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In the context of globalization and increased international market competition, various
Finnish companies and organizations driven by different forces devote considerable efforts
to assessing, preventing, and reducing the negative environmental impacts of their actions.
Nevertheless, the construction industry still contributes significantly to the total amount of
fossil carbon dioxide emission of the country. Moreover, the building construction process
has a notable effect not only on air, but water, land and noise pollution.
Many researchers acknowledge the positive effect of embedding sustainability principles
into a company’s business strategy and operations on sustainable business performance.
In the scope of this thesis, the link between green supply chain management and
sustainable firm performance is investigated through different lenses from the theoretical
and empirical perspectives and with consideration of the triple bottom line approach, which
dynamically integrates the economic, ecological and social sustainability dimensions.
This research addresses the critical problem of understanding the negative environmental
impacts of the actions undertaken on each stage of the construction project and
discovering the possible ways to prevent or overcome such issues identified. The evidence
was collected from a cross-country sample of Finnish construction companies using the
mixed quantitative and qualitative research methods. The empirical results support the
NRBV concept of a firm's competitive advantage and demonstrate that organizations that
consider the environmental impacts of their activities have better economic, social and
environmental performance. The research findings of this thesis contribute to the
development of the valuable reference for supporting the governmental decisions on
establishing initiatives to incent embedding green supply chain practices in Finnish
construction supply chains.
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1 INTRODUCTION
The first chapter gives insights into the empirical and theoretical background for the
research presented in this thesis, identifies the potential research gap explored later with a
systematic literature review, states the research objectives and questions. Subchapter 1.4
is devoted to a description of the methods applied, while the structure of this thesis is
presented in the last subchapter 1.5.
1.1 Background
In the following part of the thesis, the empirical background of the research will be explained
with the particular focus on the case country. After that, the underlying theoretical foundation
of the thesis will be introduced and explored further using a systematic literature review in
chapter 2.
1.1.1 Empirical Background
In the context of globalization and increased international market competition, various
Finnish companies and organizations driven by different forces devote considerable efforts
to assessing, preventing, and reducing the negative environmental impacts of their
decisions. Various global, national, and regional governmental initiatives stimulate the
industry practitioners and academic community to 'lean forward' in exploring the feasibility
of actions, non-evident pollutants, and possible methods of the system performance
improvement.
Many countries including, for example Germany, France, the Netherlands, and Finland,
have set the targets for a low-carbon and resource-efficient society and a sustainable
national economy (Brunila, 2017). On the other hand, the ambitious goals have been stated
in the European Union (EU) for greening the construction industry by 2030 (FTP, 2012a,
FTP, 2012b). Finland has been chosen as the case country for several reasons that will be
discussed next. Finnish national policy, inter alia, gives a notable importance to sustainable
development carried out in line with the EU policies (Ministry of the Environment, 2018).
Construction industry emitted considerably large, 1,23 million tons, amount of fossil carbon
dioxide (CO2) into the air in Finland in 2015 (Tilastokeskus, 2018a). As required for the
sustainably built environment in Finland, much emphasis is placed on energy efficiency and
green technology development. For example, Energy efficient Mortgages Action Plan
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(EeMAP) initiates the standardization of “energy efficient mortgage[s],” according to which
building owners are encouraged to improve the energy efficiency of their buildings (EeMAP
Project, 2018). Another key theme in Finland in 2018 is Level(s), a voluntary reporting
framework aiming to promote sustainability and accelerate market demand for green
construction. The framework has a great potential for its use by building sector experts not
only in the Northern states but also across the EU (Green Building Council Finland, 2018).
Thorough understanding of the Finnish construction sector is vital to ensure that proposed
improvements in sustainability will be feasible to be effectively implemented by practitioners
and policymakers. Therefore, the further analysis of industry and diffusion of innovative
practices in Finland is presented in chapter 6.
1.1.2 Theoretical background
From a theoretical perspective, Natural Resource-Based View Theory and Sustainable
Supply Chain Management concept became the core theoretical foundations of this work.
More specifically the academic research in the field will be analyzed in chapter 2.
Natural Resource-Based View
The original resource-based view (RBV) can be considered as one of the most widely
accepted theoretical perspectives in the strategic management (Penrose, 1959; Rouse and
Daellenbach, 2002; Newbert, 2007). According to Barney et al. (1991), a company’s
sustainable competitive advantage can be achieved by managing various resources:
capabilities, information, and knowledge, that are rare, inimitable and non-substitutable.
Regarding the construction supply chain perspective, a suppliers’ capabilities can be
recognized as the source of competitive advantage that should be deployed as efficiently
as possible (M G Kim et al., 2016). The Natural Resource-Based View (NRBV) emerged
from the RBV, introduces the concept of a firm's competitive advantage reached through
the relationships with the environment. Stuart Hart has first introduced the concept in 1995
and 15 years after he has "reinvented" it coauthoring with Glen Dowell. NRBV emphasizes
that a firm’s competitive advantage is attainable only with capabilities enabling
environmentally sustainable growth. The original theory has been based on three
interconnected strategies such as pollution prevention, product stewardship, and
sustainable development.
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Substantial research attention has received a wide range of environmental practices that
examine the performance implications of investments in environmental management
practices (Llach et al., 2013; Dam and Petkova, 2014; Graham and McAdam, 2016; Javed,
Rashid, and Hussain, 2016). The pollution prevention concept focuses on the elimination of
the negative impacts the production process has on the environment (Zhu, Sarkis, and Lai,
2012; Graham and McAdam, 2016). In the original work on NRBV, Hart highlights the
difficulty of observing in practice pollution prevention capabilities due to their tactic and
decentralized nature. Nevertheless, in many cases, pollution prevention is the first step in
proactive environmental management, since prior to advancing other environmental
strategies, it is important to a company to have obtained the resources needed to address
the fundamental principles of pollution control.
Another strategy that NRBV is based on is product stewardship (PS) which enables a
company to minimize economic and social product costs through an environmentally
proactive stance towards raw materials and components (Hart, 1995). Product stewardship
principles require active collaboration with external stakeholders. Though the close
partnership firms can develop stronger socially complex networks to prevent not only
negative environmental impact but possible competition. Therefore, the topic of product
stewardship has gained much attention from the marketing, operational management and
strategic management research (Hart and Dowell, 2011). On the other side, extended
producer responsibility in supply chain applies to the situation when a producer accepts and
focuses on extended responsibility for its supply chain, for instance, undertakes monitoring
and auditing its suppliers (Spence and Bourlakis, 2009). However, without active follow-up
and supplier engagement, auditing only is unlikely to be sufficient.
The last strategy, sustainable development of a company, is often impossible without the
investments in development and deployment of low-impact technologies and innovations
with minimal negative impact on society and nature (Hart, 1995). Important to note that the
previous research, attempting to build constructs to identify components of firms’
sustainable development strategies was not able to fully achieve the research goals
because of an inherent complexity of the subject (Hart and Milstein, 2003; Hart and Dowell,
2011).
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Sustainable Supply Chain Management (SCM)
From an academic research perspective, the concept of sustainable supply chain
management (SCM) builds upon the general idea of sustainable development, which has
been defined by the Brundtland Commission as ‘development that meets the needs of the
present without compromising the ability of future generations to meet their own needs’
(Brundtland Comission, 1987). This study adopts the definition of sustainable SCM offered
by Srivastava (2007), who defines sustainable SCM as
“Integrating environmental thinking into supply-chain management, including product
design, material sourcing, and selection, manufacturing processes, delivery of the final
product to the consumers as well as the end-of-life management of the product after its
useful life."
On the other hand, although the number of attempts was taken to identify the green supply
chain management (GSCM) though one central supply chain management practice (Green,
Morton, and New, 1996; Murphy and Poist, 2003), research still seeks to bring together
different constructs to take GSCM to a higher level of conceptualization (Zhu, Sarkis and
Lai, 2008; Shi et al., 2012). GSCM practices such as co-design, co-creation with customers,
sustainable purchasing, and others can be investigated regarding NRBV attributes,
precisely, how each of these practices creates causally ambiguous and socially complex
resources that can be used to gain competitive advantage.
Obviously, the importance of reduction of the negative environmental footprint of the
organizations in the construction industry on a global scale cannot be overstated. In addition
to emission reduction, the majority of authors acknowledge the positive effect of embedding
sustainability principles into a company’s strategy and vision on corporate social and
economic performance (e.g., Ngai et al. (2018); Kleine and von Hauff (2009); Orlitzky,
Siegel and Waldman, (2011)). In line with other research this study will attempt to find an
evidence that commitment to sustainability can simultaneously accommodate the needs of
all members of society. In the scope of this thesis, the link between sustainable SCM and
sustainable firm development will be investigated through different lenses from the
theoretical and empirical perspectives and with consideration of the ‘triple bottom line’ (TBL)
approach which dynamically integrates the economic, ecological and social sustainability
dimensions.
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One of the most critical components and drivers of the company's dedication to sustainable
production and innovation is a strong moral leadership and a shared vision of the future.
Managerial cognition as the fundamental element of embedding sustainability into firm
strategy is widely recognized by academics and will be also discussed in-depth in the later
parts of this thesis.
1.2 Research Objectives and Questions
A clear understanding of the research subject, green construction supply chain, cannot be
achieved without a holistic analysis of the processes, motivators, and barriers that are part
of it or have a direct or indirect influence on it. Therefore, while addressing the issue of
embedding sustainability into construction supply chain, researcher should expect many
actors and forces to be investigated. Thus, comprehensive approach to examining the
single construction project as a process which consists of different stages with various
responsible members and actors, flows of knowledge, finances, material, and outcomes
that become inputs for the following steps will be attempted to achieve in this work.
It is important to note is that while many studies are focused on the effects of separate
green construction practices on firm performance (e.g., Pan et al. (2018), Wong et al.
(2014), Murtagh, Roberts and Hind (2016)), the primary research objective of this study is
to investigate the impact of combination of distinct GSCM practices on the performance of
the different members of the construction process. The selection of possible GSCM
practices to be analyzed is based on the previous research that has been done with a focus
on improving the sustainability of the supply chain process in manufacturing, IT, building
and other sectors of economy (e.g. Wong, Chan and Wadu (2016), Varnäs, Balfors and
Faith-Ell, (2009)).
Worth noting that, while most authors address the topic of drivers and barriers of GSCM at
least to some extent, broader research on this has been conducted as well (e.g. Chin-Chun
et al., 2013, Ying Liu, Pheng Low and He (2012a)). However, only a few studies combine
in their conceptual models’ drivers and barriers along with practices and performance
associated with GSCM. This thesis addresses this research gap in the context of
construction sector. Important to mention that previous research suggests that SCM and
GSCM are not well-known concepts in the construction industry (Ofori, 2000) and ways to
increase awareness among practitioners, if within the bounds of possibility, should be
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investigated. On that account, the sub-questions deriving from the central problems
described are presented in table 1.
Table 1 Research question and sub questions
What is the impact of green
construction practices on the economic,
environmental and social performance
of company?

What are green construction practices?
What is the impact these practices have on the performance
of a construction company?
What are the main barriers a construction company faces in
adopting green practices?
What are the main drivers a construction company faces in
adopting green practices?

Furthermore, the study makes a theoretical contribution to the literature on GSCM and
specifically green construction SCM by providing a comprehensive systematic state-of-art
literature review on the research in the recent years. Moreover, the study addresses the
critical problem of understanding the negative impacts of each stage of the construction
project and exploring the potential ways to prevent or overcome such issues identified.
Additionally, this thesis considers the potential adoption of GSCM by a scalable amount of
Finnish companies and discusses some construction cases and valuable industry lessons
that show the concrete positive results that sustainability can lead to. Furthermore, empirical
analysis findings of this study make possible to access and discuss the level of green
development and GSCM practices adoption by companies in the Finnish construction
industry, in addition to the typical barriers and drivers. Lastly, as the unique measurement
mechanism that incorporates various scales and constructs have been developed based
on the existing literature and interviews with experts, the results of this study can become
a firm theoretical and methodological ground for scaling up and replicating the study with a
larger sample of data collected.
1.3 Research Approach and Delimitations
An essential prerequisite to deciding on the appropriate research approach for a study is to
acknowledge the philosophical assumptions that shape its methodological choices and
research questions (Creswell, 2013). Paradigm is a basic set of beliefs or worldview that
guides action or an investigation of a researcher (Guba and Lincoln, 1994). Candy (1989)
proposes three main taxonomies, namely positivist, interpretivist, and critical paradigms.
Additional, pragmatic paradigm, has been introduced by Tashakkori and Teddlie (2003) and
brings together the elements of three. In this study, the critical realist worldview has been
adopted by the researcher. Thereby it is acknowledged that the knowledge about the reality
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is biased and historically, socially, and culturally situated. The personal beliefs and views of
researcher affects the interpretation of the results and findings of this study.
In this context, it is important to indicate that this study adopts a combination of (1) the
deductive reasoning approach that is built on the set of statements and in which the
conclusion arises from the assumption that premises are true and (2) the inductive
reasoning approach which means “making the generalized findings from propositions
relating to particular instances” (Eysenck and Keane, 2005, p. 533).
As the foundation for the study has been clearly stated, the delimitations of the research
also have to be explicitly described. Firstly, although briefly discussed in some parts of this
work, the topics of closed-loop supply chains and reverse logistics were not part of the
literature review and later analysis. Secondly, the processes of redesign and reconstruction
have not been investigated separately. Lastly, while many members of construction supply
chain perform different roles during the construction process (e.g., development and
maintenance, construction and supply), a decision was made to conduct the analysis based
on the primary function the company carries out.
1.4 Methods Summary
To form a comprehensive understanding of phenomena the triangulation approach is used
to validate findings through the convergence of information from different sources, collected
and analyzed using mixed methods research (Carter et al., 2014). This method has been
selected for this research because combining of qualitative and quantitative methods can
help to overcome the weaknesses and utilize the strengths of each approach; improve the
insights into and understand better the data collected; provide stronger evidence for the
conclusions (Dang, School and Mathews Z. Nkhoma, 2013). The visual diagram of the
mixed methods used in this thesis is presented in figure 1.

Figure 1 A visual diagram of research methods (Dang, School and Mathews Z. Nkhoma, 2013)
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1.5 Study Structure
The thesis starts with an introductory chapter that states the objectives of the study and
research questions. Based on the focus and theoretical direction given, a systematic
literature review on the topic is conducted. Results of network analysis and article clustering,
the leading works in the field of GSCM and specifically GSCM in the construction field are
outlined and studied in-depth. In the next chapter, the main characteristics of construction
supply chain are described. After that, the thesis continues with discussion of developed
scales and measurement items of the future questionnaire. Next, the qualitative and
quantitative research methods of data collection are stated, and the analysis results are
interpreted with consideration on hypotheses previously mentioned. Lastly, the main
findings and conclusions on the work are discussed in more details. Schematically the
structure of the study is presented in figure 2.

Figure 2 The structure of study
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2 SYSTEMATIC LITERATURE REVIEW
In this chapter, GSCM practices are studied from a holistic point of view and the GSCM
topic development in the last ten years is examined through a systematic literature review
and bibliometric analysis of articles published from 2008 to 2018. The conducted literature
review intends to uncover aspects not discussed by previous researchers. This part of the
work is structured as follows: the remainder of the chapter begins with an overview of the
GSCM explaining how the concept has been defined and analyzed in the past. Secondly,
the research methodology is outlined. Some general observations will be made before
presenting an in-depth analysis conducted using the software SciMAT, BibExcel, and Gephi
as bibliometric and network analysis tools. After that, the results of the literature review are
summarized, some limitations are presented, and the research gap is identified.
2.1 GSCM definition
The theories of SCM and environmental management as strategic organizational practices
used to achieve competitive advantages have been getting greater attention during the
period of the late 1980s and early 1990s (Fahimnia, Sarkis, and Davarzani, 2015). As the
field

evolved,

anecdotal

case

studies

developed

into

theoretical improvement

investigations, and ultimately theory is testing empirical studies with more advanced formal
modeling instruments for assessing GSCM (Sarkis, Zhu and Lai, 2011). At the beginning of
the 2010s, GSCM practices have already matured in some developed countries. However,
GSCM was still a relatively new trend for most of the developing countries (Luthra, Garg
and Haleem, 2014). By and large, the GSCM has been recognized as a system that can
contribute to sustainability performance enhancement and plays an essential role in
determining the cumulative environmental impact of any company involved in supply chain
activities. The most recent practical evidence was provided by the United Nations Global
Compact sustainability study of major companies. This report evaluates progress regarding
how organizations are taking action on the sustainable development goals and features ten
interviews with business leaders. The results emphasize that 75% of companies say they
are taking action on sustainable SCM (United Nations Global Compact, 2017).
Currently, there is no universal definition of green and sustainable supply chains that has
been accepted by academics. Partly it is caused by the difficulty of giving a definition of a
supply chain and stating its boundaries. An often cited article by Ahi and Searcy (2013)
identified a total of 22 definitions for GSCM and 12 definitions for sustainable SCM. In
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general, the most commonly cited definition in the articles is one stated by Srivastava (2007)
(discussed in chapter 1.1).
All in all, the greening of a supply chain is considered as a potentially powerful tool to
enhance a company's record on corporate social responsibility, diminish reputational risks,
decrease wastes, and improve flexibility to react to new environmental regulations
(Simpson, Power, and Samson, 2007). In their research Testa and Iraldo (2010) have
identified the primary drivers of implementation of GSCM such as positive corporate image,
increased efficiency, and innovation leadership. Regarding the underlying purposes of
GSCM Hervani, Helms and Sarkis (2005) name external reporting, internal control and
internal analysis.
The existing literature encompasses different approaches to GSCM based on the primary
features of various contexts such as process design (Chen et al., 2012), purchasing
(Mirhedayatian, Azadi and Farzipoor Saen, 2014), supplier selection (Villanueva-Ponce et
al., 2015; Jens K. Roehrich, Hoejmose and Overland, 2017) and development (Hoejmose,
Brammer and Millington, 2012), product lifecycle (Besbes et al., 2013), environmental and
operational performance (Woo et al., 2016). Research has been concentrated on
assessment of the field growth, research gap identification, case studies, and particular
areas of research interest. By applying content analysis and descriptive statistics, the
examination of the literature across authors, topics, and areas has been developed. In this
work, network analysis has been applied to clusters of research evolution within the GSCM
literature and on graphically inspecting the evolution of the topic from 2008 to 2018.
2.2 Methodological aspects and initial data statistics
Literature reviews identify vital scientiﬁc contributions to a ﬁeld or question, while metaanalysis offers a statistical method for synthesizing ﬁndings to get overall reliability
unavailable from any single study alone (Tranfield, Denyer and Smart, 2003). As has been
recommended in the research by Rowley and Slack (2004) and Fahimnia, Sarkis and
Davarzani (2015), a structured, five-step methodology approach for data collection and
thorough evaluation is applied in this study. The aim is to identify the most important papers
on the topic, define the topical fields of research and give insights for research interests in
this work.
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The preliminary search results have shown that there is a lack of publications on the specific
topic of GSCM in construction industry. Therefore, in this paper, focus is placed on the
GSCM in general with considerable attention to the construction industry. Based on the
paper by Gurtu, Searcy and Jaber (2015) that studied the keywords used in the
environmentally focused supply chain literature, the keywords "sustainable supply chains"
and "green supply chains" were the most popular among authors during the period of 2007
and 2012. Accordingly, the keywords used for this data collection included “sustainable,”
“supply chain,” “green,” “environmental.” The combinations of these keywords used in this
study are (1) Green Supply Chain, (2) Environmental Supply Chain, (3) Sustainable Supply
Chain.
Regarding this stage of analysis, it has been decided to begin with the selection of the most
encompassing databases. In their work, de Oliveira et al. (2017) have identified that the
majority of the research articles related to the topic of SCM were included comprehensively
in two databases: Web of Science and Scopus. However, because of the scope and
software compatibility, a choice was made for continuing with the search procedure using
only the Web of Science database.
Following previous steps, the articles in which the search terms were used in the title,
abstract and keywords were collected and stored. Furthermore, the language was limited
to English, the year of publication included from 2008 to 2018, the search was narrowed to
"journal articles" and excluded "conference papers," "books" and "chapters of books." The
Web of Science categories not related to the business field such as “Law,” “Biology,”
“Mechanics,” and others were excluded from the search. A total of 479 papers were found
using this query. The categorization of search results for both sets of search terms is
presented in table 2. The Mendeley and Zotero software were used to store and study the
search results to include all the necessary article details such as title, authors ׳names,
abstract, keywords, and references.
Table 2 Initial search results
Database
Web of Science

Search terms
Green Supply Chain
Environmental Supply Chain
Ecological Supply Chain
Total

Search results
(no. of papers)
450
27
2
479
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After elimination of duplicates, 474 unique papers remained in the dataset. Next, the data
was preliminary scanned to remove articles written by anonymous authors or ones that
were published in commercial magazines and do not have a robust research study behind.
To investigate how the popularity levels of the topic among academics has been changing
over time, the trend in the number of papers published is drawn (presented in figure 3). The
figure 3 shows there is a clear geometric growth in the number of publications per year,
even though the topic is still in the early stage of the investigation. The year 2018 has been
included as well; although it does not have a representative power (only data from half a
year available was analyzed).

