuring that they are seamlessly integrated
into the project and meet the required performance standards?". This question makes
a direct call onto the current process of implementing green concrete in construction
projects. It relies on exempli cation, and it refers to distinct stages of a project, design,
and construction which gives the interview participant the freedom to elaborate. The
guestion also includes a quality assurance indicator to help explore even further the issue
at hand.

As mentioned before, the semi-structured interviews allow exibility in terms of ques-
tioning and free speech. Nonetheless, a list of questions was drafted prior to the interview
sessions in order to guide both the participant and corresponding researcher. The list
consists of 10 main questions with additional sub-questions, and formulated as follows:
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Semi-structured Interviews List of Questions
1. What is your profession?
(a) Where do you work?
(b) What is your job title?
(c) How many years of experience do you have?

NJ

2. How do you see sustainability in construction, and what do you think can be done to achieve it
3. How would you describe innovation in the construction sector, generally speaking?

4. Who do you think that has the most power to implement innovations from all the possible
stakeholders involved in the construction industry?

(a) If you would be in that power position, what would be one thing that you would do to
help innovations become practical applications?

5. How would you describe Green Concrete with your own words?
6. What are your thoughts on the state of green concrete in the industry as of today?
7. Is Green Concrete of any importance to the current construction market?
(&) Why?
8. Do you believe green concrete should always be used in new buildings, or are there occasions
where it is not an appropriate choice?
9. What are some challenges that can occur by using green concrete in construction?
(a) Examples?
(b) How did you experience the challenges in your project/organisation?
(c) Any similar instances?

(d) Some other challenges?

10. What are some of the most innovative and exciting materials you have worked with in you
career?

(@) What kind of material?

(b) What kind of project?

(c) What did you like about that new material?

(d) What did you not like about that new material?
(e) What were the challenges you faced?

(f) How were those issues solved?

(g) Where do you think those issues came from?

The questions were created in such manner to cover an extensive area of interest
related to the topic of GC and real-life experience with GC. The next paragraphs explain
the reasoning for each question or set of questions.

The rst set of questions  gathers information about the interviewee in terms of
profession and experience. Having this information provides further context onto the
following questions.

Second question explores the perception of individuals about sustainability in the
construction sector, and it is also aimed to collect possible solutions on how to achieve
it.

The third question introduces the interviewee into the main idea of this research,
innovation. In this case, GC is the innovation, but a more generalised manner is selected
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initially to check how it is exactly perceived by each individual.

Question number four is intended to investigate the stakeholder relationships and
power dynamics in the building sector. This can aid in understanding the interviewee's
viewpoint on who has the greatest in uence on putting innovations into practise and their
concepts for doing so.

The fth, sixth, seventh, eight, and ninth questions narrows down the topic
and is speci cally referred to the main subject of this research, GC. These questions are
intended to nd out the current status of GC in the current market, its importance, its
use for practical applications and general challenges that can occur while using this new
material.

The last question explores the individuals experience with any innovative solutions
in order to identify possible solutions that can help with the implementation process of
GC.

For this graduation project, a total number of 19 interviews were conducted with
specialists within the construction sector. The interview sessions were led in a hybrid
manner (online sessions and in-person meetings) in order to increase e ciency and shorten
then time allocated for this stage of the research project. A time frame of 60 minutes
was allocated for each session, but as seen in Table 3.1 there is a variable duration
depending on multiple factors, as type of meeting, online calls lasted less than in-person
meetings, expertise of the participants, and also years of experience; younger participants
has shorter answers, but they were more open to the idea of GC. The names of the
participants are undisclosed due to privacy matters, and the data resulted from the
interviews is processed in such manner that it is non-identi able and non-traceable.

Table 3.1 gives an overview on the number of interviews, types of stakeholders in-
volved, their expertise, interview setting and also duration. In total 19 interviews were
conducted with various specialists across the construction industry, out of which 14 indi-
viduals work for Witteveen+Bos and 5 belong to di erent organisations relevant to the
Dutch construction market. The semi-structured interviews allowed an open and exible
approach to collect data for the given purpose of this graduation project, and the variety
in terms of expertise helped draw a realistic status of the industry as of the time being.

In total 807 minutes worth of recording resulted from the 19 interviews, which can
be translated in 13 hours. The average number of pages transcribed per individual sits
around 14 pages, which gave about 266 pages of data in text format to be reviewed,
processed and analysed in a qualitative manner.
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ID | Participant code Expertise Interview Duration
set-up (min)

1 WB_1 Circular and bio-based solutions IRL 45
2 WB_2 Circular and bio-based solutions IRL 55
3 WB_3 Replacement/renovation of art works | IRL 35
4 WB _4 Digital construction VM 27
5 WB _5 Circular and bio-based solutions IRL 55
6 WB _6 Life cycle management IRL 50
7 WB _7 Buildings IRL 45
8 WB _8 Life cycle management VM 27
9 WB _9 Buildings VM 35
10 WB_10 Buildings VM 50
11 WB_11 Relational Contracting IRL 65
12 WB_12 Replacement/renovation of art works | IRL 50
13 WB_13 Infrastructure constructions VM 23
14 WB_14 Energy transition IRL 57
15 EXT_1 Circular/sustainable transitions VM B0
16 EXT 2 Innovative procurement VM 30
17 EXT 3 Innovation Development VM 54
18 EXT 4 Civil constructions VM 26
19 EXT 5 Concrete technology VM 53

Table 3.1: Detailed view of the interviews

Prior to conducting the interviews, each participant received via email an o cial
invitation to the discussion. The invitation, see Appendix E, included a description of
the interview, including scope, organisational matters and the list of questions to help
the participants prepare in advance. Also, all the participants were informed beforehand
that the interviews are recorded and transcribed accordingly for qualitative analysis.