100
50
0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Number of published acticles

Figure 3 The trend in the number of papers published in the field of GSCM from 2008 till 2018

According to the statistic conducted remaining 474 papers were published in more than 130
different scientific journals. The top 10 journals have contributed to publishing 262 studies
that represent about 55% of all articles published. The matrix of journals and years of
publishing can be seen in table 3. Moreover, the Journal of Cleaner Production as the key
contributor to the area is also the most cited by other journals.
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Table 3 The ten journals that published the most articles on the topic of the GSCM
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After the initial analysis was finalized, the process that included two parts of later data
analysis was carried out. The database was structured to conduct bibliometric and network
analyses. For these reasons, BibExcel and Gephi software were opted for due to their
effectiveness, advanced visualization and investigation options. In the next part of the
analysis, the systematic literature review map was developed, concept matrix was drawn,
and all articles were sorted into the different categories. Each of the defined categories were
later investigated in-depth and main findings are summarized in the latter part of the review.
2.3 Bibliometric Analysis
On the following stage, the bibliometric analysis was carried out using the databases
combined during the previous steps. The leading software used during this process was
BibExcel due to convenience of importing data exported from Web of Science, and various
tools provided to conduct an extensive and in-depth data analysis. At first, the data was
systematically organized, and a number of different OUT-files were created. In principle,
the primary analysis was to investigate the information on the authors' names, titles of the
articles, years of publications, keywords used and regions where the authors were located.
After that, references and networks were investigated separately. Because of the
complexity of BibExcel, a paper by Persson, Danell, and Schneider (2009) has been used
as a manual for running the process of analysis.
As can be seen from the table 4, J.Sarkis dominates the list of total papers published. Out
of 30 papers presented by him, most were focused on Industrial Engineering and
Operations Research. Some of the papers were co-written with the second most
contributing author Q.H. Zhu, who is mainly studying the GSCM practices in the Chinese
originations and Asian market.
Table 4 Five authors contributed the most to the topic investigation
Author
Sarkis, J.
Zhu, Q. H.
Govindan, K.
Jabbour, A. B. L. D.
Jabbour, C. J. C.

Number of articles published
30
19
17
12
12

One more part of systematic literature analysis is the geographic distribution of knowledge
and the research conducted on the topic. The distribution of the papers across the globe
was systematized and is presented in table 5.
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Table 5 Organizations contributed to research and their locations
Geographical Region
Europe
Northern Europe
East Europe
Western Europe
Northeastern Europe
Southern Europe
North America
United States
Canada
Asia
South Asia
Southeast Asia
Western Asia
Middle East
Oceania
South America
Africa
Sub-Saharan Africa
Northern Africa
Rest of the World
Total

Number of papers
136
25
8
77
3
23
56
46
10
216
33
19
25
139
21
24
3
2
1
18
474

Contribution, (%)
28,69
5,27
1,69
16,24
0,63
4,85
11,81
9,70
2,11
45,57
6,96
4,01
5,27
29,32
4,43
5,06
0,63
0,42
0,21
3,80
100,00

As can be seen from the table 5, most of the papers come from the Asian region (45 %), in
particular from countries from the Middle-East. The next most contributing region is Europe
totaling approximately 30 % of the 474 articles. In general, three of the most contributing
research centers are the Dalian University of Technology, the University of Southern
Denmark and Islamic Azad University (Table 6).
Table 6 Top three the most contributing universities
Name of the University
Dalian University of Technology
University of Southern Denmark
Islamic Azad University

Location

Number of Papers

Dalian City, China
Odense, Denmark
Tehran, Iran

12
11
9

The data on the geographic distribution was also visually analyzed using GPS mapping
tools. Figure 4 shows the map of the locations of the research origins. The size of the circles
is equivalent to the contribution level of each research center. As it can be seen, the United
States of America, China, and Western Europe can be characterized by the higher density
of contributing organizations. Looking at figure 4, it could reasonably be stated that the
research on the topic of GSCM has been carried out all over the globe.
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Figure 4 Geography of contributing parties

Finally, the data was reviewed to investigate the keywords and identify the authors who
most frequently use them in their articles. The information collected has been evaluated
using the frequency tools, and the list of the top twenty keywords named in the papers are
presented in table 7. The most repeated words are “performance,” “management” and
“model.” Moreover, there some specific terms used like “environmental management,”
“sustainability” and “green” that are indicators of the important focus of the articles on the
topic of GSCM.
Table 7 The most frequent keywords
Key Word
”Performance”
”Management”
”Model”
”Industry”
”Impact”
”Environmental-management”
”Framework”
”Perspective”
”Sustainability”
”Reverse logistics.”

Frequency
163
109
96
93
72
69
66
63
57
47

Key Word
”Implementation”
”Logistics”
”Design”
”Management-practices”
”Green”
”Selection”
”Integration”
”Competitive advantage”
”Firm performance.”
”Initiatives”

Frequency
41
41
39
35
35
34
33
32
31
31

2.4 Network analysis of publications
In the following part of the work, a network analysis of the data sample is studied using the
visualization tools. Although many software can be used for this kind of analysis, Gephi was
opted for because of the various guidelines available, and compatibility with BibExcel
applied on the previous steps. Firstly, the information on the citations used in all 474 articles
was edited and converted to the “.net” format and imported to Gephi. Gephi is open-source
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software for network visualization and analysis. It allows investigating patterns and trends,
highlights outliers and uses a 3D render engine to display large graphs in real-time (Gephi,
2018). The primary citation analysis showed that only 228 papers out of 474 had cited each
other. The remaining 228 are connected through 14 996 different links between each other
and explore the evolution of topic over time. The results of mapping the leading authors on
the subject during three periods: (1) 2008-2012; (2) 2013-2015; (3) 2016-2018 are
presented in appendix 1, figure1-3.
After running the modularity statistics and getting the results, four different classes were
identified. As it is visually represented class three includes the most significant number of
articles, 47,71% of the whole data sample. The list of the most highly cited papers in each
of the four clusters can be seen in Figure 5. Further, the undirected PageRank tool was
applied. This tool ranks nodes “pages” according to how often a user following links will
non-randomly reach the node “page.” Therefore, the diagram in Figure 5 lists the articles
according to the results of their PageRank. SciMAT software was applied as well to
investigate the leading authors and clusters evolution over time with results presented in
appendix 1. After the analysis has been done, the most cited articles in each class have
been studied to understand the main topics they were focused on and what are the potential
research gaps to be addressed in this research.

Figure 5 The map of the nodes in four clusters
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Modularity classes

Class 3

Class 0

Class 1

Class 2

(Zimon, 2016)
(Zhu and He, 2017)
(Zhu, Tian, and Sarkis,
2012)
(Zhang, Zhang, and Tang,
2017)
(Xie and Breen, 2012)

(Zhu et al., 2008)
(Zhu, Sarkis, and Lai, 2012)
(Zhu, Sarkis, and Lai, 2008)
(Younis, Sundarakani, and
Vel, 2016)
(Yu et al., 2014)

(Zhu et al., 2017)
(Wu et al., 2015)
(Vijayvargy, Thakkar and
Agarwal, 2017)
(Sellitto, 2018)

(Cheng and Sheu, 2012)
(Cheng, 2011)
(Cheng, Yeh and Tu, 2008)

Effects of GSCM practices
on company performance

GSCM in emerging
economies

Trust and knowledge
sharing in GSCM

GSCM practices

Figure 6 The map of modularity classes and the top PageRank articles

Systematic literature review analysis helped to identify the most influential articles in the
broad and highly researched topic of GSCM. All four classes will be discussed and
compared in the rest of this chapter with the greater emphasis placed on the first two classes
to develop a holistic understanding of the research topic (see figure 7).

Figure 7 Identified research streams in GSCM

Even though many studies have reported the importance of GSCM and eco logistics in
creating a strategy for the company (e.g. Zimon, (2016); Zhu, Tian and Sarkis, (2012); Xie
and Breen, (2012)), a generic framework for embedding the environmental principles in
managing supply chains has not yet been developed. Majority of authors see GSCM mostly
through the context of standardized quality management systems, such as ISO 9001 and
ISO 1400 (Zimon, (2016); Xie and Breen, (2012)). On the other hand, the papers from the
second cluster are discussing the environmental sustainability from the perspective of trust,
inter-organizational relationships and knowledge sharing (Cheng and Sheu, (2012); Cheng,
(2011); Cheng, Yeh, and Tu, (2008)).
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In one of his most cited papers Zimon (2016) has outlined the step-by-step process of
establishing a shared vision of quality and GSCM. Besides the quality management
systems, the author highlights the various tools that can eliminate overproduction and
reduce the number of deficiencies (i.e., Just in Time, HEIJUNKA, JIDOKA, KANBAN,
POKA-YOKE, 5S or ANDON). Another highly referenced paper by Zhu, Tian, and Sarkis,
(2012) identifies and explores the influence of innovation and imitation on GSCM practices
diffusion in a developing country. In this paper, the indicators of GSM practices as in the
article by Zimon, (2016) are ISO 14001 and eco-labeling (China’s environmental label).
The initiative to implement the environmental sustainability in SCM can emerge from
different units: manufacturer, wholesaler/logistic provider, GP, community, customer, etc.
The channel coordination problem in a green supply chain has been outlined by a number
of researchers (e.g. Zhang, Zhang and Tang, (2017); Xie and Breen, (2012)). Four
environmental practices are suggested by Xie and Breen, (2012) to be implemented if the
initiator of GSCM is manufacturer such as top management commitment, supplier
certiﬁcation and cooperation, customer cooperation, and eco-design.
Much research has been conducted exploring the effects of GSCM practices on company
performance (Zhu et al., (2008); Zhu, Sarkis and Lai, (2012); Zhu, Sarkis and Lai, (2008);
Younis, Sundarakani and Vel, (2016); Yu et al., (2014)). For instance, Younis, Sundarakani,
and Vel, (2016) in their study were investigating the implementation of GSCM practices and
their impact on corporate performance. The analysis has proven that green purchasing and
environmental cooperation were found to have a remarkable effect on the operational
performance of the company. A similar study has been made by Zhu, Sarkis, and Lai,
(2008). In their paper, the authors were exploring the constructs of and the scale for
evaluating GSCM practices implementation among manufacturers. In other research, Zhu
et al., (2008) have adopted a slightly different approach. The study was focused on the
investigation of the relationship between the level of GSCM adoption by manufacturers and
companies of different organizational sizes. The findings show that medium-sized and large
organizations are further along in implementing environmental practices. A similar study by
Vijayvargy, Thakkar, and Agarwal, (2017) investigates the impact of organizational size on
the adoption of GSCM practices. The results indicate that out of 21 practices, medium-sized
organizations have adopted GSCM practices at a similar level compared with large
organizations.
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Some research is devoted to GSCM in developing economies (e.g., Vijayvargy, Thakkar,
and Agarwal, (2017); Zhu et al., (2017)). Based on the survey results, Zhu et al., (2017)
have been investigating if smaller manufacturers in developed countries are more proactive
than all manufacturers in developing countries. On the other hand, Wu et al., (2015),
examined the Vietnamese automobile manufacturing industry GSCM practices using the
combined fuzzy set theory and the Decision-Making Trial and Evaluation Laboratory
(DEMATEL) method. A new research model to explore the factors inﬂuencing knowledge
spreading and absorbing process within company relationships was presented in the paper
by Cheng (2011).
Majority of papers on the topic identified during the systematic literature review are primarily
focused on the industrial sector and manufacturer’s perspective (Zimon, (2016); Zhu and
He, (2017); Zhu, Tian, and Sarkis, (2012); Xie and Breen, (2012)). Since the time Toyota
first pioneered its cutting-edge “Lean production system” in the 1930s (Toyota Global Site,
2015), automotive supply chains have been trailblazers in embedding the innovative
strategies of SCM. For instance, a case study of automotive supply chains has been
presented in the paper by Zhu and He, (2017), that applied game-theoretic approach, a
mathematical modeling research method, to investigate the green product design issues in
supply chains under competition.
Mathematical modeling has been used in work by Zhang, Zhang, and Tang, (2017) as well,
while other articles were using case study methods (Zimon, (2016); Xie and Breen, (2012)).
In addition, the survey data analysis is the most widely applied research method in the
articles aiming to investigate the effects of GSCM practices on performance (Yu et al.,
(2014); Zhu et al., (2008); Zhu, Sarkis and Lai, (2012)). Apropos of the research area, the
authors were studying the cases from different parts of the world, but primarily were focused
on Chinese market and EU region (e.g. Zhu, Tian and Sarkis, (2012); Zhu et al., (2008)). A
different approach has been proposed by Sellitto, (2018), who applied quali-quantitative
modeling for the assessment of GSCM implementation in two industrial SC: footwear
industry and the metal-mechanics industry.
The figure 7 presents the summary of the primary research streams in GSCM identified
during literature review. These focus areas are the theoretical basis of later research and
measurement instrument development.
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3 SUPPLY CHAIN MANGEMENT IN CONSTRUCTION
In general, any construction project follows similar stages that can be more complex and
resource-intensive or more bureaucratic and idea generating. Assuredly, it is vital to analyze
construction supply chain management, its actors, processes, flows of information,
finances, and materials, prior to development of relevant measurement instrument to
assess the effect of GSCM on performance. For this purpose, the main stages of the
construction process will be further discussed in this chapter with a particular emphasis on
the functions of the stakeholders involved. The results will ideally become a base for future
methodology development as each part of the process will be investigated from different
angles, and approaches. The simplified construction project lifecycle, each stage of which
will be discussed in this chapter, is presented in figure 8.

Figure 8 Construction Supply Chain (adopted from Balasubramanian and Shukla, (2017))

3.1 Pre-construction Stage
The production of building moves through some stages that involve various members of
supply chain. When embarking on a construction process, stakeholders are entering into a
significant commitment to sharing various resources. The project management of
construction has a lot in common with other project management tactics. The proper client
management is crucial to ensure that the needs and desires are precise and the future
outcomes will meet the requirements guaranteeing a clients’ satisfaction. Therefore, a
clients’ decisions in setting up the project can affect the future project performance
significantly. The client of a construction project can be defined as an organization
responsible for the development of the building. It might be an organization that corresponds
to the possible future occupiers (i.e., private company) or company developing premises on
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behalf of current or prospective tenants (i.e., local authorities, developers) (Bresnen and
Haslam, 1991). Although the client plays the most significant role during the preconstruction stage, it has been emphasized that all stakeholders should be opened to new
alternative solutions to assure that better results will be delivered (Smith, Love, and Wyatt,
2001).
The primary deliverables during this stage are the decisions on (1) initial budget of the
project; (2) timing of the project (tentative schedule); (3) design requirements; (4) location
of building; (5) logistics; (6) performance criteria and other requirements needed to establish
the general aspects of the project. Conceptual planning terminates short of detailed design,
although a significant amount of preliminary architectural or engineering commitment may
be necessary (Sears et al., 2015, pp.6-7). As per Yu et al., (2010), there are some
constrains to be avoided while managing the pre-construction stage. Firstly, the lack of a
comprehensive client project briefing might lead to misinterpretation of the needs and wants
of the end users. Secondly, inadequate engagement of the client in the preparation process
might lead to the later conflict of interest. This limitation is in line with the concept of Strategic
Needs Analysis discussed by Smith, Love, and Wyatt, (2001), highlighting that the client
group should ideally include decision makers from different levels such as owner, executive,
project managers, residents, tenants, etc. The last limitation is the incorrect timing of
increasing requirements by main building project stakeholders.
The project location is essential not only from the perspective of constraints during the future
construction phase and the safety of project development but also regarding the presence
of necessary infrastructure for future tenants such as a hospital, school, etc. Often there
are more than one possible site locations available and the parties (consultants and experts
in the field) involved during this stage are responsible for the selection of the most suitable
location based on (University of California, 2015): (1) geotechnical reports (includes
information about the soil compositions, geologic conditions at the project site); (2)
hydrology studies (includes depth to groundwater, debris flows, surface water drainage
patterns, etc.); (3) land surveys (includes project boundaries, roads, trees, etc.); (4) building
analysis (includes analysis of the suitability of the future building for the proposed use); (5)
surveys of existing hazardous materials (includes inspection of the site/s for investigation
of the presence of asbestos, old fuel tanks, etc.).
The future building project must meet the laws and regulations existing on local, national
and international levels. On the one hand, the regulations on the land ownership must be
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considered such as Land Use and Estate Laws; Public Property Laws, etc. On the other
side, preparation of documents related to the project plan approval usually is a timeconsuming procedure that must be undergone before the actual construction starts. One of
the critical phases of the pre-constraction stage is the project design. Based on the vision
and information gathered from client and other stakeholders, the parties can decide on the
preferred design from an economic, social and environmental design perspective. As long
as the choice and selection of a particular design at the outline proposal stage are made,
architects can propose the preliminary designs (Bragança, Vieira and Andrade, 2014). As
the design is often refined during the pre-construction phase, close communication with the
client is vital to ensure high clients’ satisfaction. As soon as the owner approves the project,
it enters the next phase.
During the last phase of pre-construction stage, the main contractor is to be selected
through the tendering process. There are three types of tender in construction industry: (1)
open tender (all interested contractors are invited to submit tenders); (2) restricted tender
(only invited/selected contractors are allowed to bid the tender); and (3) negotiated tender
(client consults the chosen contractors and negotiates the term of contract with them).
Assessment is the most crucial stage in tendering processes. Thus all tenders received
must be analyzed to select the most eligible and most qualified contractor (Mohemad et al.,
2010). Construction tendering procedures in the European Union requires a notice to be
announced in the Official Journal of the European Union (OJEC, 2018).
3.2 Construction Stage
After the main contractor is selected and the contract is signed, the next part of the project
starts. During the construction stage, the construction works are executed as defined in
project designs and blueprints according to the agreed costs, schedules and specified
quality levels (Gahlot, 2007, p.8). The main/general contractor will act as a constructor
and/or a coordinator of a large number of subcontractors or specialty contractors such as
mechanical or electrical contractors. They perform the work in their specialties, i.e.,
electricians, framers, concrete workers (Hendrickson and Au, 1999, pp.13-14). In some
cases, the main contractor performs all operations itself. Subcontractors can work during
the whole project or deliver output in stages. This phase includes some interrelated activities
and disruption of any of them can lead to disruption of the entire process. The construction
stage is the most resource-intensive part of the project (Gahlot, 2007, p.8). Therefore, the
supply process must be carefully considered and carried out in a planned manner to avoid
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any process interruptions. Suppliers play an essential role in a construction project since
the conditions of delivery of materials and equipment affect the quality, cost, and timely
fulfillment of the project (Hendrickson and Au, 1999, pp.13-14).
3.3 Post-Construction Stage
After the construction of the building is finished, identified deficiencies are addressed,
building systems are balanced, the final commission of the project will be organized. If the
project is large, the commissioning might be done in several stages (Gahlot, 2007, p.9).
Handover is the process of the delivery of the project to the client. It is the transition step
between the completion and operation phases. The next stage of the process includes the
occupation and usage of the building as initially planned during the design phase. Feedback
collection is also an essential side of the process as it can lead to future improvements in
construction processes based. The complete lifecycle of the construction project also
includes the demolishing and re-use stages. The project enters this phase in certain
circumstances, i.e., building weakness, market conditions, tenants’/owners’ demand. The
demolishing process has to follow specific regulations and standard practices.
3.4 Construction Life Cycle Assessment (LCA)
The essential part of the analysis of SCM in the construction industry is related to the
assessment of project life cycle. The post-construction or the use stage contributes up to
90% of the total environmental burdens, because of the energy consumed for heating
and/or cooling (Buyle, Braet and Audenaert, 2013). Therefore, the analysis of the
environmental impact of the construction project and proposed recommendations on
embedding sustainability in SCM should cover the whole construction life cycle from idea
generation to demolishing. Currently, limited research has been conducted on the
assessment and analysis of full life cycle of a building, while some investigation has been
made on studying LCA impacts of materials, transport, and construction processes (Sandin,
Peters and Svanström, 2014; Russell-Smith and Lepech, 2015), demolition waste
management (Mercante et al., 2011; Butera, Christensen and Astrup, 2015), innovation
technologies (Guo, Li and Skitmore, 2010). In this study, the aim is to extend the boundaries
of analysis and develop measure instrument that would incorporate not only preconstruction, construction stages but assess the impact of all phases of building project life.
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4 DEVELOPING A MEASUREMENT INSTRUMENT FOR GSCM
The comprehensive review of the literature on GSCM, covering current trends in the field,
shows that existing frameworks that define the most common GSCM practices and their
impact on the economic, social and environmental performance of the company are not
directly applicable for analysis of GSCM in the building sector. In the previous chapter, the
stages, flows, and members of the construction supply chain have been identified. This part
of the thesis discusses (1) conceptual model of GSCM in construction; (2) GSCM practices
that could be implemented on each stage of construction supply chain; (3) barriers that
prevent implementation on GSCM practices; (4) drivers that initiate implementation of
GSCM practices; (5) impact of GSCM practices on company performance.
4.1 Conceptual model of GSCM in construction
Many research studies in the field of SCM (Youn et al., 2011; Zhu, Sarkis and Lai, 2012a; Mitra
and Datta, 2014; Das, 2017; Tortorella, Miorando and Marodin, 2017) are following the similar
conceptual approach of “SCM practices and their impact on company performance.” In this
thesis the same framework is implemented based on existing research in the field and covers
(1) the primary constructs of GSCM practices encompassing economic, environmental, and
social dimensions (TBL), (2) constructs of GSCM performance measures and (3) constructs of
drivers and barriers that effect GSCM implementation in the company. The conceptual model
of this thesis depicting the impact of GSCM on the sustainable performance of the firm is
presented in figure 9 and will be further discussed in the following part of the chapter.

Figure 9 The conceptual model of GSCM in construction
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4.2 GSCM Practices
Green supply chain practices are activities performed in the companies to lessen the
adverse environmental, social and economic impact related to their operations. The main
GSCM practices in construction industry identified based on the existing literature review
and included in the conceptual model of this thesis, are:
•

Green Strategy;

•

Green Design;

•

Green Procurement;

•

Green Construction;

•

Green Transportation;

•

Green Monitoring.