As established by the TU Delft Human Research Ethics Committee and the interview
participants, the identity of individuals must remain undisclosed. Therefore, the expertise
section from Table 3.1 describes a broad area of expertise. To be noted, lower and
higher management within the company participated in this interview. Therefore, some
guotations in Chapter 5 will clarify the function in order to highlight an important idea
without compromising the identity of the individual. For the external parties included in
the research, functions as TU Delft professor, Rijkswaterstaat senior advisor and technical
advisor, civil constructions advisor, from the municipality of Fryslan, and representative
of Cementbouw, with extensive a liations in the industry, provided qualitative data.

The interview participants are separated by codes as well as the interview set-up, see
Table 3.1. The codes denoted with \WB" represent people working for Witteveen+Bos,
whereas the code \EXT" refers to individuals from outside the company. The number
attributed to each code only serves as a list indicator. For the interview set-up, two codes
are present. IRL describes the interview as being conducted in \In Real Life" and VM,
which stands for \Virtual Meeting".

The IRL meetings took place at Witteveen+Bos o ces across the Netherlands, like
Utrecht, Amsterdam, Rotterdam, etc., depending on the availability of each individual.
For the VM interviews, Microsoft Teams was used, serving also as a recording tool for
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later review.

The IRL meeting were recorded with a voice-recording app on a cellular device,
whereas VM took advantage of the Microsoft Teams' meeting recording function. The
resulting audio le from the IRL meeting was directly uploaded to Microsoft Word One
Drive version for transcription. Since Microsoft Teams is only producing video record-
ings, the resulting les from the VM interviews had to be initially converted from video
to audio before uploading them to Microsoft Word.

The transcripts made via the Microsoft Word application had to undergo a thorough
review due to the limited capacity of the software to transcribe 100% correctly. Other
factors that in uence the ability of the software to properly transcribe are represented
by the fact that none of the participants were native English speakers, di erent accents,
speaking volume, diction, recording environment and uncoordinated speaking order be-
tween the researcher and participants.

To analyse the data retrieved from the interview sessions, the grounded theory method
is used. In the social sciences, grounded theory is a research process used to construct
theory that is \grounded" in evidence. The objective of grounded theory is to produce
a theory that is strongly connected to, or \grounded" in, the study data (Martin and
Turner, 1986). The created theory is neither predetermined nor imposed on the data;
rather, it develops from the data via a process of ongoing comparison and analysis. The
purpose of grounded theory in qualitative research is to explain complicated social pro-
cesses in a rich and nuanced manner. This process is used to comprehend the signi cance
of the data and uncover its patterns, themes, and linkages. As new data are obtained,
the researcher continuously revises and re nes the emerging theory. Grounded theory
is a exible and adaptable method that permits researchers to investigate complex and
dynamic phenomena in a systematic and rigorous manner (Strauss and Corbin, 1994).

The semi-structured interviews are analysed in ATLAS.ti by means of Qualitative
Content Analysis approach. Assigning sections of the material to the major and sub-
categories of the coding frame is one of the processes in the systematic process known as
qualitative content analysis (Flick, 2018). ATLAS.ti is a software specially programmed
for qualitative analysis of data. Its capacities include coding directly in the transcripts,
making notes and grouping the codes in clusters. Itis an useful tool in terms of visualising
the data as it is able to generate charts and diagrams which help with data-interpretation.
The entire process of analysis in ATLAS.ti includes three distinct steps which entail data
preparation in terms of transcripts review be means of grammatical corrections; data
organisation by structuring the content and making in-text quotations for future coding
and lastly, data interpretation based on prior theoretical knowledge.
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Chapter 4

Online Survey Results

This chapter presents the results of the online survey conducted at Witteveen+Bos re-
garding the implementation of green concrete solutions in construction projects. As
mentioned in Chapter 3, this research relies on both quantitative and qualitative data.
While the semi-structured interviews are purely qualitative based, the survey provides
both types of data.

To tackle the rst two sub-research questions, see Chapter 1, Section 1.4, the question-
naire was specially designed to touch upon multiple subjects as described in Subsection
3.2.2. Each of the question will be shortly statistically described in an initial assessment,
followed by the Factor Analysis and Relative Importance Index.

Out of the 320 contacts, 85 responses were considered valid and included in the anal-
ysis. The response rate for this particular survey is deemed relevant since the population
size within the company is smaller compared to the general population (Toor, 2022).
Additionally, since the respondents work in the same environment and share the same
company culture, they are likely to have similar characteristics. As a result, a sample
size of 85 responses out of the total population of 320 employees is considered reliable for
obtaining accurate information. A detailed view of the number of participants and their
department within the company is given in Table 4.1.

ID PMC Frequency
1 Buildings 15
2 Circular Bio-based Solutions 5
3 Deltas, Coasts Rivers 1
4 Drinking water and process water 3
5 Harbour Constructions and Design 5
6 Infrastructure Mobility 6
7 Infrastructure Constructions 10
8 Life Cycle Management 14
9 Relational Contracting 2
10 Replacement and renovation of works of art 13
11 Underground Infrastructure 11

Total 85

Table 4.1: Survey respondents per department

As explained in Section 1.4, each question or set of questions described one variable
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which are further on explained individually.