At the same time, it should be noted that the relevance of those green practices varies for
each construction chain member. This matter will be addressed during discussion of
proposed sustainable practices.
4.2.1 Green Strategy
Building companies and other members of construction supply chain are faced with
increasing pressure to reduce the negative impacts of their activities and incorporate
environmentally sustainable strategies in their businesses (Labuschagne and Brent, 2005;
Akadiri and Fadiya, 2013). A green strategy essentially helps a firm to make grounded
decisions that have a positive impact not only on the business but on the environment. The
principles that determine the basis of a green strategy should direct the business to make
decisions based on solid business reasoning and make good business sense (Olson,
2008).
The best practices that support a green strategy establishment in the company are (1) lead
by example (leadership support and coordination); (2) training provision (refreshing training
and new hire training); (3) appropriate tools installation (i.e., video conferencing, recycling
receptacles); (4) performance measuring and reporting; (5) shared responsibility
(responsibility at all levels of the company); (5) communication and change management
plan in place (Olson, 2008). On the other hand, taking into consideration the value
management approach, Abidin and Pasquire (2005) have identified the sustainability
principles as showing concern for people by ensuring they live in a healthy, safe
environment; taking long-term perspective and safeguarding the interests of future
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generations, combating poverty and social exclusion; respecting environmental limits. The
strategy pyramid influenced through a green strategy is presented in figure 10.

Figure 10 Green strategy pyramid (Olson, 2008)

Although it is crucial to promote the sustainable development mission within the company,
the decision makers will be most likely to actively engage in developing these green
practices only if they perceive that this cognition can support them in achieving
competitiveness in the market (Zhang, Shen and Wu, 2011a). In this context, it is also
important to indicate that the effective communication on the environmental issues between
all layers of subcontractors can ensure that green strategy is implemented not only within
the company boundaries but across the whole supply chain (Shen and Tam, 2002; Adetunji,
Price and Fleming, 2008). The “Green Strategy” was measured using five items adapted
from different literature sources (see table 8).
Table 8 “Green Strategy” practices constructs
Measurement Items

Key references

GS1 Stating clearly the environmental goals in the business strategy
GS2 Evaluating the benefits and costs of the project to society and
environment
GS3 Effective communication on the environmental issue between all
layers of subcontractors
GS4 Inclusion of environmental management in tendering requirements
GS5 Top-management commitment to sustainability

(Edvardsson, 2007)
(Abidin and Pasquire, 2005)
(Shen and Tam, 2002);
(Adetunji, Price and Fleming,
2008)
(Akadiri and Fadiya, 2013)

The developed and implemented green strategy inherently leads to ‘greening’ of decisions
on SCM that consequently have a positive impact on the environment and society. The
clear vision and understanding of the mission can not only contribute to the positive financial
performance of the firm but to develop a strong sense of unity, mutual responsibility, and
strategic vision among the workers. Hence, the following hypothesis was posited:
H1: Green Strategy developed and implemented has a positive impact on a firm’s
sustainability performance.
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4.2.2 Green Design
The energy-efficient buildings are designed with an aim toward reducing heating, cooling
and lighting energy consumption and lifecycle matters: fabrication of materials,
construction, maintenance, and waste treatment (Peuportier, Thiers and Guiavarch, 2013).
The green design practices are the most relevant for the pre-construction stage in which
architects and consultants are the primary stakeholders. Nevertheless, often the
customer/end user has the most power in the future design decision-making process. The
green design of construction project that takes into consideration the energy consumption,
water consumption and other aspects of future operating costs of the house is vital for LCA
of the project. The principles of green architecture are implemented in the new type of
environmentally friendly houses – an Eco-house - which can be defined as a house that
has a low impact on the environment, consumes less energy and is constructed using the
eco-friendly material and technology. Although the green building design topic and Ecohouse concept are gaining much attention in the recent years, they are still considered niche
markets. The reason for niche market status is that the designs of eco-houses are hard to
standardize as they can require the installation of a variety of unique features and
technologies (Maruejols, Ryan and Young, 2013).
A different perspective can be adopted to investigate how sustainable building design is –
from the viewpoint of green building rating systems. Currently, various existing green
building rating systems that aim to identify the environmental performance (EP) of the
building design include (Retzlaff, 2008; He et al., 2018): LEED (United States and Canada),
BRE Environmental Assessment Method (United Kingdom), GS (Australia) ASGB (China),
Comprehensive Assessment System for Built Environment Efficiency (Japan), Green Mark
Scheme (Singapore), DGNB (Germany), etc. The central three green building rating
systems were selected for later comparison to give more details on what are the categories
that were investigated to evaluate the sustainability of the building design are LEED, Green
Star, and BREEAM. The overview of the classes is presented in Table 9.
Moreover, figure 11 shows the comparison of the different weighting categories of the
selected rating systems. As can be seen, the most significant focus area is the sustainable
energy category followed by indoor environmental quality, materials and project location.
These categories will be included as constructs of the later developed and applied
measurement system.
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Table 9 The weighing systems of LEED, Green Star and BREEAM (Abd El-Hameed, Mansour, and
Faggal, 2017; BREEAM, 2016; He et al., 2018b)

LEED V4 (the United
States and Canada)

Category
Weighting,
%

Green Star (New
Zealand)

Location and
transportation

17

Sustainable sites

10

Water efficiency
Energy and
atmosphere
Material and resources
Indoor Environmental
Quality

11

Indoor environment
quality
Energy

33

Management

Category
Weighting,
%

BREEAM
(United
Kingdom)

Category
Weighting,
%

14

Management

12

17

Energy
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22

Water

11

Transport

10

Materials

8

13

Water

12

Pollution

6

16

Materials

14

Waste

3

6

Health and
Wellbeing

17

Land use and
ecology
Emissions

5
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Green Star (New
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Water
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Kingdom)

Location and
transportation
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environment
quality

Figure 11 The weighing systems of green building rating systems comparison

“Green Design” was measured using eleven items adapted from different literature sources
(see table 10). Important to highlight that according to research organized by the World
Green Building Council (WGBC, 2010), it is possible to attach a financial value to the cost
and benefits of green buildings due to the number of reasons. Firstly, the design and
construction costs of green building have decreased significantly in the recent years.
Moreover, the legislation on sustainable construction became stricter. Thirdly, the supply
chain for durable material and equipment matured. Fourthly, the level of knowledge and
awareness about environmental issues among investors, shareholders, and final customers
increased influencing the market. Fifthly, the results of the analysis reveal that workers can
become more creative and productive, and tenants can become healthier if they inhabit
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green buildings. Lastly, the sustainability risks can affect the rental income and the expected
value of real estate assets severely. Thus, green building design has also a positive impact
on risk mitigation.
Table 10 “Green Design” practices constructs
Measurement Items
GD1 Environmental impact assessment of design
GD2 Consideration for flora and fauna populations
GD3 Provision for natural lighting
GD4 Provision for wastewater recycling
GD5 Consideration for energy efﬁcient (EE) lighting system
GD6 Consideration for EE heating system
GD7 Consideration for EE automation systems
GD8 Consideration for EE ventilation and air conditioning systems
GD9 Consideration of materials with high recycled content and low
embodied energy
GD10 Consideration to reduce the use of hazardous materials
GD11 Consideration methods and materials for noise control/noise
reduction

Key references
(Zhang, Shen and Wu, 2011a)
(Mayrand and Clergeau, 2018)

(Zhang, Shen and Wu, 2011a);
(Tam et al., 2006);
(Balasubramanian and Shukla,
2017)

(Tam et al., 2006)

Various green architecture initiatives implemented in the design of the future buildings such
as energy efficient lighting system, energy efficient heating system, energy efficient
automation systems and others are aimed at negative footprint reduction. Besides, the
green design might be considered as more attractive by customers. Hence it might lead to
higher demand in the construction market and consequently to higher profitability. On the
other hand, the considered waste management systems can contribute to the material
savings and less waste generated. Moreover, the modern Eco-house architectural design
is usually considered as more modern, smart and stylish improving the company’s image
because of the enhanced aesthetics of the final building and surrounding area. Hence the
following hypothesis was proposed:
H2: Green building design has a positive impact on a firm’s sustainability performance.
4.2.3 Green Procurement
Green procurement has become a sizeable cross-disciplinary area of the research that
includes various topics such as eco-labeling (Bratt et al., 2012), supplier selection (Igarashi,
De Boer and Michelsen, 2015; J.K. Roehrich, Hoejmose and Overland, 2017), green public
procurement (Igarashi, De Boer and Michelsen, 2015; Rainville, 2018), knowledge sharing
(Kai, Wei and Meng-Lin, 2014), LCA (Butt, Toller and Birgisson, 2015), etc.
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The green, sustainable material, service or product have a minimal negative overall impact
on the environment if compared with similar standard product or service (Bohari et al.,
2017). The negative effect related to purchasing is often associated with carbon dioxide
emission generate during product usage, high water or energy consumption during the
manufacturing process, negative impact on the health and other aspects of the human
environment. Another important aspect of the green procurement is in boosting of demand
for green, sustainable products, services, and materials manufacturing, innovation, and
development. Green procurement adoption increases knowledge about the sustainable
practices and processes spreading on the market. In the construction industry, green
procurement practices consider the whole lifecycle of the product starting from the raw
material produced, its transportation to the site, packaging used, warehousing and later
disposal (Wong, Chan and Wadu, 2016). Furthermore, the green procurement is relevant
to the pre-construction, tendering stage as well as to construction stage. Many researchers
consider the close collaboration with suppliers, sharing the knowledge and requirement to
obtain necessary environmental certification as an essential part not only green
procurement but green strategy. The “Green Procurement” practices are measured using
four items adapted from different literature sources (see table 11).
Table 11 “Green Procurement” practices constructs
Measurement Items

Key references

GP1 Environmental criteria are included in material purchase decisions

(Adetunji, Price and Fleming,
2008); (Ofori, 2000)

GP2 Information sharing with suppliers regarding the technological
developments relating to their operations
GP3 Require suppliers to disclose information about their
environmental practices
GP4 Require suppliers to obtain certification of their environmental
management systems

(Ofori, 2000)

The material costs share the most significant part of the overall project construction
expenses. On the other hand, the materials selected must meet not only price but the quality
criteria as well. The choice of the future supplier, building long-term win-win relationships
and working closely on effective partnerships can have an extraordinary impact not only on
the project costs reduction and improvement of the firm's image, but may also contribute to
enhanced environmental impact of the whole construction supply chain. These led to the
proposition of the following hypothesis:
H3: Green procurement practices have a positive impact on a firm’s sustainability
performance.
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4.2.4 Green Transportation
The vast majority of researchers associate the negative side of transportation activities of
construction primary with GHG emissions (Wong et al., 2014; Hong et al., 2015; Zhang and
Wang, 2016; Balasubramanian and Shukla, 2017b). GHG emissions are generated during
(1) material transportation, (2) equipment transportation and (3) staff transportation (Hong
et al., 2015), and among them, the building material transportation has the most significant
impact on nature. Building materials can be transported by rail, road, and sea (Zhang and
Wang, 2016). The emissions amount depends on the transportation method, the average
transportation distance, and the weight of the building materials. The same study by Zhang
and Wang, (2016) revealed that CO2 emission from transportation via road shares the most
significant part of the CO2 emissions in building materials’ transportation stage. The reason
behind popularity of this mean of transportation is the increasing demand for a method with
the highest efficiency, mobility, and flexibility that road transport offers.
In the paper by Evangelista, Santoro and Thomas (2018), the authors were discussing the
energy efficiency in road freight transport based on a comprehensive literature review and
revealed the importance of implementation of the number of energy efficiency actions such
as eco-driving, vehicle efficiency, collaborative actions with another supply chain members,
etc. According to the current research, the environmental sustainability in transportation can
be achieved in different ways. Firstly, fuel-efficient vehicles can be utilized to reduce the
negative environmental footprint. On the other hand, considering the emissions generated
while transporting employees can be cut if video conferencing will be used rather than faceto-face meetings. One more reasonable solution would be public or shared means of
transportation as alternatives to personal transport. Lastly, the accommodations of staff can
be organized near project sites to decrease staff transportation impacts (BRE, 2003).
“Green Transportation” was measured using four items adapted from different literature
sources (see table 12).
Table 12 “Green Transportation” practices constructs
Measurement Items
GT1 Provision of accommodation to employees near project sites
GT2 Employees are encouraged to use shared transport and public
transport
GT3 Materials are transported in full truckload quantities
GT4 Materials are transported in fuel efﬁcient vehicles

Key references
(Balasubramanian and Shukla,
(2017); (Zhang and Wang,
2016); (BRE, 2003)
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Both large and small construction projects include the logistics and transportation stages
usually related to the process of materials and equipment delivery to the site. In the
European market, much attention is placed on the reduction of the carbon emissions to the
atmosphere produced from transportation processes. Considered allocation, means of
transportation and fuel selection can reduce the costs of the building project, while the
influence on the environment is particularly notable. Ultimately, there might be a relationship
between a firm's image enhancement and green transportation. Hence, the following
hypothesis was proposed:
H4: Green transportation practices have a positive impact on a firm’s sustainability
performance.
4.2.5 Green Construction
During the construction phase of the buildings' development, most of the resources used
are non-renewable and have a negative impact on the nature. The team efforts on-site
determine how efficient the environmental management is. That includes engagement and
support from the developer, main contractor and other parties involved (Tam, Tam, and
Tsui, 2004). Ensuring the water quality control on the construction site is critical. According
to CIRIA report (1999), anything that can potentially pollute water, for instance, muddy
water, has to be blocked from water drainage surface. Therefore, the water recycling system
installation, as well as monitoring of water usage and wastewater collection during the
construction process, are recommended.
To ensure the sustainability of the construction process managers are required to consider
the workers' health and safety, the health of occupants, and community disturbance.
Moreover, consideration of the methods and materials for noise control and reduction during
construction of the building is critical along with the using of prefabricated components that
contributes to reduction of amount of on-site construction activities and construction
duration. Consequently, the nuisance factors such as light pollution, dust and other
pollutants negatively affecting the wellness of the nearby community must be carefully
considered (Chen, Okudan, and Riley, 2010; Zhang, Shen and Wu, 2011).
According to the study by Chen, Okudan, and Riley (2010) the effective waste conversion,
reduction of the material consumption, and recyclability possibility contributes effectively to
the reduction in energy consumption and negative environmental footprint. The most
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considerable part of construction processes is carried out at the manufacturing plant, where
strict control of quantities of constituent materials is possible, and waste materials are easer
to be reused. As a result, the amount of waste can be significantly eliminated. Tam et al.
(2007) acknowledge that prefabrication might contribute to the reduction of waste arising
from plastering by 100%, timber formwork by 74-87%, and concrete works by 51%–60%.
Construction supply chain members are held accountable to enhance their EP by setting
and accomplishing their environmental goals. Better EP during the construction phase of
the project can also be achieved by employing automated technologies at the project level.
Consequently, construction automation and robotics should be used to reduce the negative
environmental impacts and be considered as a construct of green practices implemented
by managers (Qi et al., 2010; Pan et al., 2018). “Green Construction” was measured using
nine items adapted from different literature sources (see table 13).
Table 13 “Green Construction” practices constructs
Measurement Items
GC1 Provision for waste water recycling at project/manufacturing site
GC2 Use of prefabricated components in projects
GC3 Implementation of comprehensive waste abatement plan for
project/manufacturing sites
GC4 Implementation of comprehensive material saving plan
GC5 Implementation of comprehensive land saving plan
GC6 Automation is used for onsite construction/manufacturing activities
GC7 Fuel efﬁcient equipment/machinery is used at
project/manufacturing site
GC8 Investment in green equipment and technology
GC9 Consideration methods and materials for noise control/ noise
reduction during construction

Key references
(Zhang, Shen and Wu, 2011a)
(Balasubramanian and Shukla,
(2017)
(Tam, Tam and Tsui, 2004);
(Zhang, Shen and Wu, 2011a)
(Tam, Tam and Tsui, 2004)
(Liu et al., 2006); (Shen et al.,
2005)
(Chen, Okudan and Riley,
2010); (Pan et al., 2018)
(Shi et al., 2013)
(Tam, Tam and Tsui, 2004)
(Ying Liu, Pheng Low and He,
2012)

The longest part of the construction process is the actual on-site works that require much
attention and influential decision-making processes. Much can be done by the contractor to
improve the sustainability of the project. The wastewater recycling provision, as well as
implementation of the comprehensive material saving plan and land saving plan, can have
a positive impact on the sustainability performance of a company on construction site. The
actions such as noise control during construction, advanced green technologies used and
other might lessen the community disturbance and the associated costs and duration of the
project. Therefore, the following hypothesis was proposed:
H5: Green site construction practices have a positive impact on a firm’s sustainability
performance.
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4.2.6 Green Monitoring and Improvement
Nowadays there are many environmental management systems implemented in the
companies around the globe. Among them, ISO 14001 is focused on audits,
communications, labeling and LSA, as well as environmental challenges such as climate
change (ISO, 2018). The survey organized by Zeng et al. (2005) has revealed that among
five aspects of benefits of the certification managers see standardization of environmental
management, opportunities for entering the new market and resources saving and waste
reduction as the most relevant. While commitment and support of the senior managers for
environmental management are critical to enhance the internal environmental management
of the company, the special training organized for all workers on environmental issues is
required as well (Zhu et al., 2008).
In a study conducted by Varnäs, Balfors and Faith-Ell (2009) aiming to overview the
application of environmental practices in the Swedish construction industry, the authors
were analyzing the different ways stakeholders monitor and verify compliance with the
construction requirements. The survey has shown that among the alternatives for clients to
control the environmental conditions and procedures practiced during construction work,
the contractor’s self-inspection seemed to be the most prevalent.
The contractor is typically obliged to communicate any errors that occurred during the
project construction. Furthermore, the clients often appeared to trust the contractor to reach
them before the possession of a new product or requesting in another subcontractor.
Nevertheless, the client can alternatively opt for organizing the site inspections to check
that the environmental and other requirements were met. Besides, project meetings are
also often executed. Sometimes, the contractor is required to prepare a statement before
such meetings are organized.
Lastly, the monitoring of the feedbacks, complaints, and suggestions are essential for
improving the environmental impact of the construction process. For instance, the
application of an environmental performance score system (EPS) provides a flexible
standard that enables the communication of a contractor’s EP and initiatives effectively to
the public, magazines and various project parties (Shen et al., 2005). “Green Monitoring
and Improvement” was measured using five items adapted from different literature sources
(see table 14).
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Table 14 “Green Monitoring and Improvement” practices
Measurement Items
GMI1 Implementation of EMS; ISO Certiﬁcation
GMI2 Environmental training
GMI3 Inspections during the construction project
GMI4 Establishing an environmental communications link to receive
environmental complaints and suggestions
GMI5 Reporting the company’s environmental initiatives within
magazines and other media

Key references
(Zhu, Geng, and Lai, 2010);
(Zeng et al., 2005); (Evangelista,
Santoro and Thomas, 2018)
(Zhu et al., 2008)
(Varnäs, Balfors and Faith-Ell,
2009)
(Shen et al., 2005)

The continuous improvement and reflection on the result of the work can reveal the parts of
the process to be improved and the actions that are the most influential on performance.
The improvement practices such as the organization of environmental training for
employees can enhance the social performance (SP) of the firm. Obtaining the relevant
certification can promote the green image and customers’ awareness. Finally, reporting the
company’s environmental initiatives within magazines and other media can build the brand
and the partners’ recognition. Thus, the following hypothesis was proposed:
H6: Green monitoring and improvement practices have a positive impact on a firm’s
sustainability performance.
4.3 GSCM performance
Measurement of the firms' performance in the short-term and long-term is vital for evaluating
the current performance, setting future goals and objectives and improving the managerial
decisions. While the high EP and SP achieved of the company should be included in the
targets of the operational and strategic decision-making process, the assessment of
influence on economic performance (EcP) is crucial for the business growth. Given the fact
that green practices often require significant investments, the excellence only in
environmental performance may result in lower financial performance, and lead to
shareholders’ disapproval of green steps undertaken. The fundamental actions that can
lead to improved triple bottom line performance, although are voluntary, if implemented
wisely, might result in a payoff in the form of achieved competitive advantage on the market
(Porter, 1991). The triple bottom line concept is well recognized concept among academics.
However, there is still no consensus established regarding the selection of the
environmental, social and economic indicators applicable specifically to the construction
industry (Gou and Xie, 2017).
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4.3.1 Environmental performance (EP) measurements
The EP criteria are related to the impact of companies’ activities, or products have on the
nature such as the amount of GHG to the atmosphere, energy and water consumption,
waste produced, and hazardous materials used. The main reason for incorporating GSCM
practices in the company's strategy is that they will result in better EP besides retaining their
suppliers or customers and improving the corporate image (Zhu, Sarkis and Lai, 2007).
Important to highlight that green or sustainable rating systems are mostly building-centered
and do not acknowledge the impact of companies’ internal processes (Gou and Xie, 2017).
Therefore, solely relying on the indicators covered in building environmental assessment
methods might be not enough for comprehensive analysis. The impact of activities during
the construction stage processes and the final building are taken into consideration in this
study. Therefore, the indicators were phrased and addressed to different shareholders that
are competent in seeing the construction process through different lenses.
To sum up, it was decided to partly use the EP criteria that have been developed and
previously tested in the studies by Zhu, Sarkis and Lai (2007) and Balasubramanian and
Shukla (2017b). The “GSCM EP” indicators are presented in table 15.
Table 15 “GSCM EP” practices constructs
Measurement Items
EM1 Number of environmental accidents has declined
EM2 Greenhouse gas emissions have decreased
EM3 Water consumption has decreased
EM4 Energy consumption has decreased
EM5 Landﬁll waste has decreased
EM6 Hazardous material use has decreased
EM7 A company’s environmental situation has improved
EM8 Site disruption has decreased

Key references

(Zhu, Sarkis and Lai, 2007);
(Chen, Okudan and Riley, 2010)

(Chen, Okudan and Riley, 2010)

4.3.2 Economic performance (EcP) measurements
Economic performance associated with GSCM is financial and marketing performance
improvements resulting from executing GSCM practices that lead to improving the firm’s
position compared to the industry average. The financial improvement comprises reduced
costs for energy consumption, minimized cost of handling wastes released and cost savings
from reduced number of environmental accidents (Younis, Sundarakani and Vel, 2016).
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As previously mentioned, it is crucial to ensure the trade-off between the economic and
environmental benefits is met. While two the most significant economic savings from GSCM
practices implementation are associated with the most remarkable construction costs:
decreased energy costs and improved productivity, some construction stakeholders still
express concerns and opposition to adoption of sustainable practices (Ying Liu, Pheng Low
and He, 2012b).
EcP was measured using three items adapted from Green and Inman (2005) The “GSCM
EcP” indicators are presented in table 16.
Table 16 “GSCM EcP” practices constructs
Measurement Items
ECM1 Material expenses per unit constructed/manufactured have
decreased
ECM2 Cost of waste treatment and discharge per unit
constructed/manufactured has decreased
ECM3 Environmental penalties and fines per unit
constructed/manufactured has decreased

Key references
(Green and Inman, 2005)
(Balasubramanian and Shukla,
(2017)

4.3.3 Social performance (SP) measurements
Firms are often interested in their corporate image improvement that potentially leads to
customers' brand commitment and enhanced relationships with supply chain partners. In
this study the Wood (1991) definition of SP has been adopted which defines SP as "a
business organization’s configuration of principles of social responsibility, processes of
social responsiveness, and policies, programs, and observable outcomes as they relate to
the firm’s societal relationships." The academic research in construction industry has
overlooked some aspects of the SP of green practices. For instance, in the often-cited paper
by Balasubramanian and Shukla (2017b) some sides of social performance have not been
addressed (e.g. aesthetics of the architecture). SP variable was measured using five items:
two items were adopted from Shen and Tam (2002) and two from Chen, Okudan, and Riley
(2010). The “GSCM social performance” indicators are presented in table 17.
Table 17 “GSCM social performance” practices constructs
Measurement Items
SM1 The corporate image in environmental performance has improved
SM2 The number of environment-related sickness and injuries has
reduced
SM3 Aesthetic of design has improved
SM4 Community disturbance during construction has decreased

Key references
(Shen and Tam, 2002)
(Chen, Okudan and Riley, 2010)
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4.4 GSCM drivers
Firms implement sustainable practices due to pressures from external and internal forces
as well as an awareness of the consequences of non-compliance with environmental
regulations. Therefore, requirements from government agencies and national/international
regulators often determine the adoption of environmentally responsible practices
(Laosirihongthong, Adebanjo and Choon Tan, 2013). Moreover, if companies are officially
assigned for the ecological protection actions, and there is social support of this movement,
then GSCM practices can be expected to be deployed more rapidly across the supply chain
(Carter, Smeltzer and Narasimhan, 2000).
4.4.1 External Drivers
External drivers refer to the pressures the company faces from outside entities:
governments, supply chain stakeholders, competitors, and clients or end-users/endcustomers (Balasubramanian and Shukla, 2017b). The recent study by Shi et al. (2013) has
shown that construction supervision engineers recognize government policies as the
primary driver for green construction and that industry practitioners are motivated in taking
related voluntary actions. On the other hand, according to Saizarbitoria (2011), customer
pressure is the key external driver for the adoption of EMS, ISO 14001 or other certification.
Moreover, the future tenants (if different from customers) of the building might have a strong
influence on the decision-making process.
Some authors also identify the market competition as an important driver for GSCM
practices. A proactive environmental strategy can improve the firm position in the market
and lead to a competitive advantage achieved through the development of supply
management capabilities (Sarkis, 2003; Walker, Di Sisto and McBain, 2008). Lastly, the
pressure from partners can push the company towards an environmental commitment. For
instance, suppliers can provide valuable ideas that can be utilized while planning or
iconstruction of future project. Furthermore, the pressures can arise from the construction
supply chain members on the higher vertical level of supply chain. The external drivers were
measured using four items and are presented in table 18.
Table 18 “External drivers of GSCM” constructs
Measurement Items
ED1 Government regulations
ED2 Pressure from supply chain stakeholders
ED3 Pressure from competitors
ED4 Pressure from the client

Key references
(Shi et al., 2013); (Zhu et al.,
2005); (Ofori, 2000)
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4.4.2 Internal Drivers
Internal drivers are forces that arise within the company and accelerate implementation of
GSCM practices. Firstly, the personal commitment of individuals in the company has been
observed to be positively related to GSCM improvement. In the research conducted by
Zhang, Shen and Wu (2011) it has been proved that managements’ commitment to
sustainable practices in China has eventually improved the company’s brand image and
pulled high-income stakeholders, which in turn led to obtaining higher selling price levels.
Furthermore, the personal and ethical values of the founder and owner of the company
often circulate through the whole firm and influence the way of thinking within the
organizational boundaries and values perceived by employees. However, not only the top
managers' but middle managers' commitment to sustainability lead to a better EP (Walker,
Di Sisto, and McBain, 2008). In the firm different operations related methods such as six
sigma, material substitution, and closed-loop processesare applied to eliminate the wastes
across the supply chain and increase the value delivered to the customer. These methods,
while often implemented because of the reasons different from environmental impact
reduction, improve not only economic, but environmental performance as well, and be a
strong driving force to GSCM.
The last driver is more relevant to the growing business which seeks to become
international or already operates abroad. In such conditions, it is often required to implement
green practices to fulfill environmental regulatory of foreign government’s requirements as
well as requisites of the international clients’ and partners’ (Balasubramanian and Shukla,
2017b). The internal drivers were measured using four items and presented in table 19.
Table 19 “Internal drivers of GSCM” constructs
Measurement Items
ID1 Improving reputation and brand image
ID2 Environmental commitment
ID3 Cost Reduction
ID4 Internationalization opportunities

Key references
(Shi et al., 2013); (Zhu et al.,
2005); (Ofori, 2000)

4.5 GSCM Barriers
The firm that is considering or already implementing green practices might be facing various
barriers that can be divided into two groups: internal and external. Moreover, some the
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drivers can become barriers (Walker, Di Sisto, and McBain, 2008). For instance, in a
situation where regulations can promote or block GSCM initiatives (Porter and Linde, 1995).
4.5.1 External Barriers
The external barriers can be defined as the obstacles that cannot be controlled by the
organization. Firstly, green practices implementation requires human resources with the
professional experience in the field, and as found in the previous study by Ofori (2000), this
barrier might be the most important for the construction industry.
Secondly, another common barrier for embedding sustainability in managing construction
supply chain is the lack of suppliers' and other partners’ commitment. Moreover, often firms
are opposed to green knowledge exchange because of the risks of opportunistic behavior
and revealing weaknesses that might lead to a loss of competitive advantage on the market.
Nevertheless, nowadays there is a definite trend towards more cooperating partnership that
can lead to win-win results and higher efficiency in the supply chain.
The last two indicators adopted from the literature and used in this study are related to the
customer's attitude toward environmental sustainability. As previously mentioned the
development of green practices, technologies and innovation often require higher financial
investments. If the market does not recognize this initiative, meaning that customers are
not willing to pay for additional construction costs, it can become a critical barrier for a
GSCM practices implementation. The external barriers were measured using five items and
are listed in table 20.
Table 20 “External barriers to GSCM” constructs
Measurement Items
EB1 Shortage of green professionals
EB2 Lack of partners’ commitment
EB3 Inflexible and tight stakeholders’ deadlines
EB4 Lack of buyer awareness
EB5 Pressure for lower prices

Key references
(Shi et al., 2013); (Zhu et al.,
2005); (Ofori, 2000)

4.5.2 Internal Barriers
The internal barriers are the limits that arise within the firm's boundaries and are under
company’s control. Similar to the internal barriers, lack of knowledge in sustainability can
be an obstacle that stops the company from initiation of sustainable action. Moreover, if
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managers are perceiving commitment to sustainability as a trade-off to business profitability
the changes in their attitudes should be regarded as the first and most important step to
reaching the environmental sustainability of firm’s operations. The change in mindsets can
be achieved though specific training as recommended by Bowen et al. (2001) that will help
to overcome the issue of ‘environmental illiteracy.’ The internal barriers were measured
using three items and are indicated in table 21.
Table 21 “Internal barriers to GSCM” constructs
Measurement Items
IN1 Lack of sustainability knowledge
IN2 High costs of implementation
IN3 Lack of training and commitment

Key references
(Shi et al., 2013); (Zhu et al.,
2005); (Ofori, 2000)

To conclude on this discussion, the supply chain is not operating in a completely closed
environment. The influence of the various stakeholders such as NGOs, government,
competitors, suppliers can be positive or negative and rather stop or encourage GSCM
practices implementation. Because the drivers and barriers that construction firms face in
Finnish market have not been investigated in-depth before, this gap will be addressed while
testing the following hypotheses:
H7: External barriers have a negative impact on GSCM practices.
H8: Internal barriers have a negative impact on GSCM practices.
H9: External drivers have a positive impact on GSCM practices.
H10: Internal drivers have a positive impact on GSCM practices.
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5 RESEARCH METHODOLOGY
In the previous chapters, the study commenced with a comprehensive literature review to
gather a necessary knowledge and develop a set of indicators to access the influence of
green construction SCM practices in the firm’s performance. This research aims to identify
the importance of different GSCM constructs in achieving the company’s sustainability. This
study utilized a two-step sequential method of (1) a structured questionnaire survey and (2)
case study analysis.
The green practices in construction project management are well studied in Asian markets,
for example, Zhu, Sarkis, and Lai (2012b); Moon Gyu Kim et al. (2016); Balasubramanian
and Shukla (2017b); Mathiyazhagan et al. (2018). To explore the effect of GSCM in the
context of Finnish construction sector the primary data were collected using the
questionnaire. Important to highlight, that measurement scales used in this research are
predesigned, meaning that they were developed and tested in previous research.
Nevertheless, the scales were adjusted to the purposes of the current study. The
independent variables of the model analyzed are GSCM practices which include (1) Green
Strategy; (2) Green Design; (3) Green Procurement; (3) Green Construction; (4) Green
Transportation; (5) Green Monitoring. The main dependent variables in the model are (1)
economic (2) environmental and (3) social performance of the company. The questionnaire
used for research data collection can be seen in Appendix 2.
Furthermore, to develop a holistic view on the matter the case studies were conducted to
validate the findings from the quantitative questionnaire and discover strategies applied by
Finnish companies to improve the sustainability of their performance in construction
process. All interviewees that took part in research had broad knowledge and experience
in the current green practices in construction field.
5.1 Questionnaire survey method
The questionnaire survey method has been applied in this study to investigate the
importance of implementing the GSCM practices in managing construction supply chains
in Finland. As claimed by Saunders, Lewis and Thornhill (2016) the survey questionnaire is
more common, objective, and quantifiable method for testing hypotheses. The previous
literature review has laid a strong foundation for a future measurement instrument design.
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The survey has been constructed based on the measurement instrument illustrated in-depth
in chapter 4. Besides, as some of the items were not relevant for some of the construction
chain members (i.e., green design elements are more relevant for architecture enterprise
than for raw materials supplier), the combination of GSCM practices were adjusted for each
of the stakeholders and non-relevant items were removed for: (1) developer; (2)
architect/consultant; (3) contractor; (4) supplier.
The form of the questionnaire was designed in a way similar to the survey used in the
studies conducted by Zhu et al. (2007) and Balasubramanian and Shukla (2017a). The
survey consists of five main parts. The first part explains the objectives of the research and
their importance. In part two, the respondents are asked about the company's details (such
as size, year of establishment) and some personal information (such as position in the
company and number of years of relevant experience). The third part deals with questions
related to GSCM practices and invites respondents to describe actions adopted using a
five-point Likert scale ranging from 1 (‘Not considering it’) to 5 (‘Implementing successfully’).
Next part consists of statements evaluating the sustainable performance of the firm and
asks respondents to describe the performance of the organization using a five-point Likert
scale ranging from 1 (‘Strongly disagree’) to 5 (‘Strongly agree’). The last two parts are
focused on drivers and barriers of GSCM implementation in the company and request
respondents to assess the importance of them to the firm using a five-point Likert scale
ranging from 1 (‘Very low’) to 5 (‘Very high’).
Prior to the main survey project embarking, pilot testing was conducted to examine the
comprehensiveness of the questionnaire, the significance of the elements and their
relevance to the stakeholders. The survey questionnaire was translated from the English
version to Finnish language with the assistance of a native Finnish speaker and brought
back to English version by another native speaker to secure a clear understanding of the
elements and to verify the meaning of the terms was retained. The pilot survey has been
delivered to a number of experts: industry professional, professor in the field and graduate
researcher, that had the necessary experience and knowledge in the field of construction
and SCM asking for their feedback on the structure of the questions, use of technical
construction language and terms, and whether the elements are proper for evaluation
purposes or some of them should be eliminated or edited. Two experts stated their concerns
about using the Finnish language in the survey explaining it with the difficulty to understand
some technical terms after translation and the overall preponderance of the English
language among Finnish construction practitioners. Hence, it has been decided to use the
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English version of the survey for further data collection. The questionnaire was finalized
based on all relevant comments received during the pilot testing stage.
The survey in this study has been conducted among Finnish companies operating in the
construction industry and, in particular, among employees responsible for project
management or sustainable development representatives of these companies. The survey
was carried out from June to August 2018. The Amadeus database has been used to
identify the list of 318 enterprises potentially suitable for this study. Initially, the list of all
companies’ contractors, architectures, consultants and suppliers of raw materials and
equipment have been obtained. After that, the list was cleaned - every companies'
description and available information were investigated to eliminate non-relevant
organizations. Next, an email explaining the purpose of the study was sent to the managers
of these 318 companies. To increase the response, rate a number of methods advised by
the EU national statistical entities related to the survey project management were applied.
In the last question, the option of communicating the survey's results to the respondents
completed the questionnaire was indicated. The three emails with reminders of different
level of importance and different messages were sending to the potential respondents
weekly. Finally, 51 surveys were completed with a response rate of 16 percent.
However, due to time constraints only first 48 responses were used in this study. This
sample is considered representative and reasonable as many empirical research studies
conducted on the similar topic have accepted similar survey sample size. For example,
Zhang, Shen and Wu (2011) in their research investigated the green strategy in housing
development and were analyzing the total of 45 responses. Deserving to be mentioned, is
that a small by population country such as Finland (Tilastokeskus, 2018b), although
showing the high level of standards and competitiveness in many sectors of the economy,
does not have as many construction enterprises operating in the market, as, e.g. the
Chinese or Russian markets do. This questionnaire survey was focused on various
members of the construction supply chain and respondents with different managerial levels
to enhance the representativeness of the study. Of the 48 responses, six responses were
removed because of their incompleteness, leaving 42 valid responses for further data
analysis.
The survey questionnaire includes 36 questions divided into five groups. The last question
in the first section is related to the role of the company in the construction process and leads
to the “if” condition for four separate branches with different sets of questions relevant for
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each of the role types. The next section includes the items related to the GSCM practices
incorporated in the organization. The third, fourth and fifth sections are identical for all
companies and include questions related to the sustainable performance of the enterprise,
drivers, and barriers to green practices’ implementation respectively.
Analysis of the respondents’ background information shows that reliability and credibility of
the study results are high, as most of respondents hold managerial position in the company,
e.g., top manager (30,9%), middle manager (54,7%). Furthermore, most (64,3%) of the
respondents have more than ten years of professional experience in the construction
industry.
5.2 Case study method
Because this study can be considered as an exploratory in some aspects of its nature, a
qualitative research design was chosen to be carried out among green construction cases
in Finland (Patton, 1990). To understand what kind of benefits commitment to the GSCM in
construction can have to the company, four case studies with three Finnish construction
companies and one software developer firm were conducted to deepen understanding of
the topic and corroborate survey results findings. The principal data collection method in
this study was interviewing.
The list of the sample companies to be contacted for an interview was obtained from the
record of the green building examples quoted by Green Building Council Finland (GBC
Finland) (Green Building Council Finland, 2014). The potential interviewees have been
firstly contacted via email that described the research and the importance of company
participation. Round of interviews was enacted in August 2018. The interviews were
conducted via Skype or phone and structured as a set of open question and discussion
topics. The semi-structured interview format enabled participants to raise issues and
questions that were not preparatory queried. Only one key informant per case was
interviewed. Besides, internal documentation, including technical reports, construction
plans, project diaries, and other material was used as a secondary data source to extend
and confirm the interview data.
The discussion themes of the first three interviews reflect the conceptual framework of
GSCM in construction (figure 9) used to develop a measurement instrument and include:
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(1) The green practices/elements/technologies/systems used in construction project (see
‘GSCM practices’ in figure 9);
(2) The influence of the GSCM practices undertaken in the project on social, economic and
EP of the company (see ‘GSCM performance’ in figure 9);
(3) The barriers and drivers the company faced in adopting GSCM practices (see ‘GSCM
Drivers and Barriers’ in figure 9).
One interview has been carried out with the representative of the software developer
company that offers GSCM solutions to Finnish construction sector. The similar topics have
been discussed with interviwee but with more focuse on the fields the company operates
in. If the interviewee accepted, the dicussion had been recorded. Otherwise, the notes have
been taken during the conversation.
A comprehensive data collection process in this research was aimed to be kept transperent
and sytematic. Therefore, while with some limitations related to the qualitative research bias
(addressed in the next chapter), the data sample gathered can be cosidered representative
of the population. As the final dataset has been formed from two types of data: qualitative
and quantitative, two separated analysis were performed, and their results and findings are
discussed in the next chapter.
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6 ANALYSIS AND RESULTS
In the following chapter, the data sample collected will be analyzed with the STATA SE15
(Data Analysis and Statistical Software), NVivo 12 (Qualitative and Mixed Method Software)
and MATLAB (Mathematical Computing Software). In each analysis, firstly, the basic
information about the responses and cases is described. Next, the reliability and validity of
the multi-item scales are assessed in the quantitative and quality of research design is
examined in qualitative analysis parts. Furthermore, at the end of each analysis the finding
results are summarized and illustrated. Lastly, as the study is conducted for the case
country, the additional analysis on the Finnish market and diffusion of innovation practices
among Finnish companies is presented in the last part of this chapter.
6.1 Quantitative Analysis
The first part of the analysis discusses the results of examining data collected through the
survey. First, the descriptive statistics of the dataset is provided. After that, the missing data
mechanism is discusses, and the imputation method explained. Next, based on the factor
analysis conducted the reliability measurement instrument is evaluated. Finally, the
regression analysis aimed to answer the research question is performed and the results of
hypothesizes tested are evaluated.
6.1.1 Descriptive statistics
This part of the chapter is focused on the basic features of the collected information:
describes the characteristics of respondents and company related data, the frequency,
variation, dispersion of GSCM indicators.
Characteristics of respondents and company related information
Table 22 presents the profile of the respondents. Most of the respondents are between 35
and 45 years old (57,1%), while none of the respondents is under 25 years old. Moreover,
most of the respondents have more than ten years of professional experience in the
construction industry (64,3%). In addition, the majority of respondents hold either middle
management (54,8%) or top management (31,0) position.
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Table 22 Characteristics of respondents
Characteristics of respondents (sample size, N=42)

Frequency

%

Under 25

0

0,0

25-35

3

7,1

35-45

24

57,1

45-55

11

26,2

Over 55

4

9,5

0-2

3

7,1

3-5

3

7,1

6-10

9

21,4

Over 10

27

64,3

Top management (i.e. President, CEO, Vice President)

13

31,0

Middle Management (i.e. Director, Senior Manager, Manager)

23

54,8

Non-managerial (i.e. accountant, assistant, specialist, etc.)

6

14,3

Respondents’ age

Number of years of professional work experience in the
construction industry

Respondents’ positions in the company

Table 23 presents information on the distribution of the companies regarding the age, size
and the central role in the construction process. Most of the companies were established
between 1990 and 2010 (50%). The majority of the firms in the dataset are small and
medium-sized enterprises while the least represented category is companies with more
than 5000 employees (2,4%). Various members of the construction process took part in the
study with the “Contractor” and “Supplier” representing the largest group, 52,4%, and 53,8%
respectively (Figure 12).

14%
24%
10%

Developer
Architect/Consultant
Contractor
Supplier

52%

Figure 12 Distribution of roles in the construction process (N=42)
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Table 23 Characteristics of the companies
Characteristics of respondents (sample size, N=42)

Frequency

%

Before 1950

4

9,5

1950-1970

8

19,0

1970-1990

6

14,3

1990-2010

21

50,0

2010 and earlier

3

7,1

Less than 50

12

28,6

51-100

18

42,9

101-300

5

1,9

301-500

3

7,1

501-5000

3

7,1

More than 5000

1

2,4

Developer

6

14,3

Architect / Consultant

4

9,5

Contractor

22

52,4

Supplier

10

23,8

Year of establishment

Number of employees

Main role in construction supply chain

Descriptive statistics of GSCM practices indicators
Based on the survey results the relative weight of each of the green practice variables was
determined by the mean values of responses and presented in appendix 3, table 1. The
results are shown graphically in figure 1 in appendix 3. It can be seen from the table 1 that
most of the respondents indicated they take into consideration Green Strategy practices in
their companies. However, the responses of the representatives from the Contractor
companies are less focused on this category than others. The least popular among all
respondents is the item GS3 ‘Effective communication on the environmental issue between
all layers of subcontractors.’ The reason behind might be in the practical implication of the
communication channels. The top management commitment is practiced or considered in
most of the companies-respondents.
Regarding Green Design, the means of nearly all items are higher than four meaning that
they were selected as implemented in practice by most of the companies. It is important to
highlight that in the case of Architect/Consultant ten out of eleven items were opted as
“implemented successfully” indicating the very high level of sustainable design practice in
the architectural industry. However, it might be reasonable to assume that the elements

58

adopted for measuring are no longer relevant and that it is time to reclassify and higher
standards.
Green Procurement practices are indicated at the average level of implementation. Most of
the respondents have stated the initiation of execution of them into practice. Majority of
those who responded to the survey ‘Require suppliers to disclose information about their
environmental practices’ during the procurement process. Furthermore, in the Green
Transportation category suppliers confirmed to be more intent on embedding sustainability
in their practices than contractors. Overall, the most popular practice among respondents
was ‘Materials are transported in full truckload quantities.’
Green Construction practices are not very common among companies-respondents. Only
two items on average are indicated as implemented in the most of contractor-enterprises:
GC2 ‘Use of prefabricated components in projects’ and GC3 ‘Implementation of
comprehensive waste abatement plan for project/manufacturing sites.’ The last category,
Green Monitoring and Improvement reveals that GMI3 ‘Inspections during the construction
project’ is the most widely accepted practice in the construction industry followed by GMI1
‘Implementation of EMS; ISO Certification.’
Overall, the level of adoption of GSCM among responses is average or high meaning that
that respondents take into consideration most of the methods and practices. Nevertheless,
regarding some categories only a limited amount of these practices that theoretically have
a positive influence on a firm's sustainable development are initiated to be executed. The
Architecture/Consultant subgroup of respondents had comparatively higher results in
GSCM practice levels of implementation than other groups in the most of categories. The
analysis will proceed with GSM performance in the following part of the thesis.
Descriptive statistics of GSCM performance indicators
According to the survey results, the preliminary analysis of GSCM performance indicators
was conducted, and the relative weight of each of the performance variables was
determined by the mean values of responses and presented in appendix 4 table 1. The
results are displayed graphically in figure 1 in appendix 4. The results determine that EP of
most of the supply chain members has improved to some extent. Moreover, the elements
that were indicated as have advanced the most are EM5 ‘Land waste has decreased’ and
EM7 ‘A company’s environmental situation has improved.’ However, the difference between
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the means of the top-ranked and other elements is not notable. The least achieved
performance among all respondents is EM4 ‘Energy consumption has decreased’
suggesting that the companies are struggling to reduce the energy consumption during the
construction process.
Regarding Social Performance, similarly to EP indicators, the results are encouraging and
show the high results among respondents. The most highly ranked practices among
respondents are SM1 ‘The corporate image in EP has improved’ and SM2 ‘The number of
environment-related sickness and injuries has reduced.’
The last group of questions was related to economic performance of the company, and the
statistics of the questionnaire results indicate that economic situation in the companies
indeed has improved to some extent. Among all respondents, the most relevant statement
was ECM3 ‘Environmental penalties and fines per unit constructed/manufactured has
decreased.’