4.1 Descriptive Statistical Analysis

4.1.1 Familiarity with the Concept of Green Concrete

"On a scale from 0 to 10, how familiar are you with the concept of Green Concrete?"

The bar chart in Figure 4.1 shows the distribution of responses to the corresponding
qguestion. The Figure 4.1 represents a visual simpli cation of the data provided in Table
B.1 from Appendix B which is exported from SPSS software.

From the graph, it can be observed that the majority of the responses fall in the range
of 2 to 7, with the highest frequency of 15 responses at a rating of 2. The frequency
decreases gradually as the rating moves away from 2 in either direction, with the least
frequency of O responses at a rating of 10.

The graph has a slightly negative skewness, indicating that the responses are some-
what evenly distributed, with more responses towards the lower end of the scale. The
kurtosis is slightly at, indicating a relatively uniform distribution of responses.

In conclusion, the graph shows that there is a varying level of familiarity with Green
Concrete among the respondents, with a majority being moderately familiar with the
concept. The graph also indicates that there is room for improvement in terms of raising
awareness and educating people about the bene ts and applications of Green Concrete.
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Figure 4.1: Familiarity with Green Concrete - Frequency of Scores; Source: Author

4.1.2 De nition of Green Concrete in key-words
"How would you de ne Green Concrete with only 3 words?"
The qualitative data resulted from these questions is grouped in the word-cloud illus-

trated in Figure 4.2. Based on the frequency a word was given as a response, the size of
the word-cloud was increased. A detailed list with the key-words describing the concept
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of GC can be found in Annex C, together with the frequency of appearance. These terms
imply that green concrete is seen as a long-lasting and environmentally responsible build-
ing material that attempts to lower CO2 emissions, make use of recyclable materials, and
incorporate substitute materials like geopolymers. Additionally, it highlights how crucial
carbon neutrality is when discussing green concrete.

Figure 4.2: Green Concrete De nition in key-words; Source: Author

4.1.3 The Importance of Green Concrete in the Construction
Industry

"Do you think that Green Concrete is important for the Construction Industry?"
"How important would you say that Green Concrete is?"

When asked about the relevance of GC for the construction sector, 80% of the respon-
dents believe that GC is important, 18% or 16 individuals are somewhere in between and
1 person stated that GC is not relevant, see Table B.2 and Figure 4.3.

M Yes
O No
1 Maybe

Figure 4.3: Relevance of GC; Source: Author

In order to assess the degree of importance, the respondents were asked to score from a
scale from 0 to 10 how much they believed in that importance of the GC for the industry.
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From Table B.3, the frequency of scores is illustrated for better visualisation in Figure 4.4
with scores ranging from 3 to 10. The highest frequency of responses was for a score of
8, with 23 participants (27.1%) selecting this score. Scores of 7 and 9 were also selected
frequently, with 14 participants (16.5%) selecting a score of 7 and 17 participants (20%)
selecting a score of 9. The lowest frequency of responses was for scores of 3 and 4, with
only 1 participant (1.2%) selecting each of these scores.

It can be stated that overall the respondents consider that GC is quite relevant for the
industry, and it is of high importance, considering the distribution of the graph towards
the right side of the scale.
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Figure 4.4: Degree of importance for GC; Source: Author

4.1.4 The Industry's Openness, Willingness and Promoting Skills

"How open would you say that the construction industry is in regard to new materials?"
"Do you consider that the industry is willing to adopt Green Concrete solutions?"”
"Would you consider that Green Concrete is promoted su ciently in current practices?"

Figure 4.5 provides information about the frequency of responses related to openness
of the construction industry to new materials. The survey responses only scored 10 of
the 11 possibilities, as score 0 was not assigned by any participant. The survey responses
are presented as a frequency count, a percentage, a valid percentage, and a cumulative
percentage in Table B.4.

The most common response was in category 6, with a frequency count of 24 and a
valid percentage of 28.2%. Categories 3 and 4 were the second and third most common
responses, with frequency counts of 15 and 11, respectively. The neutral category received
six responses, accounting for 7.1% of the total responses.

Overall, the results suggest that the industry is somehow open to new materials, with
the majority of responses falling within the 3 to 9 interval of response categories.
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Figure 4.5: Industry Openness to new materials

The graph in Figure 4.6 shows the frequency of industry acceptance of GC, with
the x-axis representing the level of acceptance on a scale from 0 to 10 and the y-axis
representing the frequency of responses. The graph is a histogram that shows a positively
skewed distribution, with the majority of responses concentrated in the middle of the scale
(between 5 and 8). The highest frequency is at the level of 6, indicating that the industry
is somewhat willing to adopt GC.
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Figure 4.6: Industry Willingness to adopt GC; Source: Author

Figure 4.7 shows the promotion levels of GC in current practices among the construc-
tion industry. The x-axis represents the promotion level of GC, ranging from 0 to 10,
where 0 denotes no promotion and 10 denotes the highest level of promotion. The y-axis
represents the frequency of the given scores by participants regarding their opinion on
the promotion level of GC.
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The graph shows that the majority of individuals consider a moderate level of pro-
motion for GC, with promotion levels ranging from 2 to 5. The highest frequency of
promotion level was found to be 3 and 4, with 21 and 17 responses, respectively.

Overall, the graph suggests that while there is a moderate level of promotion for GC
in current practices, there is still room for improvement in terms of increasing the level
of promaotion.

35
30

Frequency
= N N
(6] o (6]

[
o

7

DS

2D11
I:II:II:I
6 7 8 9

10

> 2
R
0 0

2 3 4 5
Industry Promotion

= o

Figure 4.7: Promotion Levels of GC in current practices; Source: Author

4.1.5 Prior Practical Experience with Green Concrete or other
Innovations and Future Interest

"Did you have any opportunity to work with Green Concrete or other new innovative
material?"