Worth

noting

that

element

ECM1

‘Material

expenses

per

unit

constructed/manufactured have decreased’ received the lowest score among suppliers. In
the next sub/chapter the descriptive statistics of indicators related to GSCM driver and
barriers is presented and analyzed.
Descriptive statistics of GSCM drivers and barriers indicators
The results of the assessment of GSCM drivers and barriers that respondents experience
are presented in table 1, appendix 5 in the form of the relative weight and rank of each of
the elements that were determined by the mean values of responses. The preliminary
analysis has been performed, and the results are presented graphically in figure 1 in
appendix 5.
According to the data collected, the most influencing External Driver for embedding GSCM
practices in construction supply chain is ED1 ‘Government regulations.’ It reveals the strong
impact of construction industry related legislation in Finland on the decision-making
processes in enterprises. On the other hand, the least influencing external factor among all
respondents is ED3 ‘Pressure from competitors.’ The reason behind might be in the current
low level of GSCM practice on the national construction market level.
Regarding the Internal Drivers, among almost all categories of respondents’ element ID3
‘Cost Reduction’ is seen as the most influential. However, in the group Architect/Consultant
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ID2 ‘Environmental commitment’ has been chosen as the most important. External Barriers
prevent practicing the GSCM practices in the construction companies, and the majority of
respondents indicated the barrier EB5 ‘Pressure for lower prices’ as more powerful than
others. On the other hand, in the case of the Developer, the top-ranked element was EB1
‘Shortage of green professionals.’ The weights of the last category of indicators, Internal
Barriers, differ among all respondents. Worth noting that in line with prior academic research
the barrier with the highest mean value is IN1 ‘Lack of sustainability knowledge.’
6.1.2 Missing-data Mechanism and Factor Analysis for GSCM practices
As it has been mentioned at the beginning of this chapter, each of the construction supply
chain members had the slightly different survey form. Thus, the developed questionnaire in
the first part related to GSCM practices has the planed missing data design (PMDD).
Because the cause of missingness is known being Itype of membership (response on the
survey question 7 in the survey (see appendix 2), the missing data mechanism applied in
this research is Missing at Random (MAR). MAR means that missingness of the data is
independent of the missing measurements, but depends on the observed measurements
(Hardy and Bryman, 2009, pp. 114-115; Little and Rubin, 1987).
Because PMDD although having a lot of methodological advantages such as higher
probability in participation in the survey, shorter questionnaire, lower cost, etc. (Littvay,
2009; Pokropek, 2011), it is a relatively new approach to survey design. The novel
simulation-based method – Multiple Imputation (MI), proposed by Don Rubin (1987), which
has been used by many researchers in social science (e.g. Aßmann et al. (2014); Sintonen
et al. (2016)) could be effectively applied for PMDD. However, it is also an state-of-art
statistical instrument, some functions of which are not supported by currently available
software systems. Therefore, while MI is the most effective method to be applied, because
of missing functionalities in the factor analysis it has been desided to adopt the maximum
likelihood (ML) method with the expectation-maximization (EM) algorithm using mi
estimate command in STATA (Truxillo, 2005; Graham, 2009; Weaver and Maxwell, 2014).
This method assumes that the model for the data is distributed and that the likelihood
function which is based on this disctribution is formulated and maximized based on the
model parametrs (Hardy and Bryman, 2009, p.117). Summary of the missing data is
presented in appendix 6, table 1. The factormat command with the EM estimates of the
covariance matrix was used to obtain a factor solution in each case. The factor analysis of
each cluster of GSCM practices, performance, barriers and drivers will be further presented.

61

GSCM practices Green Design – Factor Analysis
All 11 variable used to measure GSCM Green Design practices were tested during Factor
Analysis with missing data. The recommended ratio of responses per variable is 10 (Joseph
F Hair et al., 1998, p.99). For that reason, the test was conducted several times to ensure
that results are the most sustainable. Table 24 presents the final result of testing. The Kaiser
criteria of sampling adequacy (MSA) is used for deciding on a number of factors to be
retained. It can be seen, that MSA is higher than 0,60 in all three factors, suggesting the
acceptable mediocre sampling adequacy (Cerny and Kaiser, Henry, 1977). Moreover, the
extraction method applied is the Principal Component and factor rotation method used is
varimax, that maximizes the variance within the factor by decreasing low loadings and
increasing high loadings.
Table 24 Rotated factor loadings on Green Design practices
Variable

Label

GD1*

Environmental impact assessment of design

GD2*

Consideration for flora and fauna populations

GD3

Provision for natural lighting

GD4

Provision for wastewater recycling

GD5

Rotated loadings
Factor 1

Factor 2

Factor 3

Uniqueness

0,928

0,137

0,759

0,423

0,655

0,570

Consideration for energy efﬁcient heating system
GD7
Consideration for energy efﬁcient automation
systems
GD8
Consideration for energy efﬁcient ventilation and air
conditioning systems
GD9
Consideration of materials with high recycled
content and low embodied energy
GD10
Consideration to reduce the use of hazardous
materials
GD11
Consideration methods and materials for noise
control/noise reduction
Eigenvalue

0,942

0,112

0,956

0,085

0,965

0,067

3,163

2,274

1,656

MSA

0,810

0,706

0,613

Cronbach alpha

0,929

0,821

0,743

Consideration for energy efﬁcient lighting system

GD6

0,853

0,271

0,773

0,402

0,974

0,051

* items GD1 and GD2 were dropped to improve internal consistency of the scale

The results of the Factor Analysis specify which items should be combined to form a scale.
Three factors were determined; while in some cases, the items were dropped out or
replaced. Consequently, the new variables with the following labels were created:
•

Factor 1 –“EE_Syst” – Energy efficient systems (variables GD5, GD6, GD7, GD8);

•

Factor 2 – “Mater” – Consideration of materials (variables GD9, GD10, GD11);

•

Factor 3 – “Prov_Nat_Res” – Provision for natural resources (variables GD3, GD4).
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GSCM practices Green Strategy and Green Monitoring – Factor Analysis
The results of the analysis of Green Strategy and Green Monitoring are combined. The
factor analysis was conducted for five items of Green Strategy and five items of Green
Monitoring with consideration of missing data. Table 25 presents the findings of testing. It
can be seen, that MSA is higher than 0,60 in case of both factors indicating acceptable
sampling adequacy for each variable in the model.
Table 25 Rotated factor loadings on Green Strategy and Green Monitoring practices
Variable
GS1

Label

GS5

Stating clearly the environmental goals in the business
strategy
Evaluating the benefits and costs of the project to
society and environment
Effective communication on the environmental issue
between all layers of subcontractors
Inclusion of environmental management in tendering
requirements
Top-management commitment to sustainability

GMI1*

Implementation of EMS; ISO Certiﬁcation

GS2
GS3
GS4

GMI2

Rotated loadings
Factor 1

Factor 2

Uniqueness

0,832

0,306

0,823

0,322

0,852

0,272

0,930

0,133

0,966

0,065
0,959
0,795

Environmental training

GMI3*

0,366
0,977

Inspections during the construction project
Establishing an environmental communications link to
receive environmental complaints and suggestions
GMI5
Reporting the company’s environmental initiatives
within magazines and other media
Eigenvalue

3,899

2,046

MSA

0,825

0,727

Cronbach alpha

0,920

0,821

GMI4

0,787

0,379

0,890

0,207

* items GMI1 and GMI3 were dropped to improve internal consistency of the scale

Because of the high uniqueness of items GMI1 and GMI3, they were dropped out from
further analysis to improve the consistency of the scales. Therefore, the new variables with
following labels were developed:
•

Factor 1 –“Gr_Strat” – Green Strategy (variables GS1, GS2, GS3, GS4, GS5);

•

Factor 2 – “Monitor” – Monitoring of GSCM (variables GMI2, GMI4, GMI5).

GSCM practices Green Purchasing and Green Transportation – Factor Analysis
Similarly to the previous analysis, the findings of investigation of Green Purchasing and Green
Transportation are reported together. The factor analysis was conducted for four items of Green
Purchasing and four items of Green Transportation with consideration of missing data. Table
26 presents the results of testing. It can be seen, that MSA is higher than 0,60 in both factors
indicating acceptable sampling adequacy for each variable in the models.
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Table 26 Rotated factor loadings on Green Purchasing and Green Transportation practices
Variable
GP1
GP2
GP3
GP4
GT1
GT2
GT3
GT4

Label
Environmental criteria are included in material
purchase decisions
Information sharing with suppliers regarding the
technological developments relating to their
operations
Require suppliers to disclose information about their
environmental practices
Require suppliers to obtain certification of their
environmental management systems
Provision of accommodation to employees near
project sites
Employees are encouraged to use shared transport
and public transport
Materials are transported in full truckload quantities

Rotated loadings
Factor 1

Factor 2

Uniqueness

0,972

0,053

0,642

0,586

0,630

0,603

0,560

0,686

Materials are transported in fuel efﬁcient vehicles

0,343

0,881

0,412

0,830

0,959

0,078

0,692

0,521

Eigenvalue

2,070

1,688

MSA

0,647

0,628

Cronbach alpha

0,799

0,672

The new variables with following labels were created:
•

Factor 1 –“Procur” – Green Procurement (variables GP1, GP2, GP3, GP4);

•

Factor 2 – “Transp” – Green Transportation (variables GT1, GT2, GT3, GT4).

GSCM practices Green Construction – Factor Analysis
Lastly, the factor analysis was performed for Green Construction variables. All nine items
used to measure GSCM Green Construction practices were tested during Factor Analysis
with missing data. The test was conducted several times to ensure the validity of results.
Table 27 presents the test findings. The MSA results are close to or higher than 0,60 in both
factors, suggesting the acceptable mediocre sampling adequacy in the model.
The higher consistency of the scales was achieved by dropping variables GC1-3, GC6 and
GC9. The new variables with following labels were created:
•

Factor 1 – “Sav_Plan” – Saving plans development (variables GC4, GC5);

•

Factor 2 – “Gr_Techn” – Green technology used in construction (variables GC7,
GC8).

Lastly, the summary description of all summary developed scales is presented in table 28.
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Table 27 Rotated factor loadings on Green Construction practices
Variable

Rotated loadings

Label

Factor 1

Provision
for
waste
water
recycling
at
project/manufacturing site
GC2*
Use of prefabricated components in projects
GC3*
Implementation of comprehensive waste abatement
plan for project/manufacturing sites
GC4
Implementation of comprehensive material saving
plan
GC5
Implementation of comprehensive land saving plan
GC6*
Automation
is
used
for
onsite
construction/manufacturing activities
GC7
Fuel efﬁcient equipment/machinery is used at
project/manufacturing site
GC8
Investment in green equipment and technology
GC9*
Consideration methods and materials for noise
control/ noise reduction during construction
Eigenvalue

Factor 2

Uniqueness

GC1*

-0,443

0,802

0,966

0,065

0,804

0,353
0,481

0,768

0,500

0,750

1,000

0,000

1,777

1,481

MSA

0,598

0,462

Cronbach alpha

0,868

0,709

* items GC1-3, GC6 and GC9 were dropped to improve internal consistency of the scale

Table 28 Summary description for GSCM Practices
Summarized scale
EE_Syst
Mater
Prov_Nat_Res
Gr_Strat
Monitor
Procur
Transp
Sav_Plan
Gr_Techn

Number of variables

Min

Max

Mean

Std. Dev.

4
3
2
5
3
4
4
2
2

1,00
1,00
2,00
1,00
1,00
1,00
1,00
1,00
1,00

5,00
5,00
5,00
5,00
5,00
4,50
4,75
4,00
5,00

3,25
3,18
4,25
3,01
2,73
2,87
2,71
2,37
2,75

1,357
1,114
1,006
1,242
1,303
0,892
1,124
1,031
1,350

6.1.3 Factor analysis and Reliability of Measurement scales for GSCM performance, GSCM
drivers and barriers
Previously, the statements were grouped into GSCM performance, GSCM drivers and
barriers based on the literature review and experts’ opinion. However, the way the
statements were viewed by respondents and grouped during measurement instrument
developmet may be different. The factor analysis can be used to determine the factorial
validity of the GSCM measures assessed by various indices (Hardy and Bryman, 2009, pp.
25-26). Moreover, with factor analysis summated scales can be computed and used in the
later analysis (Hair et al., 1998, p.90).
The factor analysis was conducted separately for (1) GSCM performance, (3) GSCM drivers
and (4) GSCM barriers (see chapter 4). All variables are continuous and interdependent in
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each category. Results of Shapiro-Wilk test, designed for datasets with 4 ≤ N ≤ 2000
observations (STATA, 2018), however, indicate that the null hypothesis that variables EM14, EM7, EB5 and IN2 are normally distributed can be rejected, but the hypothesis that all
remaining variables are normally distributed cannot be rejected (see Appendix 6, table 1
and 2). It places some limitations to the interpretation of the test results.
GSCM performance – Factor Analysis
All 15 variable used to measure the GSCM performance of the company were tested in
Factor Analysis. The recommended ratio of responses per variable is 10 (Joseph F Hair et
al., 1998, p.99). However, as it can be seen in the case of EP related items the requirement
is not met (42 cases, 8 variables). Therefore, the test was conducted several times to
ensure the results are the most valid. Table 29 presents the results of GSCM practices
testing.
Table 29 Rotated factor loadings on GSCM practices
Variable
EM1*

Label

Rotated loadings
Factor 1

Factor 2

Factor 3

Factor 4

Uniqueness

0,413

0,829

0,766

0,401

EM3

Number of environmental accidents has
declined
Greenhouse
gas
emissions
have
decreased
Water consumption has decreased

0,837

0,330

EM4

Energy consumption has decreased

0,668

EM5

Landﬁll waste has decreased

0,782

0,388

EM6

Hazardous material use has decreased

0,755

0,430

EM7

A company’s environmental situation has
improved
Site disruption has decreased

0,787

0,379

EM2

EM8
ECM1
ECM2*
ECM3
SM1
SM2
SM3

0,622

Material
expenses
per
unit
constructed/manufactured have decreased
Cost of waste treatment and discharge per
unit
constructed/manufactured
has
decreased
Environmental penalties and fines per unit
constructed/manufactured has decreased
The corporate image in environmental
performance has improved
The number of environment-related
sickness and injuries has reduced
Aesthetic of design has improved

0,764

0,416

0,757

0,427

0,650

0,577

SM4

0,875

0,234

0,352

0,876

0,816

0,334

0,801

0,358

Community disturbance during construction
has decreased
Eigenvalue

1,734

1,803

1,581

2,197

Cum %

0,455

0,601

0,527

0,549

MSA

0,600

0,660

0,607

0,665

Cronbach alpha

0,602

0,649

0,586

0,696

* items EM1 and ECM2 were dropped to improve internal consistency of the scale
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The Kaiser criteria of sampling adequacy (MSA) is used for deciding on number of factors
to be retained. It can be seen, that MSA is 0,60 or higher in all four factors, suggesting the
acceptable mediocre sampling adequacy (Cerny and Kaiser, Henry, 1977). Moreover, the
extraction method applied is Principal Component and factor rotation method used is
varimax, that maximizes the variance within the factor by decreasing low loadings and
increasing high loadings.
The results of Factor Analysis indicate which items should be combined to form a scale to
measure GSCM practices. Four factors were determined, and in some cases the items were
dropped out or replaced. The variable EM1 was removed from Factor 1 because of the high
uniqueness to improve the internal consistency of the scale. Moreover, the reliability of
adjusted scales was tested with Cronbach’s Alpha coefficient. Although the reliability of
Factor 3 has improved by deleting variable ECM2, it remained a bit lower than
recommended level 0,60. However, it was decided to continue with all the factors created.
Important to note, that although initially variable EM8 has been considered as EP, based
on the test results item “Site disruption has decreased” became a part of EcP. That could
be explained logically as decreased site disruption in most cases directly associated with
higher EcP. Finally, the new variables with following labels were created:
•

Factor 1 – “Env_Perf_B” - EP of Building (variables EM2, EM3, EM4);

•

Factor 2 – “Env_Perf_S” – EP on Site (variables EM5, EM6, EM7);

•

Factor 3 – “Econ_Perf” – EcP (variables EM8, ECM1, ECM3);

•

Factor 4 – “Soc_Perf” – SP (variables SM1, SM2, SM3, SM4).

The summarized scales description is presented in table 30. The results of Pearson
Correlation indicates that there is a positive relationship between EcP and EP of Building
(Correlation = 0,46 at 0,01 level) and between EcP and SP (Correlation = 0,53 at 0,01 level).
That means that the higher the EcP of construction company, the more likely the SP will be
high and similar to this the higher EcP of the company, the higher likelihood of higher EP of
the constructed buildings.
Table 30 Summary description for GSCM Performance
Summarized scale
Env_Perf_B
Env_Perf_S
Econ_Perf
Soc_Perf

Number of variables

Min

Max

Mean

Std. Dev.

3
3
3
4

2,33
2,33
2,33
2,25

4,33
4,67
4,00
4,50

3,476
3,619
3,286
3,560

0,489
0,549
0,475
0,490
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GSCM drivers – Factor Analysis
To conduct the factor analysis for GSCM drivers, all eight variables were tested. To meet
the requirement of 10 items per variable the test has been conducted for each half and
repeated several times with different combination to ensure the highest validity. The results
of the analysis are presented in table 31. As seen, MSA is higher than 0,60 in both factors,
suggesting the acceptable mediocre sampling adequacy (Cerny and Kaiser, Henry, 1977).
Moreover, the extraction method applied is the Principal Component and factor rotation
method used is varimax, that maximizes the variance within the factor by decreasing low
loadings and increasing high loadings. To improve the internal consistency of the scale, the
variable ID4 was removed from Factor 2. The reliability of adjusted scales was tested with
Cronbach’s Alpha coefficient.

The following new variables with adopted scales were

created:
•

Factor 1 – “Ext_Dr” – External Drivers (variables ED1, ED2, ED3, ED4);

•

Factor 2 – “Int_Dr” – Internal Drivers (variables ID1, ID2, ID3).

The description of summarized scales is presented in table 32.
Table 31 Rotated factor loadings on GSCM drivers
Variable

Label

Rotated loadings
Factor 1

Factor 2

Uniqueness

ED1

Government regulations

0,660

0,564

ED2

Pressure from supply chain stakeholders

0,803

0,355

ED3

Pressure from competitors

0,803

0,309

ED4

Pressure from the client

0,753

0,432

ID1

Improving reputation and brand image

0,867

0,247

ID2

Environmental commitment

0,817

0,332

ID3

Cost Reduction

0,691

0,522

ID4*

Internationalization opportunities

0,169

Eigenvalue

2,340

1,897

Cum %

0,585

0,633

MSA

0,758

0,616

Cronbach alpha

0,762

0,709

* item ID4 was dropped to improve internal consistency of the scale

Furthermore, the results of Pearson Correlation indicate that there is a positive relationship
between Internal Drivers and External Drivers (Correlation = 0,45 at 0,01 level), meaning
that the company that considered the importance of External Drivers being high will more
likely find the External Drivers being high as well.

68

Table 32 Summary description for GSCM Drivers
Summarized scale

Number of variables

Min

Max

Mean

Std. Dev.

4
3

2,25
1,66

4,75
4,66

3,369
3,714

0,710
0,669

Ext_Dr
Int_Dr

GSCM barriers – Factor Analysis
Lastly, the Factor Analysis has been conducted for GSCM barriers, and included eight
items. Because the requirement of at least 10 observations per variable are not met, the
analysis was conducted for different combinations of four items. The results are presented
in table 33. The test shows that MSA is higher than 0,60 in both factors, suggesting the
acceptable mediocre sampling adequacy (Cerny and Kaiser, Henry, 1977).
Table 33 Rotated factor loadings on GSCM barriers
Variable

Label

Rotated loadings
Factor 1

Factor 2

Uniqueness

EB1*

Shortage of green professionals

EB2

Lack of partners’ commitment

0,218

0,952

EB3

Inflexible and tight stakeholders’ deadlines

0,795

0,368

EB4

Lack of buyer awareness

0,783

0,387

EB5

Pressure for lower prices

0,860

0,261

IN1

Lack of sustainability knowledge

0,785

0,384

IN2

High costs of implementation

0,725

0,475

IN3

Lack of training and commitment

0,663

0,560

Eigenvalue

2,031

1,581

Cum %

0,508

0,527

MSA

0,656

0,602

Cronbach alpha

0,609

0,570

* item EB1 was dropped to improve internal consistency of the scale

To improve the internal consistency of the scale, the variable EB1 was removed from Factor
1. The reliability of adjusted scales was tested with Cronbach’s Alpha coefficient. Although
scale External Barriers could have been improved by deleting item EB2, it was decided to
keep it as the scale is close to original and at acceptable level. Moreover, the result of the
analysis of scale “Internal Barriers” shows the reliability being lower that recommended
level. However, because the received result was the highest possible with all elements
combinations and the scale is the same as the original it has been decided to accept it.
Thus, the following new variables were created:
•

Factor 1 – “Ext_Bar” – External Barriers (variables EB2, EB3, EB4, EB5);

•

Factor 2 – “Int_Bar” – Internal Barriers (variables IN1, IN2, IN3).
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The description of summarized scales is presented in table 34.
Table 34 Summary description for GSCM Barriers
Summarized scale

Number of variables

Min

Max

Mean

Std. Dev.

4
3

1,50
2,00

4,25
4,33

3,191
3,214

0,607
0,588

Ext_Bar
Int_Bar

GSCM performance, GSCM drivers and GSCM barriers – Final Scales
As a result of previous analysis, the summarized scales were developed for GSCM performance,
drivers, and barriers. In all developed scales the reliability stayed at the same level or improved as
indicated by Cronbach value criteria. In the case of EP the scale has been divided into performance
related to constructed buildings and performance on construction site.
Table 35 Developed summary scales for GSCM performance and GSCM driver and barriers
Scale

Initial Scale
Number of
Cronbach
variables
alpha

Final Scale
Number of
Cronbach
variables
alpha

Mean

Std.
Dev.

GSCM peformance
EP
EcP
Social Performance
GSCM drivers and barriers
External Drivers
Internal Drivers
External Barriers
Internal Barriers

8

0,563
0,164
0,696

3
3
3
4

0,602
0,649
0,586
0,696

3,476
3,619
3,286
3,560

0,489
0,549
0,475
0,490

3
4
4
4
5
3

0,762
0,629
0,603
0,570

4
3
4
3

0,762
0,709
0,609
0,570

3,369
3,714
3,191
3,214

0,710
0,669
0,607
0,588

6.1.4 Regression Analysis
In the previous analysis some preliminary tests and analysis have been conducted for
scales improvement: (1) missing values were imputed for GSCM particles; (2) factor
analysis conducted for GSCM performance; (3) factor analysis conducted for GSCM drivers
and barriers. The following part of the thesis is focused on investigating the relationship
between:
(1) GSCM practices and GSCM performance;
(2) GSCM divers and GSCM practices;
(3) GSCM barriers and GSCM practices.
Each method of analysis will be discussed in its own paragraph, detailing the method, any
ancillary tests conducted, as well as the results of the test. The small data sample is usually
characterized as having less than 20 observations (Hair et al., 1998, p.163). However, the
data sample used for this analysis is two times larger than this limit. Thus the sample size
is deemed sufficient for running a linear regression analysis.
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Effect of GSCM Practices on firm Performance
Regression is the method often used in social science research to test the hypothesis of
the existence of causal effects between variables, estimate the strength of those effects
and compare it across groups (Hardy and Bryman, 2009, p.165). Regression analysis was
used to test if the GSCM practices significantly predicted the firm’s sustainable
performance. Therefore, tests performed aim to verify hypothesis H1, H2, H3, H4, H5 and
H6. Because the models were tested with imputed values, the tests for basic assumptions
were performed only for the models with no missing data.
Effect of Green Design on Firm Performance
The results of the regression (see table 36) indicate that (1) three predictors explain 52,6%
of the variance (R-squared = 0,526, F = 9,65, p<0,001) in EP of Construction. It was found
that Energy Efficient Systems significantly predict EP of Construction (β = 0,221, p<0,01),
other Green Design variables are not significant predictors of EP of Building; (2) all three
Green Design items were not significant for predicting EP on Site (R-squared = 0,152, F =
1,55, p>0,05); (3) it was found that Energy Efficient Systems alone significantly predicts
EcP (β = 0,292, p<0,001). All three predictors are not significant for predicting EcP; (4) three
predictors explain 48,3% of the variance (R-squared = 0,483, F = 8,13, p<0,001) in Social
Performance. It was found that Energy Efficient Systems significantly predict SP (β = 0,252,
p<0,05), other Green Design variables were not significant predictors of SP.
Table 36 Regression Results for Green Design effect on Firm Performance
Variable
Mater
EE_Syst
Prov_Nat
_Res

Label
Consideration of
materials
Energy efficient
systems
Provision for natural
resources

Constant
Model Fit
F
Prob>F
R-squared
Adjusted R-squared

Model (1)
Dependent
variable:
Env_Perf_B
0,112
(0,078)
0,221*
(0,089)
0,047
(0,048)
2,141
(0,500)

Model (2)
Dependent
variable:
Env_Perf_S
0,212
(0,106)
-0,072
(0,122)
0,011
(0,066)
3,150
(0,686)

Model (3a)
Dependent
variable:
Econ_Perf

9,65
0,000
0,526
0,472

1,55
0,224
0,152
0,054

Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

2,281
(0,260)

Model (3b)
Dependent
variable:
Econ_Perf
0,049
(0,097)
0,148
(0,111)
-0,094
(0,060)
3,126
(0,626)

Model (4)
Dependent
variable:
Soc_Perf
0,070
(0,083)
0,252*
(0,095)
0,051
(0,051)
2,260
(0,535)

15,59
0,000
0,464
0,434

8,58
0,000
0,497
0,439

8,13
0,001
0,483
0,424

0,292***
(0,074)
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Based on the results of the test it can be seen that: Green Design (Consideration of Energy
Efficient Systems in Building Design) has a positive effect on Sustainable Performance of
the company. Thus, the hypothesis H2 receives partial support.
Effect of Green Strategy on Firm Performance
The results of the regression (see table 37) indicate that (1) Green Strategy item is not
significant for predicting EP of Building (R-squared = 0,052, F = 2,21, p>0,05), EcP (Rsquared = 0,053, F = 2,21, p>0,05) and SP of the company (R-squared = 0,075, F = 3,27,
p>0,05); (2) it was found that Green Strategy significantly predict EP on Site (β = 0,180,
p<0,01).
Table 37 Regression Results for Green Strategy effect on firm Performance
Variable

Gr_Strat

Label

Green Strategy established

Constant
Model Fit
F
Prob>F
R-squared
Adjusted R-squared

Model (5)
Dependent
variable:
Env_Perf_B
0,090
(0,060)
3,204
(0,197)

Model (6)
Dependent
variable:
Env_Perf_S
0,180**
(0,063)
3,075
(0,207)

Model (7)
Dependent
variable:
Econ_Perf
0,087
(0,058)
3,022
(0,191)

Model (8)
Dependent
variable:
Soc_Perf
0,108
(0,059)
3,232
(0,195)

2,21
0,145
0,052
0,028

8,00
0,007
0,166
0,145

2,21
0,145
0,053
0,029

3,27
0,078
0,075
0,052

Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

The results indicate that: Established Green Strategy has a positive effect on Environmental
Performance on the Construction site. Thus, the hypothesis H1 receives partial support.
Effect of Green Monitoring on Firm Performance
The results of the regression (see table 38) indicate that (1) Green Monitoring is not
significant for predicting EP of Site (R-squared = 0,000, F = 0,03, p>0,05); (2) it was found
that Green Monitoring significantly predicts EP of Building (β = 0,146, p<0,05), EcP of the
company (β = 0,163, p<0,01) and SP of the company (β = 0,205, p<0,001).
The results of the analysis show that: Green Monitoring practices adopted by the company
have a positive effect on Sustainable Performance of the company. Therefore, the
hypothesis H6 receives partial support.

72

Table 38 Regression Results for Green Monitoring effect on firm Performance
Variable

Monitor

Label

Monitoring of GSCM

Constant
Model Fit
F
Prob>F
R-squared
Adjusted R-squared

Model (9)
Dependent
variable:
Env_Perf_B
0,146*
(0,054)
3,075
(0,165)

Model (10)
Dependent
variable:
Env_Perf_S
-0,012
(0,066)
3,652
(0,201)

Model (11)
Dependent
variable:
Econ_Perf
0,163**
(0,051)
2,838
(0,155)

Model (12)
Dependent
variable:
Soc_Perf
0,205***
(0,049)
2,996
(0,150)

7,16
0,011
0,151
0,130

0,03
0,854
0,000
-0,024

10,05
0,002
0,200
0,180

17,07
0,000
0,299
0,281

Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

Effect of Green Procurement on Firm Performance
The results of the regression (see table 39) indicate that Green Procurement is not
significant for predicting EP of Building (R-squared = 0,038, F = 1,21, p>0,05), EP on Site
(R-squared = 0,001, F = 0,05, p>0,05), EcP of company (R-squared = 0,001, F = 0,03,
p>0,05) and SP of company (R-squared = 0,001, F = 0,06, p>0,05).
Table 39 Regression Results for Green Procurement effect on firm Performance
Variable

Procur

Label

Green Procurement

Constant
Model Fit
F
Prob>F
R-squared
Adjusted R-squared

Model (13)
Dependent
variable:
Env_Perf_B
0,114
(0,104)
3,211
(0,313)

Model (14)
Dependent
variable:
Env_Perf_S
0,024
(0,114)
3,512
(0,345)

Model (15)
Dependent
variable:
Econ_Perf
0,014
(0,083)
3,395
(0,252)

Model (16)
Dependent
variable:
Soc_Perf
0,024
(0,103)
3,554
(0,312)

1,21
0,280
0,038
0,000

0,05
0,830
0,001
-0,031

0,03
0,862
0,001
-0,032

0,06
0,815
0,001
-0,031

Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

The results of the analysis show that: the relationship between Green Procurement
practices adopted by the company and its Sustainable Performance has not been found.
Therefore, the hypothesis H3 could be neither rejected nor confirmed.
Effect of Green Transportation on Firm Performance
The results of the regression (see table 40) indicate that Green Transportation is not
significant for predicting EP of Building (R-squared = 0,014, F = 0,45, p>0,05), EP on Site
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(R-squared = 0,111, F = 3,75, p>0,05), EcP of company (R-squared = 0,000, F = 0,00,
p>0,05) and SP of company (R-squared = 0,057, F = 1,85, p>0,05).
Table 40 Regression Results for Green Transportation effect on firm Performance
Variable

Transp

Label

Green Transportation

Constant
Model Fit
F
Prob>F
R-squared
Adjusted R-squared

Model (17)
Dependent
variable:
Env_Perf_B
0,047
(0,071)
3,235
(0,208)

Model (18)
Dependent
variable:
Env_Perf_S
0,176
(0,091)
3,125
(0,266)

Model (19)
Dependent
variable:
Econ_Perf
-0,003
(0,068)
3,177
(0,201)

Model (20)
Dependent
variable:
Soc_Perf
0,098
(0,072)
3,169
(0,213)

0,45
0,508
0,014
-0,018

3,75
0,062
0,111
0,081

0,00
0,955
0,000
-0,033

1,85
0,184
0,057
0,026

Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

The results of the analysis show that: the relationship between Green Transportation
practices adopted by the company and its Sustainable Performance has not been found.
Therefore, the hypothesis H4 could be neither rejected nor confirmed.
Effect of Green Construction on Firm Performance
Based on regression results (see table 41) it was found that both predictors related to Green
Construction are not significant for predicting EP of Building (R-squared = 0,017, F = 0,17,
p>0,05), EP on Site Building (R-squared = 0,179, F = 2,08, p>0,05), EP Building (R-squared
= 0,093, F = 0,98, p>0,05) and SP of the company Building (R-squared = 0,237, F = 2,96,
p>0,05).
Table 41 Regression Results for Green Construction effect on firm Performance
Variable

Label

Sav_Plan

Saving plans development

Gr_Techn

Green technology used in
construction

Constant
Model Fit
F
Prob>F
R-squared
Adjusted R-squared
Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

Model (21)
Dependent
variable:
Env_Perf_B
0,014
(0,105)
-0,063
(0,111)
3,532
(0,372)

Model (22)
Dependent
variable:
Env_Perf_S
-0,202
(0,122)
0,173
(0,129)
3,589
(0,435)

Model (23)
Dependent
variable:
Econ_Perf
-0,099
(0,072)
0,032
(0,077)
3,487
(0,258)

Model (24)
Dependent
variable:
Soc_Perf
-0,172
(0,093)
0,173
(0,099)
3,453
(0,332)

0,17
0,847
0,017
-0,086

2,08
0,152
0,179
0,093

0,98
0,394
0,093
-0,002

2,96
0,076
0,237
0,157
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According to the results, the relationship between Green Construction practices adopted by
the company and its Sustainable Performance has not been found. Therefore, we could
neither rejected nor confirm H5.
Effect of GSCM Drivers and Barriers on GSCM practices adoption
Regression analysis was applied to test if the GSCM drivers and barriers significantly
predicted the firm’s adoption of GSCP practices. The tests performed aim to verify
hypothesis H7, H8, H9 and H10.
Effect of GSCM Drivers and Barriers on Green Design and Green Construction
The results of the regression (see table 42) indicate that (1) four predictors explain 21,7%
of the variance (R-squared = 0,217, F = 2,57, p~0,05) in consideration of materials. It was
found that External Drivers significantly predict Material consideration (β = 0,664, p<0,05),
other variables are not significant predictors; (2) four predictors explain 71,9% of the
variance in dependent variable Energy Efficient Systems (R-squared = 0,719, F = 14,25,
p<0,001). It was found that External Drivers significantly predict dependent variable (β =
1,174, p<0,01), other variables are not significant predictors; (3) four predictors explain
89,9% of the variance in dependent variable Provision of Natural Resources (R-squared =
0,899, p<0,01). It was found that both External Drivers and Internal Drivers significantly
predict dependent variable (β = 1,953, p<0,05 and β = -1,189, p<0,05 respectively), other
variables are not significant predictors; (4) all four items were not significant for predicting
adoption of Green Construction Technologies (R-squared = 0,086, F = 0,64, p>0,05); (5)
four predictors explain 59,8% of the variance in variable Provision of Saving Plans
Development (R-squared = 0,598, p<0,001). It was found that External Drivers significantly
predict dependent variable (β = 0,723, p<0,05), while other variables are not significant
predictors.
Based on the results of the test it can be seen that: (2) External Drivers have a positive
effect on adoption of GSCM practices by the company (Green Design and Green
Construction). Thus, the hypothesis H7 receives partial support. However, (2) no
relationship has been found between Internal Driver, External and Internal Barriers and
GSCM practices adoption. Thus, we could not neither rejected nor confirm H8, H9, and
H10.

75

Table 42 Regression Results for GSCM Drivers and Barriers effect on Green Design and Green
Construction
Variable

Label

Ext_Dr

External Drivers

Int_Dr

Internal Drivers

Ext_Bar

External Barriers

Int_Bar

Internal Barriers

Constant

Model (25)
Dependent
variable:
Mater
0,664*
(0,262)
0,170
(0,282)
0,132
(0,297)
-0,102
(0,295)
0,214
(1,35)

Model (26)
Dependent
variable:
EE_Syst
1,174**
(0,322)
0,489
(0,382)
0,415
(0,353)
-0,279
(0,416)
-3,218
(1,244)

Model (27)
Dependent
variable:
Prov_Nat_Res
1,953*
(0,551)
-1,189*
(0,466)
0,252
(0,447)
-0,693
(0,686)
2,419
(2,737)

Model (28)
Dependent
variable:
Gr_Tech
-0,150
(0,429)
-0,022
(0,330)
-0,438
(0,355)
0,479
(0,426)
2,776
(1,747)

Model (29)
Dependent
variable:
Sav_Plan
0,723*
(0,354)
0,627
(0,328)
-0,826
(0,459)
-0,094
(0,305)
0,990
(2,047)

2,57
0,053
0,217
0,133

14,25
0,000
0,791
0,736

11,16
0,010
0,899
0,818

0,64
0,637
0,086
-0,048

7,81
0,000
0,598
0,521

Model Fit
F
Prob>F
R-squared
Adjusted R-squared
Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

Effect of GSCM Drivers and Barriers on Green Strategy, Green Monitoring, Green
Purchasing and Green Transportation
The results of the last regression (presented in table 43).
Table 43 Regression Results for GSCM Drivers and Barriers effect on Green Strategy, Green
Monitoring, Green Purchasing and Green Transportation
Variable

Label

Ext_Dr

External Drivers

Int_Dr

Internal Drivers

Ext_Bar

External Barriers

Int_Bar

Internal Barriers

Constant
Model Fit
F
Prob>F
R-squared
Adjusted R-squared

Model (30)
Dependent
variable:
Gr_Strat
0,075
(0,300)
0,428
(0,324)
0,038
(0,340)
0,510
(0,339)
-0,0587
(1,55)

Model (31)
Dependent
variable:
Monitor
0,408
(0,285)
0,790*
(0,307)
0,362
(0,323)
-0,884**
(0,321)
0,080
(1,470)

Model (32)
Dependent
variable:
Procur
0,186
(0,260)
-0,007
(0,275)
0,394
(0,323)
0,538
(0,267)
-0,822
(1,460)

Model (33)
Dependent
variable:
Transp
-0,828
(0,440)
-0,000
(0,338)
-0,797*
(0,364)
0,756
(0,437)
5,400
(1,791)

1,90
0,130
0,170
0,081

4,40
0,005
0,322
0,248

2,10
0,109
0,237
0,123

1,61
0,199
0,192
0,073

Standard errors are reported in parentheses.
*p<0,05, **p<0,01, ***p<0,001

Last regression analysis results indicate that (1) all four items were not significant for
predicting adoption of Green Strategy (R-squared = 0,170, F = 1,90, p>0,05); (2) four
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predictors explain 32,3% of the variance in variable Monitoring of GSCM (R-squared =
0,323, F = 4,40, p<0,01). It was found that both Internal Drivers and Internal Barriers
significantly predict dependent variable (β = 0,790, p<0,05 and β = -0,884, p<0,01
respectively), while other variables are not significant predictors; (3) all four items were not
significant for predicting adoption of Green Procurement (R-squared = 0,237, p>0,05) and
Green Transportation (R-squared = 0,192, p>0,05).
Based on the results of the test shows that: (1) Internal Drivers have a positive effect on the
adoption of GSCM practices (Green Monitoring) by the company. Thus, the hypothesis H8
receives partial support; (2) External and Internal Barriers have negative effect on the
adoption of GSCM practices by the company. Therefore, the hypothesizes H9 and H10
receive partial support.
The summary of all hypothesizes testing is presented in figure 13.

Figure 13 The summary results of regression coefficients of H1-H10 hypothesizes testing
*p<0,05, **p<0,01, ***p<0,001

In the later part of the thesis the qualitative analysis of four case studies will be discussed
in connection to the measurement instrument developed and the findings of both methods
will be compared and summarized in the last part of the thesis.
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6.2 Qualitative Analysis
The second part of the analysis discusses the results of examining qualitative data collected
using the case study method. First, the descriptive statistics of the cases will be provided.
After that, the reliability and validity of data will be evaluated. Next, the qualitative analysis
of the data aimed to answer the research question will be performed.
6.2.1 Description of cases
As it has been mentioned in chapter 5, in addition to the survey method the qualitative data
has been collected though four case studies. The overview of the cases is presented in
table 44.
Table 44 Overview of the cases studied
Case
Code
A
B
C
E

Company involved
in the construction
process
Mestaritoiminta Oy

Location

Category of
company

Järvenpää, FI

Large

Number of
employees
(2016)1
126

Name of the case

Saint-Gobain
Finland Oy, ISOVER
HKR-Rakennuttaja
Bionova Oy

Helsinki, FI

Very Large

689

Auerkulma project
apartment building
Villa ISOVER project

Helsinki, FI
Helsinki, FI

n/a
Medium

n/a
n/a

NZEB office building
One Click LCA

The first three cases are located in Finland and were awarded green building certification.
Case A is Auerkulma Project developed by Mestaritoiminta Oy. The project is located in
Järvenpää, with 900 m2 of living space (19 apartments) and completed in 2016. The project
is the first building in Finland that received a Nordic Ecolabel certification2
(NordicEcolabelling, 2018). The project has been constructed with consideration of the strict
environmental and health requirements. Important to highlight that Auerkulma building was
constructed using safe building materials. The apartments are energy-efficient and
designed with better sound insulation. The picture of the project presented in figure 14.

Figure 14 Auerkulma building, Järvenpää

1 The information was obtained from Amadeus database (2017)
2 The Nordic Swan Ecolabel was established in 1989 by the Nordic Council of Ministers as a voluntary eco labelling scheme
for the Nordic countries Denmark, Finland, Iceland, Norway and Sweden (Nordic Ecolabelling, 2018)
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Case B is called Villa ISOVER project and is located in Hyvinkää. It has been constructed
as a part of the Hyvinkää Housing Fair in 2013. The Villa ISOVER is a net-zero-energy
single-family house. The design solution used has been selected during the competition
organized by ISOVER. The green solutions used in this Eco House are both high tech and
low tech. Some of the new decisions include the house’s heating system which is based on
geothermal energy and a large fireplace. Moreover, rooftop solar panels are generating
electricity for the residents’ needs. It is interesting to note that the roof also harvests
rainwater to be used for garden watering. Finally, the entire area is utilized: along with a
yard for leisure activities, there is a vegetable garden and an orchard. The picture of the
project can be seen in figure 15.