"Would you like to work on a project that involves Green Concrete or other innovative
material?"

To create a deeper understanding of the sample size, the survey included questions
about prior experiences with GC or other innovative materials and also about future
interest. 21 respondents out of 85 had previously come across a variation of green concrete
in their work, whereas the rest 64 did not have any practical experience, see Figure 4.8.

The pie-chart in Figure 4.9 displays a large interest of individuals that would like to
work with GC or other innovative materials, with 67 positive responses and 17 answers
with \Maybe".
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M Yes
I No

Figure 4.8: Prior experience with GC/other material: Source: Author

B Yes
O No
1 Maybe

Figure 4.9: Future Interest in GC/other material: Source: Author

4.1.6 Green Concrete: Challenges & Concerns

"What were the main challenges when working with Green Concrete or other
Innovation?
"What is your main concern regarding Green Concrete?"

Based on the list of words from Appendix C, Figure 4.10 summarises the results. It
appears that the most frequently mentioned challenges when working with green concrete
include regulations, rules, standards, and norms, which were mentioned a total of 34
times. The next most common challenge was cost, which was mentioned 11 times, followed
by properties and time, each mentioned 9 times. Other commonly mentioned challenges
include client-related issues, such as approvals and investments, as well as concerns about
knowledge and experience.
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Figure 4.10: Green Concrete Main Challenges; Source: Author

In Figure 4.11, which is based on the list provided in Appendix C, it can be seen that
the most common challenges associated with green concrete include the lack of experience
and knowledge, the long-term durability and behaviour, the availability, the reliability,
the standards and regulations, and the supply chain. It is interesting to note that the
greenness of green concrete is also a concern for some participants, indicating a need for
better communication and education on the topic. The results also suggest that there
is a need for more validation, proof, and promotion of green concrete to increase its
acceptance and applicability in the industry.

Figure 4.11: Green Concrete Main Concerns; Source: Author
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4.1.7 Perioritisation of the Sustainability Dimensions

"How would you prioritise the 3 given aspects of sustainability when it comes to Green
Concrete?"

The results of this question highlight the prioritisation of the sustainability dimen-
sions when it comes to choosing GC. As presented in the graph from Figure 4.12, the
Environment dimension, with 67 responses, is the rst considered factor when selecting
GC as a construction material, followed by Society, with 62, and lastly, Economy with
63 votes. The gure helps to understand the perceptions and priorities of stakeholders
regarding possible in uencing factors in the context of green concrete.
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Figure 4.12: Prioritisation of sustainability dimensions for GC; Source: Author

4.1.8 Impact Rating of the 10 most common barriers to Inno-
vation

"According to literature, these are 10 of the most common barriers to innovation. On a
scale from 1 to 5, how would you grade them by impact?"

Based on the obtained data, the mean and standard deviation of the ratings for each
barrier to innovation are calculated in Table 4.2. This will give an idea of the average
impact of each barrier and how much the ratings vary across participants. The mode
is also calculated, which helps to see which rating was most commonly assigned to each
barrier.

The mean is the average rating given to each barrier by the participants on a scale
of 1 to 5, where 1 indicates the least impact and 5 indicates the greatest impact. A
higher mean score indicates that the barrier has a greater impact on innovation. Based
on the mean values, \Short-term thinking" was rated as the most signi cant barrier to
innovation, followed by \Lack of focus" and \Lots of ideas, no market delivery". \No
time" was rated as the least signi cant barrier to innovation.

The standard deviation is a measure of the spread or variability of the ratings given
by the participants. A higher standard deviation indicates that the ratings are more
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spread out, indicating greater variability in the participants' perceptions. Based on the
standard deviation values, \Fear" and \Short-term thinking" have the highest variability
in their ratings, while \No time" has the lowest variability.

The mode is the rating that appears most frequently for each barrier. It indicates
the most common rating given by the participants. Based on the mode values, \Short-
term thinking", \Lack of resource/capacity”, \Lack of focus", \Lots of ideas, no market
delivery", and \No clear process" were rated most frequently as having the greatest impact
on innovation, while \Lack of leadership” and \No time" were rated most frequently as
having a lesser impact on innovation.

Figure 4.13: Impact assessment of 10 most common barriers to innovation; Source: Au-

thor

Barrier Mean Standard Deviation Made
Fear 3.42 1.27 4
Lack of leadership 3.16 1.26 2
Short-term thinking 3.94 1.13 4
Lack of resource/capacity 3.08 1.24 4
Lack of collaboration 3.31 1.17 3
No time 2.66 1.11 3
Lack of focus 3.33 1.17 4
Lots of ideas, no market delivery 3.37 1.22 4
No clear process 3.28 1.10 4
Lack of urgency 3.13 1.14 3

Table 4.2: Descriptive statistics of barriers to innovation

49




4.1.9 Likelihood of recommending Green Concrete

"How likely are you to recommend Green Concrete as a reliable construction solution?"

The Figure 4.14 shows the frequency distribution of responses to a question about the
likelihood of recommending GC on a scale from 0 to 10. The most common response was 7,
followed by 5 and 8, with a total of 56 responses between them. The distribution is skewed
to the right, indicating a generally positive attitude towards recommending GC. The mean
score is 6.24, and the median score is 7, indicating that the majority of responses were
towards the higher end of the scale. The standard deviation is 2.62, indicating a relatively
high level of variability in responses. For this study, a high variability is expected as the
research is aimed to identify factors that in uence the implementation of GC in practical
applications.
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Figure 4.14: Likelihood of recommending GC; Source: Author

4.1.10 Interest in further discussions

"Would you be willing to possibly discuss further this topic in an interview?"

As one of the last question of the survey, this was intended to help further with the
next stage of this research project, the semi-structured interviews. Almost half of the
respondents showed interest in discussing further the topic of this thesis, see Figure 4.15.

Since 44 individuals responded "Yes" to the question, a selection process was per-
formed. The main criterion to further interview the participants was their prior experi-
ences with GC. Therefore, as presented in Figure 4.8 only 21 individuals made it into the
second round of selection.

Because the survey was conducted with only Witteveen+Bos employees, the second
stage of selection consisted in contacting the people with the most experience in terms
of GC, but also based on their availability. The scope of the interviews included external
stakeholders, that is why from 19 spots available, 5 had to be lled in by people from
outside the company. In Chapter 5, Table 3.1 an extensive explanation of the interviewed
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individuals is provided. Since all the survey questions relate to the GC and its imple-
mentation in practical applications, a scaling process is required to observe which of the
ndings resulted from the survey are more relevant, and how those ndings relate to one
another. For this, in the following Sub-section, a Factor Analysis is performed, highlight-
ing 7 important variables to consider when choosing GC as a construction material.

M Yes
[ No

Figure 4.15: Responses to willingness to discuss further in an interview; Source: Author

4.2 Factor Analysis

In order to perform the factor analysis, only 10 of the survey questions were considered
and clustered in sets of variables that describe the in uence factors in the implementation
of GC in construction projects. From Table 4.3, starting from "Familiarity with GC" until
"Recommending GC" describe a personal belief, trait, experience, etc. The industry
openness, acceptance, and promotion enlarge the horizons to a generalised view of what
is happening in practice. The last 10 variables engage in nding a possible issue or
multiple issues in the implementation process. In total 19 variables were considered for
this factor analysis.

From the Table 4.3, it is clear that the respondents, on average, have a high level
of familiarity with GC and a high level of importance and acceptance of GC in the
industry. However, there is some variability in responses, as indicated by the relatively
large standard deviation values for these variables.

Short-term thinking and a lack of resources/capacity are recognised as the most major
impediments to adopting GC, but the respondents also mention relatively low levels of
anxiety and a lack of leadership. There is some potential for the sector to embrace
GC, but there is still space for development, as indicated by the moderate levels of the
variables linked to industry promotion, openness, and acceptance.
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Variables Mean Std. Deviation Analysis N
Familiarity with GC 4.68 2.503 85
Relevance of GC 1.39 .788 85
Importance of GC 7.89 1.589 85
Prior experience with GC/other material 1.75 434 85
Interest in GC 1.41 .806 85
Recommending GC 6.08 1.827 85
Industry Openness 5.08 2.089 85
Industry Acceptance 6.46 1.524 85
Industry Promotion 3.94 2.026 85
Fear 3.53 1.119 85
Lack Of Leadership 3.46 1.030 85
Short-term Thinking 4.02 .951 85
Lack of Resource/Capacity 3.14 1.060 85
Lack of Collaboration 3.28 .983 85
No Time 2.89 1.185 85
Lack of Focus 2.95 .999 85
Lots of Ideas, No Market Delivery 3.40 1.071 85
No Clear Process 3.52 .995 85
Lack of Urgency 3.31 1.273 85

Table 4.3: Descriptive Statistics of Factor Analysis Variables

The Correlation Matrix

The correlation matrix shows the correlation coe cients between all pairs of variables in
the survey. The correlation coe cient ranges from -1 to 1, where -1 indicates a perfect
negative correlation, O indicates no correlation, and 1 indicates a perfect positive correla-
tion. In general, a correlation coe cient of 0.3 or higher indicates a moderate correlation,
while a coe cient of 0.7 or higher indicates a strong correlation (Janse et al., 2021). (The
correlation matrix can be found in Appendix D divided across Figure D.1, Figure D.2,
and Figure D.3 due to its large size.)

Looking at the correlation matrix, in Figure D.1, Figure D.2, and Figure D.3, it can
be seen that the variables "Familiarity with GC," "Interest in GC," and "Recommending
GC" are moderately to strongly positively correlated with each other, which indicates
that individuals who are familiar with green concrete are more likely to be interested in
it and recommend it to others. We can also see that "Industry Openness" and "Industry
Acceptance" are moderately positively correlated with each other, which suggests that
companies that are open to adopting new technologies and ideas are more likely to accept
and implement green concrete.

On the other hand, some variables are negatively correlated with each other. For
example, "Fear" is negatively correlated with "Industry Openness” and "Industry Ac-
ceptance,” which suggests that fear may be a barrier to companies adopting green con-
crete. Similarly, "Short-term Thinking" is negatively correlated with "Importance of
GC," which suggests that companies that prioritise short-term goals may not see the
importance of investing in green concrete.

It is worth noting that the determinant of the correlation matrix is 0.008, which is
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less than 0.05, indicating that the variables are not perfectly correlated and that a factor
analysis can be performed.

KMO & Bartlett's Test of Sphericity

The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's Test of
Sphericity are used to evaluate the appropriateness of performing factor analysis on the
given data. The KMO measure ranges from 0 to 1, with values closer to 1 indicating that
the sample size is adequate for factor analysis (Janse et al., 2021). A value above 0.5 is
generally considered acceptable, and in this case, the KMO value of 0.658 suggests that
the data is suitable for factor analysis, see Table 4.4.