Figure 15 Villa ISOVER, Helsinki

Case C is NZEB office building, Environment Centre building Ympäristötalo, constructed in
2011. At the moment of construction, this building was showing the best energy
performance of an office building ever constructed in Finland. Such remarkable energy
performance was achieved because of many sustainable design and automation decisions.
The office has a high-quality building envelope. Moreover, the south facades have
integrated PV cells that provide effective solar protection. The balanced ventilation, demand
controlled lightning, and free cooling system are further examples of green design practices
incorporated in this case. The picture of the case can be seen in figure 16.

Figure 16 NZEB office building, Helsinki
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The last Case E is the software developed for construction companies by the Finnish team
located in Helsinki. The project has received funding from the European Union’s Horizon
2020 research and innovation program and offers an innovative One Click LCA product that
automate sassessment of environmental impacts of construction processes from existing
design data while ensuring compliance with various certification schemes (LEED,
BREEAM, DGNB and 30 other systems). The number of companies that are using One
Click LCA includes SKANSKA AB, Stora Enso Oyj, YIT Corporation and other.
6.2.2 Reliability and Validity
According to Yin (2003, p.19) four conditions related to design quality, have to be taken into
consideration while conducting the case study: (1) construct validity, (2) internal validity, (3)
external validity, and (4) reliability. The four conditions mentioned by the author will be
further described to evaluate reliability and validity of the qualitative research design of this
study.
Construct Validity
The tactics recommended by Yin (2003, p.19) have been adopted to ensure high construct
validity. The first tactic, use multiple sources of information, was taken into consideration
during the research design. In each GSCM case, a unit of analysis, semi-structured in-depth
interviews were carried out with the representatives experienced in the topic. Those
mentioned above were combined with various secondary data sources, consisting of
information published on the companies’ websites, NGO's websites, blog posts, financial,
administrative information (that was obtained from Amadeus database such as companies’
turnover, number of employees) and information shared by the interviewee. The second
tactic, have the key informants to review draft case study report, has been applied as well.
The draft of the case analysis has been sent to all interviewees for commenting and
collecting a feedback.
Internal Validity
To ensure the internal validity, the same step-by-step process has been followed while
collecting the case data, editing information received and conducting the analysis.
Moreover, the key topics proposed in the interview were the same in all four cases and
included: (1) What are the green elements/technologies/systems used in construction
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project (referring to the Green Construction indicators); (2) What competitive advantages
enterprises can gain by engaging in various green construction practices in the project
(relating to the Sustainable performance indicators); (3) What are the main barriers and
drivers the company faces in adopting green practices (referring to the Drivers and Barriers
indicators).
External Validity
The third reccomendation is focused on investigation whether case study findings are
generalizable beyond case study (Yin 2003, p.37). Although the case study research design
has been developed and followed the GSCM theories previously discussed, it is difficult to
claim that the results of this analysis will be similar in other external conditions (e.g., in
different case country). The same case study analysis should be conducted in “second/third
neighborhood” to test the external validity. However, as the similar research has been
already conducted in China (Zhang, Shen and Wu, 2011b) and had comparable results,
this study will be considered as having acceptable external validity level.
Reliability
The aim of the reliability qualitative analysis is to assure that if a later researcher follows the
same procedures and conducts precisely the same study, later investigator will get the
same findings (Yin 2003, p.37). Thus, the primary goal is to minimize the research bias. In
this study, the database of the cases has been created. Moreover, all sources, findings, and
analyses were described as explicitly as possible. Furthermore, as the names of the cases
are not anonymous, the external auditor has an easy way of retrieving information from
secondary sources.
6.2.3 Logical Models Case Study Analysis
This study will adopt the logical model analysis technique to stipulate the chain of events
over time in case studies following cause-effect-cause-effect patterns (Yin 2003, pp.127128). In this analytical technique, first proposed by Wholey in (1979) a dependent variable
or event occurred at an earlier stage becomes an independent variable or causal event for
the next step. At the first stage of the analysis the data collected, including the secondary
source data, has been imported to the NVivo software and coded. Based on the nodes
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assigned the logical model has been developed and is present in figure 17. The events flow
across a series of boxes and arrows reading from left to right in the scheme.
In the case A, Auerkulma project apartment building, the parent company of Mestariasunnot
Oy Mestaritoiminta Oy is not only the responsible building developer but the real estate
maintenance organization. According to the interviewee, one of the main reasons the
company puts a lot of attention on the whole building life cycle assessment is whole building
LCA. Future tenants have been actively involved throughout the whole project process and
their wishes and needs have been taken into account during the design and implementation
phases. The Auerkulma apartment building has been designed with consideration for
energy efﬁcient lighting, heating (energy source – ground energy), automation, ventilation
and other systems.
Moreover, the methods of lowering the water consumption have been incorporated. Also,
the progress of the project has been actively monitored. Furthermore, to assess the success
of the project audits were organized regularly as well as continuous follow-up. Two years
after the completion, the monitoring continued to verify that automation and other systems
work as designed. One more aspect of the project has been the strong partners’
collaboration and cooperation. The Nordic Ecolabel system sets strict rules to the material
used in construction, Therefore, the project supply chain members has been working jointly
to meet not only requirements of the end/clients but ensure the minimal whole lifecycle costs
and characteristics of materials are as required.
As the results of the embedding sustainability principles into construction SCM, the overall
environmental performance of the building and company has improved along with the brand
image and customer awareness. The importance of this case is in highlighting the
significance of managerial cognition and commitment towards sustainability to high
environmental performance. Another crucial factor is the LCA, consideration of future costs
of the building maintenance and ecologically sustainable materials used in construction
process.
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The case B, Villa ISOVER project, is the example of Eco House design. According to the
interviewee, it was the very first project of this type in which the company participated. The
building is a family house and currently is open to the public. Interesting to note that in this
case, the crowd based open innovation approach has been effectively adopted for finding
the most efficient construction solution though open architectural design competition. The
architectural design of the house takes into consideration the provision of natural lightning
and wastewater recycling. According to the interviewee the overall sustainability focus of
the company played a significant role in deciding on joining the project. Moreover, the
project was aimed to be not only environmentally but economical efficient. Lastly, the case
has led to the improvement of the social performance of the company though enhanced
brand image and customer awareness. The importance of this case is in the effective
crowdsourcing of environmentally friendly innovative solutions, pioneering in Eco House
construction on Finnish market and overall positive experience from embedding
sustainability principles in construction SCM.
The case C is NZEB office building, Environment Centre building Ympäristötalo, that at the
moment of construction was showing the best energy performance of an office building ever
constructed in Finland. Interesting to note that according to interviewee the initiative to
construct more sustainable office building came from the future building users and have
been endorsed by government entity, City of Helsinki. Currently, the building is used by the
City of Helsinki’s Environment Centre and the Faculty of Biological and Environmental
Sciences of the University of Helsinki. The office includes 240 workspace, conference
rooms, a cafeteria, and an exhibition space. Per interviewee, it is essential that the building
is open for all visitors that can follow the office’s energy consumption on screens installed
in the lobby. This initiative increases the awareness of the importance of sustainable
construction to the public. The project is an excellent illustration of zero-energy building. For
example, it is analyzed by some researchers as a case of estimating of real energy
consumption of net-zero house in comparison with simulated calculations. Moreover, the
interviewee highlighted that although the total costs were estimated being 21,6 million
euros, the final expences were remarkably lower - under 17 million. The importance of this
case is in illustrating how the future building users can trigger the sustainable SCM initiative,
the improved economic performance of the project and increased public awareness through
making finished project open for public and future research.
As mentioned before the last case is the software One Click LCA, developed by Bionova
Ltd. that supports automation of environmental impacts assessment from existing design
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data while ensuring compliance with various certification schemes (i.e., LEED, BREEAM,
DGNB and 30 other systems). According to the interviewee, the LCA is crucial for the
company to achieve a competitive advantage. The software acts as a quantitative analysis
tool in assessing the environmental hotspots in construction design. The importance of LCA
using the software is in project optimization and betters design decisions taken by the
developer and other members of the supply chain. For instance, One Click LCA has been
successfully applied by Finnish Transport Agency to calculate the environmental impacts of
the Kivikko interchange infrastructure project for assessment of the "benefits the planning
can have regarding the environmental effects of such infrastructure projects" (Bionova Ltd.,
2018). As per interviewee, the case company has a solid sustainability vision and share the
common believe that construction specialists need to start thinking about the environmental
impact of their construction projects and focus on emissions reduction to establish a "cradle
to grave" approach. Moreover, the interviewee discussed that currently Finnish construction
sector’s level of sustainable performance could not be considered as leading in term of
green solution, although "moving in the right direction" and taking necessary initiatives on
the governmental level. Interviewee felt that the future of the construction industry was in
advanced technological capabilities that could lead to stronger collaboration between
supply chain members and developed solutions to meet needs of sustainable construction
and society.
In conclusion, all four cases show that GSCM practices have a positive effect on the
sustainability of the company. However, while the high costs of construction seemed not to
be a case, the initiative of green construction development is still quite novel to the market.
In the cases A and C, the critical reason for GSCM practice adoption was the LCA
assessment as the companies were adopting two roles in construction: as development and
future building maintenance responsible unity. Important to highlight that in all cases the
main GSCM initiatives were related mostly either to Green Design (Case A, B, C) or
Certification (Case A). Other practices, such as green construction on site, green
transportation, etc., were not that important. Worth noting that the lack of sustainability
knowledge has not been mentioned as Internal Barrier by any of interviewees. Moreover,
the image of the company has improved in all cases. Regarding the most important drivers,
the governmental regulations, customer pressure, and top-management commitment have
been highlighted by many interviewees.
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6.3 GSCM practices diffusion analysis
The case study analysis revealed that in all GSCM cases the companies were acting as
“First Mover,” meaning that their initiative was first to the market. To investigate this matter,
it has been decided to conduct an additional analysis to explore the behavioral patterns of
the companies and innovation diffusion on Finnish construction market, The main purpose
of this investigation is to develop a holistic view on the process and develop more informed
and grounded decisions in the conclusion chapter of the thesis.
The theory of Diffusion of Innovation (DoI) was first introduced in 1962 by Everett Rogers,
and seeks to explain how new ideas, knowledge, and innovation are spreading in
populations over time. Many researchers chose DoI model as a theoretical framework to
study the supply chain innovation process in the industry (Meade and Islam, 2006; Qi et al.,
2011; Zhu, Tian and Sarkis, 2012; Schleper and Busse, 2013). According to Rogers (2003),
companies in the market adopt an innovation or practice at different times for two main
reasons. First, downstream supply chain members that are closer to the end consumers
are comparatively more in the focus of public interest. Thus, it might be more crucial for
them to adopt the practices and enhance the public image. Second, the adopters can be
more open for innovativeness and be willing for risk-taking. Consequently, such companies
as "early adopters" are often highly respected market members and opinion leaders. By
adopting the innovation, they generate a lighthouse effect for further adopters.
The early majority usually consists of around one-third of the total amount of adopters of
innovation. Later, as knowledge has been spread and a number of adopters have achieved
a point of critical mass, the diffusion becomes self-sustaining. Innovation in the context of
construction could be defined as an application of a non-trivial change regarding
improvement in a system or working procedure that is novel to the focus company
(Slaughter, 2000). Embedding sustainability in the project management is not a commonly
accepted practice in the construction industry in Europe (European Patent Office, 2018).
Therefore, it could be viewed as an innovative action and the process of integration of
sustainability into management construction systems has to be recognized as an innovation
diffusion process (Banihashemi et al., 2017).
As this study is focused on investigating the GSCM practices, the analysis of the Finnish
market with DoI theory will give insights on the behavioral of the market and potential
adaptation path. The ISO 14001 certification has been selected as a GSCM indicator that

86

will be applied for model development. According to Gonzales, Sarkis and Adenso-Diaz
(2008) ISO 14001 certification, companies tend to generally increase their environmental
management efforts to collaboration and demand other members of the supply chain to
adopt greener behavior. Therefore, the number of firms that have obtained ISO 14001
certification might be considered as objective representatives of the GSCM diffusion in
Finland. The data used for analysis was obtained from ISOTC (2018) and is presented in
Table 45. The number of ISO 14001 certified enterprises in Finland per year and
accumulative data used for modeling is shown graphically in figure 18.
Table 45 The number of ISO 14001 certified enterprises from 1994 to 2016, (ISOTC, 2018)
Year
Increasing number
Year
Increasing number
Year
Increasing number

1994
5
2002
750
2010
1122

1995
11
2003
1128
2011
1169

1996
31
2004
882
2012
1310

1997
82
2005
923
2013
1422

1998
156
2006
935
2014
1503

1999
470
2007
822
2015
1466

2000
508
2008
991
2016
1418

2001
687
2009
1107
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Figure 18 The number of ISO 14001 certified enterprises from 1994 to 2016

In 1969, Frank Bass has published his work on "A new product growth model for consumer
durables” which contributed mathematical ideas to the DoI concept. The Bass diffusion
model unites the classic innovation model and imitation model into one generalized model
to combine both effects (Liu et al., 2014) and takes the following form:
.

St = pm + (q – p)Yt - /Yt2

(1)

where Yt is the cumulative number of adopters as of time t, and St is the number of adopters
at time t. m represents potential market size. p is the coefficient of innovation, which refers
to an external influence or mass advertising effect. q is the coefficient of imitation, and it
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refers to the internal influence or word-of-mouth effect. Both p and q should be equal to or
larger than zero by definition.
Expression (2) is the cumulative adoption as a function of time:

Yt =

/ (12345(2(56.)7))
.
5

16 345 (2(56.)7)

+ 37

(2)

The MATLAB software curve-fitting tool has been used to model the data and test the data
fit. Graphically, the results of fitting can be seen on figure 19. As can be seen, overall the
curve fits the data quite well. The estimated coefficient of innovation, p = 0,046367,
coefficient of imitation, q = 0,06483, and potential market size, m = 1 786, values are
plausible if compared with similar studies (Sultan, Farley and Lehmann, 1990; Zhu, Tian
and Sarkis, 2012b).

Figure 19 ISO 14001 curve from the fitted results

The results show that p<q (0,06483<0,046367), which indicates that the implementation of
GSCM is mainly affected by other leading enterprises (not internally proactively), and the
diffusion curve is a logistic curve with diffusion rate rising and then falling (Zhu, Tian and
Sarkis, 2012b). The practical implication of these results can be the conclusion that in
Finland, the proactive approach and self-motivation towards GSCM are relatively low and
companies implement green practices due to imitation. Therefore, it is vital for the
government to not only motivate the leading firms in the industry to adopt GSCM practices
but to share their green knowledge, solution and initiatives with other stakeholders and
market players to develop the necessary pressure towards sustainability.
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7 CONCLUSION, LIMITATION AND FUTURE RESEARCH
In this chapter, the conclusion to the research work of this thesis is discussed with the focus
on possible theoretical and managerial applications of the findings. Moreover, the section
covers some limitations of the research and describes the potential implications of findings
for Finnish policy, industry practitioners and recommendations for future research.
7.1 Discussion and Conclusion
The importance of meeting the principles of sustainable development nowadays became
visible for all to see. However, while a lot of grounded research has been conducted in the
field of GSCM, there are still a number of research gaps to be covered. One of such
knowledge gaps has been addressed in this research. This study investigates empirically
the effect of GSCM practices on suistainable performance of the company as well as the
drivers and barriers that support or prevent such practice adoption. Evidence was collected
from a cross-country sample of Finnish construction companies using the mixed research
method of data collection and analysis. Although the finding of this study may differ by
country, on fundamental level the results of this analysis can be applied to the construction
industries in other market conditions taking into consideration the fact that GSCM issues in
the construction sector are mostly comparable across the globe.
The main results of this thesis research are described next. The systematic literature review
conducted as a part of this study revealed that the GSCM field can still be considered as
emerging and establishing. The main contributing authors are changing rapidly over time,
and at the moment, it is challenging to recognize one article, researcher or research group
as being the most influential and leading. On the other hand, there is still a lot of potential
fields not discovered; therefore, the further growth of attention to GSCM topic could be
expected. Moreover, the geographical mapping revealed that the Asian region contributed
remarkably to the amount of the research articles followed by the EU region and rest of the
world.
Regarding the empirical results, the most of the companies participated in the survey
indicated that they take into consideration green strategy practices in their companies. On
the other hand, the communication on the environmental issue between all layers of
subcontractors is one of the least practiced actions among Finnish companies. The top
management commitment is adopted or carefully considered in most of the companiesrespondents. The results of the survey have also revealed that the architectural design is
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admitted as the most important and widely applied GSCM practice. The reason might be
that with the fast development of new solutions the measurement instrument developed by
other researchers and applied in this research does not incorporate any more the latest
developments and trends in the industry and should be adjusted to include more innovative
and featuring architectural solutions and methods.
On the other side, the findings of case study methods show, that the green building design
concepts such as Eco House or NZEB are relatively novel to the Finnish market. Moreover,
the case study findings show the results corresponding to the survey results that green
actions and practices on construction site are not very common among Finnish construction
companies. On the other hand, the inspections during the construction project process is a
widely adopted method among construction firms as well and obtaining EMS or ISO
Certification. Green procurement practices are indicated by Finnish firms to be at the
average level of adoption. Most of the respondents have stated the initiation of
implementation them into practice. Most of the firms require suppliers to disclose
information about their environmental practices during the procurement process. Overall,
the most prevalent green transportation practice among respondents was the transportation
of materials in full truckload quantities.
According to the survey results, the most influencing external driver for embedding GSCM
practices in the construction supply chain are government regulations. It indicates the
substantial impact of legislation concerning construction activities in Finland on the
decision-making processes in enterprises. On the other hand, the least influencing external
factor among all respondents is the pressure from competitors. The reason behind might
be in the current low level of GSCM practices adoption on the national construction market
level. Regarding the internal drivers, the costs reduction is seen by Finnish firms as the
most important for decision-making process. In line with this result, the most significant
external barrier that prevents practicing the GSCM practices in the construction companies
is pressure for lower prices. At the same time the most critical internal barrier indicated in
the survey result, the lack of sustainability knowledge, has not been perceived as being
remarkably important by the interviewees. The rationale for that might be in the selection of
case study companies among ones effectively adopting GSCM practices, while at the same
time the survey covered all range construction firms GSCM adopters or no-adopters.
Overall, the evidence has been obtained in the positive effect of GSCM practices on the
sustainable development of the company. The most significant influencing item discovered
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is the green design. In addition, among various green design practices the implementation
of energy efficient lightning and heating systems has been found to be the most important.
Moreover, it can be reasonably stated that green strategy and green monitoring impact
positively the company performance. Furthermore, the research has shown that external
drivers has a positive influence on the likelihood of the adoption of green design practices
by the organization. On the other hand, internal barriers have a negative impact on the
probability of adoption in the company practices related to monitoring and improvement of
GSCM practices. Lastly, among others, external barriers have proven to have a negative
effect on adoption of sustainable transportation related actions in the supply chain. All above
mentioned findings are in line with the previous research of GSCM practices in construction
industry conducted by Zhang, Shen and Wu (2011b); Balasubramanian and Shukla
(2017b); Shen, Zhang and Zhang (2017) and other.
Interesting to note that analysis has also shown that there is a positive relationship between
economic and social performance of the company. That means that the higher the economic
performance of construction organization, the more likely its social performance will be at
the high level as well. This evidence provides support to the Corporate Social Responsibility
concept claiming that firms should recognize the links between different CSR activities and
financial performance and proceed with those practices that meet firm's economic
objectives as well as social goals (Carroll and Shabana, 2011).
The findings of the case study indicate the high importance of LCA for the implementation
of GSCM practices. These results support the findings of Sandin, Peters and Svanström,
(2014) and Russell-Smith and Lepech (2015) that suggest that LCA leads to the project
optimization and better design decisions taken by companies. Another significant finding is
that the cases companies that embed GSCM practices in their strategy do not experience
the burden of higher associated costs. For instance, in one case study the total project
expenses were lower than expected on the pre-construction stage.
The reason of non-adoption or low adoption of GSCM practices by Finnish firms might be
in the lack of customer awareness of LCA principles. In some case companies, the initiative
has been taken because of acknowledgement of the potential of the lower future building
maintenance costs. If the end users of the building (that are considered as a second most
important external driver after government by companies-respondents) become more
demanding towards sustainable construction decisions, the construction companies will
likely to become more willing to execute in their strategies GSCM initiatives.