Bartlett's Test of Sphericity is a statistical test that checks if the correlation matrix
is signi cantly di erent from an identity matrix. If the test is signi cant (i.e., p-value
< 0.05), then it is appropriate to perform factor analysis on the data. In this case, the
test yielded a signi cant p-value of 0.000, indicating that the correlations between the
variables are su ciently large for factor analysis.

KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0,658
Bartlett's Test of Sphericity Approx. Chi-Square 368,572
df 171
Sig. 0,000

Table 4.4: Factor Analysis - KMO and Bartlett's Test

Communalities

The communalities Table 4.5 shows the amount of variance in each variable that can be
explained by the extracted factors (Stephanie, 2020). The initial communalities column
shows the proportion of variance in each variable before the extraction of factors, while
the extraction column shows the proportion of variance that can be explained by the
extracted factors. In this analysis, principal component analysis was used to extract the
factors. The communalities table can be used to determine which variables have high or
low communalities and to decide which variables to include in the nal factor solution.
Variables with low communalities may not contribute much to the factor analysis and
may be dropped from the nal analysis.
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Communalities
Initial Extraction

Familiarity with GC 1,000 0,752
Relevance of GC 1,000 0,675
Importance of GC 1,000 0,637
Prior experience with GC/other material 1,000 0,782
Interest in GC 1,000 0,556
Recommending GC 1,000 0,664
Industry Openness 1,000 0,615
Industry Acceptance 1,000 0,484
Industry Promotion 1,000 0,655
Fear 1,000 0,620
Lack Of Leadership 1,000 0,682
Short-term Thinking 1,000 0,698
Lack of Resource/Capacity 1,000 0,531
Lack of Collaboration 1,000 0,558
No Time 1,000 0,724
Lack of Focus 1,000 0,699
Lots of Ideas, No Market Delivery 1,000 0,577
No Clear Process 1,000 0,736
Lack of Urgency 1,000 0,673
Extraction Method: Principal Component Analysis.

Table 4.5: Factor Analysis - Communalities

Total Variance Explained

The "Total Variance Explained" Table 4.6 provides information on the amount of variance
explained by each extracted component or factor, both before and after rotation.

The "Initial Eigenvalues” column shows the eigenvalue of each component before
extraction, which represents the amount of variance in the original variables that can be
accounted for by each component. The eigenvalues are sorted in descending order, and
the number of components to be retained can be determined by looking at the point at
which the eigenvalues start to level o .

The "Extraction Sums of Squared Loadings" column shows the total amount of vari-
ance accounted for by each component after extraction, which is calculated by summing
the squared factor loadings for each variable onto that component. This column shows
the percent of variance explained by each component, as well as the cumulative percent
of variance explained by all the components up to that point.

The "Rotation Sums of Squared Loadings" column shows the variance accounted for
by each component after rotation, which is also calculated by summing the squared factor
loadings for each variable onto that component. This column also shows the percent of
variance explained by each component, as well as the cumulative percent of variance
explained by all the components up to that point.

The goal of factor analysis is to identify the underlying factors that explain the corre-
lations among a set of observed variables. In this case, it seems that the extracted factors
account for a substantial proportion of the variance in the original set of variables. The
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number of factors to retain is typically determined by looking at the eigenvalues, and a
scree plot can be used to visualise the point at which the eigenvalues start to level o .
The results of the factor analysis can be used to interpret the factors and to identify the
variables that are most strongly associated with each factor (Young, 2021).

Total Variance Explained
Component Initial Extraction Sums of Rotation Sums of
Eigenvalues Squared Loadings Squared Loadings
Total | % of | Total % of | Total % of
Variance Variance Variance

1 3,731 | 19,635 3,731 19,635 3,158 16,623
2 2,004 | 10,550 2,004 10,550 1,861 9,793
3 1,829 | 9,627 1,829 9,627 1,581 8,323
4 1,463 | 7,701 1,463 7,701 1,502 7,903
5 1,174 | 6,180 1,174 6,180 1,461 7,689
6 1,107 | 5,826 1,107 5,826 1,429 7,519
7 1,010 | 5,314 1,010 5,314 1,327 6,982
8 0,976 | 5,138
9 0,802 | 4,223
10 0,732 | 3,853
11 0,689 | 3,628
12 0,680 | 3,578
13 0,611 | 3,215
14 0,513 | 2,699
15 0,431| 2,271
16 0,388 | 2,041
17 0,349 | 1,839
18 0,288 | 1,516
19 0,222 | 1,167

Table 4.6: Factor Analysis - Total Variance Explained

Scree Plot

A scree plot is a graphical representation of the eigenvalues associated with the factors
extracted from a factor analysis. It is used to determine the number of factors to retain.
The plot displays the eigenvalues of each factor extracted, with the eigenvalues listed in
decreasing order on the y-axis and the number of factors on the x-axis. The plot shows a
"scree” pattern where the eigenvalues decrease steeply for the rst few factors and then
level o for the remaining factors. The point where the plot levels o is known as the
"elbow" of the scree plot (Lewith et al., 2010).

The elbow of the scree plot is used as an indicator for the number of factors to retain.
Factors before the elbow are considered signi cant and should be retained, while those
after the elbow are less signi cant and can be discarded. The exact location of the elbow
can be subjective and dependent on the speci ¢ data-set and research question.

In summary, the scree plot is a useful tool for determining the number of factors to
retain in a factor analysis, as it visually displays the eigenvalues associated with each
factor and the point at which the eigenvalues level o .
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In this analysis, the scree plot, Figure 4.16 shows a steep drop in eigenvalues between
the rst and second components, followed by a more gradual decline in subsequent compo-
nents. This suggests that a 2-component solution may be appropriate for this data, as the

rst two components account for the majority of the variance (30.2%). A 3-component
solution may also be considered, as the rst three components explain 39.8% of the vari-
ance. However, beyond the third component, there is no clear point where the curve
levels o, indicating that additional components may not add much explanatory power.
Overall, the scree plot suggests that a 2- or 3-component solution may be appropriate for
this data.

Figure 4.16: Scree plot of eigenvalues; Source: SPSS

Component Matrix

The component matrix, Table 4.7 shows the correlation coe cients between the origi-
nal variables and each of the seven principal components identi ed through the factor
analysis. Each variable has a loading (correlation) on each component. The higher the
loading, the more that variable contributes to that component (Bruin, 2011).

For example, the variable "Familiarity with GC" has a high loading on the rst
component, suggesting that it is strongly associated with this component. The variables
"Recommending GC" and "Importance of GC" have high loadings on the rst and third
components, respectively.

The interpretation of the components will depend on the variables that load on them.
Based on this component matrix, the rst component seems to be related to variables such
as Familiarity with GC, Recommending GC, and Importance of GC, which may suggest a
general attitude towards the topic of green concrete. The second component seems to be
more related to variables such as Lack of Focus, No Time, and Lack of Resource/Capacity,
which may suggest barriers or challenges in implementing green concrete practices.

56



XUTeA Jusuodwo) - sisAjeuy J1oioed /'t a|qel

‘paoenxa sjusuodwod / e

'sisAreuy Jusuodwo) edidulld :POYIBIN uondesx3

160'0- 88T'0- G0S'0 190'0- 112'0 6010 L0T'0 uoneloqe||oD Jo >oe]
592'0 S/T'0 TGE'0 ETY'0 TEE'0 L€2'0- LVE'0 diysiapea JO e
8€0'0- 660'0 96€'0- 90S'0 200'0- 68€'0 G0'0 Kianija@ 13eN ON ‘seap| Jo S107]
2.0'0 60€'0- EIV'0 60S'0 G62'0- Zv0'o- 120'0- Jead
16T'0 862'0 990'0 8100 1.0 SYE'0 120 uonowold Ansnpuj
TT7'0 LYT'0 720 T9T'0- 129'0 T9T'0- 1S0'0 Bupjuiy L wis-Loys
9£z'0- vTT'0 68T'0- 852'0 7890 €870 ¥00'0 Aouabin jo xoeT
9/€'0 LvE'0- 1200 25€'0- T20'0- 015’0 8/2'0 awill oN
1100 86€'0- €20'0- 99Z'0- 860'0 LES'0 850'0- Ayoeded/a0in0say 4o soeT
6.T'0 9/T'0 80T'0- 812'0 ¥8€'0 ¥¥5'0 19€'0 SN204 Jo >oe
Zsv'0- €90'0 €620 262’0 GTT'O- ¥55'0 Tv2'0 $S9201d Je3[D ON
8ET'0 09%'0 6.0'0- EVT'0- 60€'0- 2o T97'0 sssuuadQ Ansnpul
920'0- ¥62'0 0ST'0 8zg'0- 0ST'0- T00'0- v67'0 aoue)daooy Ansnpul
¥8T'0- 820'0- 96T'0- ¥92'0- ¥6€'0 8vT'0- €9G'0 09 Jo souenodu
802'0- Z8€'0 ST'0 0€z'0- 090'0 92T'0 065'0- [eusrew 18y10/09 yum sousuadxs Jold
€210 ¥90°'0 0ST'0- €80'0- 100'0- Z8€'0 209'0- 29 Ul 1sai81|
89€'0 L¥0'0 ¥10'0- 682'0 SOT'0- Zr0'o 999'0- 09 Jo douens|oy
GET'0- €ET'0- 0900 0€0'0 §60'0- ove'o- 9v.'0 09 Buipuswiwoday
TET'0 €LT'0- 190'0- 18T'0 890'0- 180'0- 808'0 29 yum Arerjiwe
L 9 S 14 € 4 T
jusuodwo)

e

XUIeA Wwauodwo)d

57



Rotated Component Matrix

The rotated component matrix in Table 4.8 shows the correlations between the original
variables and the new, rotated components. In this case, the components have been
rotated using a varimax rotation with Kaiser normalisation. The table shows the factor
loadings (correlations) of each variable with each of the seven rotated components. The
higher the absolute value of a loading, the more that variable is associated with that
component (Bruin, 2011).

Interpreting the rotated component matrix requires looking at the pattern of loadings
across components for each variable. Variables with high loadings on a particular compo-
nent are more strongly associated with that component. In this case, we can see that the
rst component is characterised by high loadings on "Recommending GC," "Familiarity
with GC," and "Prior experience with GC/other material," while the second component
is characterised by high loadings on "Industry Promotion” and "Industry Openness."”
By examining the pattern of loadings across components, we can gain insight into the
underlying factors that are driving the relationships among the variables.

Component Transformation Matrix

The Component Transformation Matrix shows the relationship between the original vari-
ables and the rotated components. It is used to calculate the scores for each component
for each observation in the data-set.

In this case, there are 7 components and the matrix shows the loadings of each variable
on each component after rotation, see Table 4.9. The numbers in the matrix represent
the correlation between the variables and the components. The higher the absolute value
of the correlation, the stronger the relationship between the variable and the component.
The matrix is used in conjunction with the rotated component matrix to interpret the
meaning of each component.

The factor analysis identi ed seven factors with eigenvalues greater than 1, which
accounted for 64.832% of the total variance. The scree plot and parallel analysis also
supported the extraction of seven factors. The rotated component matrix shows the factor
loadings for each variable after rotation, and the interpretation of the factors was based
on these loadings and the content of the variables. The communalities table shows the
amount of variance in each variable accounted for by the extracted factors. Overall, the
factor analysis suggests that there are seven underlying factors that explain the common
variance among the variables related to the adoption of green concrete. These factors are:
Industry Promotion and Support, Positive Attitudes and Beliefs towards Green Concrete,
Resource and Capacity Constraints, Market-related Obstacles, Lack of Leadership and
Vision, Collaboration and Communication Issues, Time-related Constraints.
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4.3 Relative Importance Index

The Relative Importance Index (RII) is a method to mark the relative importance of a
speci ¢ set of variables. It is a common method used in social sciences or marketing to
highlight opinions, attitudes, or behaviour of respondents related to the given variables.
For this study, the set of variables picked to undergo a RIl analysis is the ten most
common barriers to innovation described in Section 4.1.8. The respondents were asked to
rate the impact of the given barriers to innovation from 1 to 5, 1 being the least impact
and 5 being the most impactful. In Table 4.10 the total score for each challenge is given
by summing up the scores for each level of impact.

Impact
ID Challenges 5 4 3 2 1

1 | Fear 18 31 16 18

2 | Lack Of Leadership 16 25 26 18 0
3 | Short-term Thinking 31 33 13 8 0

4 | Lack of Resource/Capacity 7 30 19 26 3

5 | Lack of Collaboration 10 25 30 19
6 | No Time 7 23 20 24 11
7 | Lack of Focus 4 22 31 22 6
8 | Lots of Ideas, No Market Delivery 13 31 20 19 2
9 | No Clear Process 14 32 24 14 1
10 | Lack of Urgency 17 24 22 12 10

Table 4.10: Total score for each challenge
T

No Time 0:58 -

Lack of Resource/Capacity 0:59 -

Lack of Collaboration 0:63 -

Lack of Urgency 0:66 =

No Market Delivery 0:66 =

Lots of Ideas 0:68 =

Lack Of Leadership 0:69 B

No Clear Process B

Fear I

Short-term Thinking 0:8 =

0 0;2 0;4 0:‘6 0:8 1

Relative Importance Index

Figure 4.17: Relative Importance Index of the 10 most common barriers to innovation;
Source: Author

In Table 4.11 the calculation for obtaining the RII is presented, whereas the results
of the RII are illustrated in Figure 4.17.
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The numbers in columns "5" through "1", in Table 4.11, represent the frequency of
each response, where 5 is the highest impact and 1 is the lowest. The "Total" column
is the sum of the frequencies. The "N" column is the total number of respondents. The
"A*N" column is the product of the frequency and the number of respondents. The "RII"
column is the Relative Importance Index, calculated using the formula

P
—_ W
RIl = AN where,

W is the weighting assigned on Likert's scale by each respondent, A is the highest
weight, and N is the total number of respondents. The "Rank" column is the rank of the
barrier based on its RIl, with 1 being the highest. The results of RIl con rm the ndings
in Section 4.1.8, but explain in-depth how the listed factors weight in terms of impact in
the process of implementing GC.

In conclusion, "short-term thinking" impacts the most the process of implementing
GC in construction projects, at least from the point of view of Witteveen+Bos employees.
Looking at the rest of the barriers in Figure 4.17, the di erences between the coe cients
is not very high, thus all of them interfere with the process in a certain amount.
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Chapter 5

Semi-structured Interviews Results

This chapter presents the results of the interviews conducted with specialists from the
construction sector regarding the implementation of green concrete solutions in construc-
tion projects. 19 specialists with di erent backgrounds, expertise, and experiences took
part in the interviewing sessions, expressing their views and opinions on the matter at
hand.

The semi-structured interviews together with the literature review were designed to
answer the third and fourth sub-research questions of this study, which are:

What are the key factors that in uence the decision to adopt green concrete solutions in
construction projects, and how can these be leveraged to promote the widespread
implementation of these solutions?

What are the possibilities in terms of practices and strategies for integrating green
concrete solutions into the design and construction process, ensuring that they are
seamlessly integrated into the project and meet the required performance standards?

As described in Chapter 3, the Grounded Theory Method is used to analyse the data
retrieved from the interviews. Since it is an iterative process, multiple layers of revision
were performed, including open coding, axial coding and selective coding to allow for
more in-depth understanding and observations in terms of patterns and themes.

5.1 Coding Frame

Based on the Methodology, as explained in Section 3.2, the data resulted from the in-
terviews stage went through multiple review stages. After the transcription of the 19
interviews, a grammatical correction was performed to clean up the irrelevant text. To
familiarise with the content of the interviews, an initial reading was done together with
the quotation step. The quotation step represents highlighting the ideas that seem to be
relevant or stand out from the entire content of the transcript and are the foundation of
coding for the qualitative analysis.

From the 19 interviews conducted for the research, 542 quotations resulted from the
initial study of the transcripts. Based on these highlights, 37 open codes were generated
that explain what the quotations refer to. To narrow down the ndings of the interviews,
out of 37 open codes, 5 axial codes were created to describe the overall ideas presented
by the open codes. The axial codes concentrate the information into concepts that would
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