91

Lastly, the analysis of DoI in the Finnish market revealed that the adoption of GSCM
activities is mainly affected by leading industry enterprises (not internally proactively
leading), meaning that in Finland, the proactive approach and self-motivation towards
GSCM are relatively low and it is possible to suggest that companies implement green
practices mostly due to imitation. Therefore, it is vital for the government to not only motivate
the leading firms in the industry to adopt GSCM practices but to share their green
knowledge, solution and initiatives with other stakeholders and market players to develop
the necessary pressure towards sustainability.
7.2 Theoretical implications
This thesis addresses the critical issue on understanding of how the embedding
sustainability principles in managing supply chains effect the company performance. The
empirical results supports the idea that firms that consider environmental impact of their
activities have better economic, social and environmental performance. This findings are in
line with the Natural Resource-Based View (NRBV) concept of a firm's competitive
advantage reached through the relationships with the environment (Hart ,1995). As NRBV
emphasizes that a company’s competitive advantage be attainable only with capabilities
enabling environmentally sustainable growth, the results of the mixed method analysis
support this theoretical approach. Additionally, as a part of measurement instrument
development, this study discusses in-depth the stages of construction process, main
members involved, and action taken. The result, construction supply chain model, could be
considered as a valuable contribution to the theory as it brings a new lens on how to
combine effectively the supply chain and project management principles.
Lastly, this study tests the validity and reliability of the measurement instrument developed
based on the previous research in the field. Tested empirically scales provide a valuable
contribution and foundation to the future research in the field of GSCM in construction field.
The key difference of this thesis is in analysis that incorporates examination of not only
relationship between GSCM practices and performance but effects of drivers and barriers
on their adoption. Moreover, the relevance of each item for each construction supply chain
member has been recognized and addresses with assistance of external experts in the field.
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7.3 Managerial and governmental implications
This thesis considers the potential adoption of GSCM by a scalable amount of Finnish
companies and discusses some construction cases and valuable industry lessons that
show the concrete positive results that sustainability can lead to. Furthermore, empirical
analysis findings of this study make possible to access and discuss the level of green
development and GSCM practices adoption by companies in the Finnish construction
industry, in addition to the typical barriers and drivers.
Moreover, the research findings of this thesis contribute to the development of the valuable
reference for supporting the governmental decisions on establishing initiatives to incent
embedding GSCM practices in Finnish construction supply chains. The research results
indicate that guidance and commitments from the Finnish government on promoting GSCM
practices in the construction industry should aim to motivate firstly the leading enterprises
to develop the necessary pressure towards sustainability in the market. That could be
achieved, for example, by adopting favorable tax policy and incentive schemes for those
organizations that incorporate GSCM in their strategy. In addition, this study provides
valuable references for construction companies to consider improving their competitive
advantage and sustainable performance through the adoption of GSCM practices as it
discovers and proves that GSCM practices are not only less expensive for the firm if
implemented wisely but have a positive impact on company’s image and brand awareness.
7.4 Limitations and future research
There are some limitations associated with this research. Firstly, the questionnaire survey
in this research was conducted in Finland, which construction market size is relatively small.
Hence there are some constrains associated with comparison of the findings with the
research conducted in other countries. Moreover, the sample size is relatively small, and
the respondents mostly come from particular type of construction company - developer.
Therefore, the results might not reflect the perceptions of other members of the building
supply chain.
Considering the qualitative part of the study the important limitation lies in the missing value
method adopted. PMDD method although having a lot of methodological advantages such
as higher probability in participation in the survey, shorter questionnaire, lower cost, etc.
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(Littvay, 2009; Pokropek, 2011), is a relatively new approach to survey design. And the
simulation-based method – Multiple Imputation (MI), which were considered to be used in
this research analysis could not been ran using the available software system.
Regarding the qualitative part of this study, it is also worth noting that interviewees’ attitudes
and personal experiences may to some degree affect their perception of the company's
GSCM initiatives taken. Therefore, further investigation is required to collect and examine
data from different layers of hierarchy to build a holistic understanding of how GSCM
practices affect the performance and what are the primary drivers and barriers of initiatives
adopted.
Future research opportunities exist in conducting the similar research in countries to
validate these findings. However, a larger sample size would be expected in any further
research, and in particular, more respondents should be attracted from the supplier and
architecture group side. It could be interesting to investigate the best practices of Eco-house
and NZEB cases in different regions of globe and compared between countries. Moreover,
the effectiveness of various GSCM incentives and policies on promoting a GSCM practices
adoption in Finland and other countries should be evaluated. Lastly, with application of DoI
theory the thought-provoking results were found. Therefore, it is recommended for the future
researchers in the field to apply the various methods of simulation modelling (e.g. the wellknown Monte-Carlo simulation) to investigate the behavior patterns of the Finnish
construction companies under different market conditions.
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APPENDICES
APPENDIX 1 Evolution of the research on sustainable SCM from 2008 to 2018

Figure 1 Main clusters of authors on GSCM topic from 2008-2012

Appendix 1 continued

Figure 2 Main clusters of authors on GSCM topic from 2012-2015

Figure 3 Main clusters of authors on GSCM topic from 2016-2018

APPENDIX 2: The questionnaire

Embedding Sustainability in Managing Construction Supply
Chains
Start of Block: Basic Information
Thank you for participating in this study!
This survey is intended to investigate the green practices of the companies operating in the construction industry in Nordic states and
the impact these practices have on their performance. Please answer the questions according to the best of your knowledge.
The survey should not take more than 5 minutes to complete.
Once the survey and the subsequent analysis have been carried out, the results will be made available to all participants and will be sent via
email if indicated in the last question.
The data collected will be held confidentially, your name will not be used at a personally identifiable level for any other purposes.
If you have any questions regarding this study please contact: Iryna Maliatsina, Iryna.Maliatsina@lut.fi

What is your age:

o
o
o
o
o

Under 25 (1)
25-35 (2)
35-45 (3)
45-55 (4)
Over 55 (5)

How many years of professional work experience in the construction industry do you have?

o
o
o
o

0-2 (1)
3-5 (2)
6-10 (3)
Over 10 (4)

Your position in the company:

o
o
o

Top management (i.e. President, CEO, Vice President) (1)
Middle Management (i.e. Director, Senior Manager, Manager) (2)
Non-managerial (i.e. accountant, assistant, specialist, etc.) (4)

Company name (optional)
________________________________________________________________

Company was founded in year
________________________________________________________________

Number of employees in the company:

o
o
o
o
o
o

Less than 50 (1)
51-100 (2)
101-300 (3)
301-500 (4)
501-5000 (5)
More than 5000 (6)

End of Block: Basic Information
Start of Block: Type of stakeholder
Our company is a/an ... (please select the most applicable)

o
o
o
o

Developer (initiates the new building project; sets timeline for the project; etc.) (1)
Architect/Consultant (design the building; periodically monitor the project progress; etc.) (2)
Contractor (onsite construction and site management including transportation; etc.) (3)
Supplier (responsible for design, manufacturing and supply of construction materials/components/equipment; etc.) (4)

End of Block: Type of stakeholder
Start of Block: 1. Green Strategy
Please describe the green strategy practices in your company:
Not considering it
Planning to
(1)
consider it (2)
Stating clearly the
environmental goals
in the business
strategy
Evaluating the
benefits and costs
of the project to
society and
environment
Effective
communication on
environmental issue
between all layers
of subcontractors
Inclusion of
environmental
management in
tendering
requirements
Top-management
commitment to
sustainability
End of Block: 1. Green Strategy
Start of Block: 2. Green Design

Considering it
currently (3)

Initiate
implementation (4)

Implementing
successfully (5)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Please describe the green design practices in your company:
Not considering it
Planning to
(1)
consider it (2)

Considering it
currently (3)

Initiate
implementation (4)

Implementing
successfully (5)

Consideration for
energy efﬁcient
lighting system

o

o

o

o

o

Consideration for
energy efﬁcient
heating system

o

o

o

o

o

Consideration for
energy efﬁcient
automation systems

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Consideration for
energy efﬁcient
ventilation and air
conditioning
systems
Consideration of
materials with high
recycled content
and low embodied
energy
Consideration to
reduce the use of
hazardous
materials
End of Block: 2. Green Design

Start of Block: 3. Green Purchasing
Please describe the green purchasing practices in your company:
Not considering it
Planning to
(1)
consider it (2)
Environmental
criteria are included
in material
purchase decisions
Information sharing
with suppliers
regarding the
technological
developments
relating to their
operations
Require suppliers to
disclose information
about their
environmental
practices
Require suppliers to
obtain certification
of their
environmental
management
systems

Considering it
currently (3)

Initiate
implementation (4)

Implementing
successfully (5)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

End of Block: 3. Green Purchasing
Start of Block: 4. Green Transportation

Please describe the green transportation practices in your company:
Not considering it
Planning to
(1)
consider it (2)
Employees are
encouraged to use
shared transport
and public
transport

Considering it
currently (3)

Initiate
implementation (4)

Implementing
successfully (5)

o

o

o

o

o

Materials are
transported in full
truckload quantities

o

o

o

o

o

Materials are
transported in fuel
efﬁcient vehicles

o

o

o

o

o

Initiate
implementation (4)

Implementing
successfully (5)

End of Block: 4. Green Transportation
Start of Block: 5. Green Construction
Please describe the green construction practices in your company:
Not considering it
Planning to
(1)
consider it (2)

Considering it
currently (3)

Provision for waste water
recycling at
project/manufacturing site

o

o

o

o

o

Use of prefabricated
components in projects

o

o

o

o

o

o

o

o

o

o

Implementation of
comprehensive material
saving plan

o

o

o

o

o

Implementation of
comprehensive land
saving plan

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Implementation of
comprehensive waste
abatement plan for
project/manufacturing sites

Automation is used for
onsite
construction/manufacturing
activities
Fuel efﬁcient
equipment/machinery is
used at
project/manufacturing site
Investment in green
equipment and technology
Consideration methods
and materials for noise
control/ noise reduction
during construction
End of Block: 5. Green Construction
Start of Block: 6. Green Monitoring

Please describe the green monitoring/ green improvement practices in your company:
Not considering it
Planning to
Considering it
(1)
consider it (2)
currently (3)

Initiate
implementation (4)

Implementing
successfully (5)

Implementation of
EMS; ISO
Certiﬁcation

o

o

o

o

o

Environmental
training

o

o

o

o

o

Inspections during
the construction
project

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Neutral (3)

Agree (4)

Establishing an
environmental
communications link
to receive
environmental
complaints and
suggestions
Reporting the
company’s
environmental
initiatives within
magazines and
other media

End of Block: 6. Green Monitoring
Start of Block: 1. ENVIRONMENTAL PERFORMANCE MEASURES
Please assess the environmental performance of your company:
Strongly Disagree
Disagree (2)
(1)
Number of
environmental
accidents has
declined

Strongly Agree (5)

o

o

o

o

o

Greenhouse gas
emissions have
decreased

o

o

o

o

o

Water consumption
has decreased

o

o

o

o

o

Energy consumption
has decreased

o

o

o

o

o

Landﬁll waste has
decreased

o

o

o

o

o

Hazardous material
use has decreased

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

A company’s
environmental
situation has
improved
Site disruption has
decreased

End of Block: 1. ENVIRONMENTAL PERFORMANCE MEASURES
Start of Block: 2. ECONOMIC PERFORMANCE MEASURES

Please assess the economic performance of your company:
Strongly Disagree
Disagree (2)
(1)
Material expenses per
unit
constructed/manufactured
has decreased
Cost of waste treatment
and discharge per unit
constructed/manufactured
has decreased
Environmental penalties
and fines per unit
constructed/manufactured
has decreased

Neutral (3)

Agree (4)

Strongly Agree (5)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Neutral (3)

Agree (4)

End of Block: 2. ECONOMIC PERFORMANCE MEASURES
Start of Block: 3. SOCIAL PERFORMANCE MEASURES
Please assess the social performance of your company:
Strongly Disagree
Disagree (2)
(1)
Corporate image in
environmental
performance has
improved
Number of
environment-related
sickness and
injuries has reduced
Aesthetic of design
has improved
Community
disturbance during
construction has
decreased

Strongly Agree (5)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

End of Block: 3. SOCIAL PERFORMANCE MEASURES
Start of Block: 1. DRIVERS
Please assess the importance of sustainability drivers to your company:
Very low (1)
Low (2)

Moderate (3)

High (4)

Very high (5)

Government
regulations

o

o

o

o

o

Pressure from supply
chain stakeholders

o

o

o

o

o

Pressure from
competitors

o

o

o

o

o

Pressure from clients
(end-customers)

o

o

o

o

o

Enhancing the
reputation and brand
image

o

o

o

o

o

Top managers'
environmental
commitment

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Cost Reduction
Opportunities for
internationalisation
End of Block: 1. DRIVERS
Start of Block: 2. BARRIERS

Please assess the importance of sustainability barriers to your company:
Very low (1)

Low (2)

Moderate (3)

High (4)

Very high (5)

Shortage of green
professionals

o

o

o

o

o

Lack of partners’
commitment

o

o

o

o

o

Inflexible and tight
stakeholders
deadlines

o

o

o

o

o

Lack of buyer
awareness

o

o

o

o

o

Pressure for lower
prices

o

o

o

o

o

Lack of sustainability
knowledge

o

o

o

o

o

High costs of
implementation

o

o

o

o

o

Lack of
management
commitment

o

o

o

o

o

End of Block: 2. BARRIERS
Start of Block: Results
Would you like to receive the summary copy of this study results via email?

o
o

Yes
No

End of Block: Results

APPENDIX 3: Descriptive statistics of GSCM practices
Table 1 The relative weight of GSCM practices for members of the construction process
Code

GS1
GS2
GS3
GS4
GS5
GD1
GD2
GD3
GD4
GD5
GD6
GD7
GD8
GD9
GD1
0
GD1
1
GP1
GP2
GP3
GP4
GT1
GT2
GT3
GT4
GC1
GC2
GC3
GC4
GC5
GC6
GC7
GC8
GC9
GMI1
GMI2
GMI3
GMI4
GMI5

All respondents
(N=42)

(1) Developer
(N=6)

(2) Architect/
Consultant
(N=4)

(3)
Contractor
(N=22)

(4) Supplier
(N=10)

Mean
Rank
Green Strategy
3,80
1
3,80
1
3,30
3
3,80
1
3,60
2
Green Design
4,20
4
3,90
5
4,30
3
4,20
4
4,50
1
4,50
1
4,30
3
4,40
2
4,20
4
4,30
3

Mean

Rank

Mean

Rank

Mean

Rank

Mean

Rank

3,83
3,67
3,50
4,00
4,00

2
3
4
1
1

3,75
4,00
3,00
3,50
3,00

2
1
4
3
4

2,68
2,55
2,82
2,86

3
4
2
1

2,90
3,10

2
1

3,67
3,17
3,83
3,67
4,33
4,17
3,83
4,00
3,67
3,83

5
6
4
5
1
2
5
3
5
4

5,0
5,0
5,0
5,0
4,8
5,0
5,0
5,0
5,0
5,0

1
1
1
1
2
1
1
1
1
1

2,81
3,00

2
1

2,70
2,20
1,50
1,90
2,40
3,10

2
4
6
5
3
1

4,20

3,67

5

5,0

1

-

-

-

-

4,50
1,50
1,50

1
2
2

2,64
2,95
3,05
2,41

3
2
1
1

-

-

-

-

2,36
2,32
3,09
2,36

2
3
1
2

3,00
3,30
3,00

2
1
2

1,00
5,00
1,00
4,75
5,00
-

3
1
3
2
1
-

1,81
3,27
3,23
2,50
2,23
2,86
2,36
2,64
2,95

9
1
2
7
8
4
6
5
3

1,00
2,00
2,20
-

3
2
1
-

4

Green Procurement
2,86
3
3,67
1
3,07
2
3,50
2
3,18
1
3,67
1
2,61
4
3,33
3
Green Transportation
2,36
2
2,32
3
3,09
1
2,36
2
Green Construction
1,81
9
3,27
1
3,23
2
2,50
7
2,23
8
2,86
4
2,36
6
2,64
5
2,95
3
Green Monitoring and Improvement
2,96
2
3,17
2
2,54
4
3,00
5
3,57
1
3,83
1
2,89
3
3,33
3
2,50
5
3,17
4

1,00
4,75
1,00
4,75

2
1
2
1

2,91
2,41
3,50
2,77
2,32

2
4
1
3
5

2,40
2,20
2,80
1,60

-

Appendix 3 continued
Green Strategy
45
40
35
30
25
20

5
4

15
10
5

3
2

0

Clear
environmental
goals in strategy

Evaluating effect
Effective
of the project to communication on
society and
the environmental
environment
issue between
subcontractors

Inclusion of
environmental
management in
tendering
requirements

Top-management
commitment to
sustainability

1

Green Design (1/2)
25
20

5

15

4

10

3

5

2

0

Environmental
impact assessment

Flora and fauna
populations

Natural lighting

Wastewater recycling

Energy efﬁcient
lighting system

1

Green Design (2/2)
45
40
35

5

30
25

4

20
15

3

10
5

2

0

Energy efﬁcient
heating system

Energy efﬁcient Energy efﬁcient
automation
ventilation and air
systems
conditioning
systems

Materials with
high recycled
content, etc.

Reduce the use
of hazardous
materials

Methods and
materials for
noise control

1

Green Procurement
35
30
25

5

20
15

4

10

3

5

2

0

Environmental criteria Information sharing with Require suppliers to
Require suppliers to
included in material suppliers regarding the disclose information
obtain certification of
purchase decisions
technological
about their
their EMS
developments
environmental practices

1

Figure 1 Descriptive statistics of GSCM practices: Green Strategy, Green Design, Green
Procurement

Appendix 3 continued
Green Transportation
35
30
25

5

20
15

4

10

3

5

2

0

Provision of
accommodation to
employees near project
sites

Employees are
Materials are transported Materials are transported
encouraged to use public in full truckload quantities in fuel efﬁcient vehicles
transport

1

Green Construction (1/2)
40
35
30

5

25
20

4

15

3

10
5

2

0

Waste water
recycling at
project/manufacturing
site

Prefabricated
components

Waste abatement
plan

Material saving plan

Land saving plan

1

Green Construction (2/2)
35
30
25

5

20

4

15
10

3

5

2

0

Automation is used for
onsite construction

Fuel efﬁcient
equipment/machinery

Investment in green
equipment and technology

Noise control/ noise
reduction during
construction

1

Green Monitoring and Improvement
45
40
35
30
25
20
15
10

5
4
3

5
0

2
Implementation of
EMS; ISO
Certiﬁcation

Environmental
training

Inspections during
the construction
project

Environmental
communications link

Reporting the
company’s
environmental
initiatives within
media

Figure 2 Descriptive statistics of GSCM practices: Green Transportation, Green Construction,
Green Monitoring and Imporovement

1

APPENDIX 4: Descriptive statistics of sustainable performance indicators
Table 1 The relative weight of sustainable performance for members of the construction process
Code

EM1
EM2
EM3
EM4
EM5
EM6
EM7
EM8
SM1
SM2
SM3
SM4
ECM1
ECM2
ECM3

All
(1)
respondents
Developer
(N=42)
(N=6)
Mean Rank
Mean Rank
Environmental Performance (EP)
3,57
3
3,50
4
3,52
4
3,50
4
3,52
4
4,00
1
3,38
6
3,50
4
3,69
1
3,50
4
3,52
4
3,83
2
3,64
2
3,50
4
3,45
5
3,67
3
Social Performance
3,79
1
4,00
1
3,62
1
4,00
1
3,40
3
3,50
2
3,43
2
3,33
3
Economic Performance (EcP)
3,19
3
3,33
3
3,29
1
3,50
2
3,21
2
3,67
1

(2) Architect/
Consultant
(N=4)
Mean Rank

(3)
Contractor
(N=22)
Mean Rank

(4) Supplier
(N=10)
Mean

Rank

3,75
4,00
4,00
4,25
4,00
3,25
4,00
3,75

3
2
2
1
2
4
2
3

3,64
3,41
3,41
3,41
3,50
3,45
3,68
3,50

2
5
5
5
3
4
1
3

3,40
3,60
3,30
2,90
4,10
3,60
3,50
3,10

3
2
4
6
1
2
3
5

4,75
3
5
4,5

2
4
1
3

3,73
3,68
3,23
3,27

1
2
4
3

3,40
3,50
3,10
3,40

2
1
3
2

4,00
3,75
3,75

1
2
2

3,27
3,05
3,23

1
3
2

2,60
3,50
2,70

3
1
2

Appendix 4 continued
Environmental Performance (1/2)
45
40
35
30
25
20
15
10
5
0

5
4
3
2
Number of
GHG emissions have Water consumption has Energy consumption
environmental
decreased
decreased
has decreased
accidents has declined

1

Environmental Performance (2/2)
45
40
35
30
25
20
15
10
5
0

5
4
3
2
Landﬁll waste has
decreased

Hazardous material use
A company’s
has decreased
environmental situation
has improved

Site disruption has
decreased

1

Economic Performance
45
40
35

5

30
25

4

20
15

3

10
5

2

0

Material expenses per unit
constructed/manufactured
have decreased

Cost of waste treatment and Environmental penalties and
discharge per unit
fines per unit
constructed/manufactured
constructed/manufactured
has decreased
has decreased

1

Social Performance
45
40
35
30

5

25
20

4

15

3

10
5
0

2
The corporate image in
environmental
performance has
improved

The number of
environment-related
sickness and injuries
has reduced

Aesthetic of design has Community disturbance
improved
during construction has
decreased

Figure 1 Descriptive statistics of GSCM performance indicators

1

APPENDIX 5: Descriptive statistics of GSCM practices drivers and barriers
Table 1 The relative weight of drivers and barriers of GSCM practices for members of the
construction process
Code

ED1
ED2
ED3
ED4
ID1
ID2
ID3
ID4
EB1
EB2
EB3
EB4
EB5
IN1
IN2
IN3

All
respondents

(1)
Developer

(2)
Contractor

(3) Supplier

(4) Architect/
Consultant

Mean
External Drivers
3,97
3,00
2,79
3,74
Internal Drivers
3,64
3,47
3,88
2,88
External Barriers
2,59
2,74
3,15
3,29
3,62
Internal barriers
3,56
3,41
2,79

Mean

Mean

Mean

Mean

4,20
3,60
3,60
4,20

3,70
2,80
2,70
3,60

4,17
2,50
1,83
3,33

5,00
4,33
4,00
4,67

4,00
4,00
4,40
2,80

3,55
3,20
3,80
2,80

3,50
3,17
3,67
2,83

4,00
5,00
4,00
3,67

3,80
3,60
3,20
3,20
3,40

2,40
2,75
3,15
3,60
3,80

3,00
2,83
3,00
2,67
3,33

1,00
1,00
3,33
2,67
3,33

3,60
3,80
3,40

3,80
3,50
2,90

2,83
2,83
2,67

3,33
3,33
1,33

Appendix 5 continued
External Drivers
45
40

5

35
30

4

25

3

20
15

2

10
5

1

0

Government regulations Pressure from supply
chain stakeholders

Pressure from
competitors

Pressure from the client

Internal Drivers
45
40

5

35
30

4

25
20

3

15
10

2

5

1

0

Improving reputation

Environmental
commitment

Cost Reduction

Internationalization

External Barriers
45
40
35
30

5

25

4

20

3

15
10

2

5

1

0

Shortage of green
professionals

Lack of partners’
commitment

Inflexible and tight
stakeholders
deadlines

Lack of buyer
awareness

Pressure for lower
prices

Internal Barriers
45
40
35

5

30

4

25
20

3

15

2

10

1

5
0

Lack of sustainability knowledge

High costs of implementation

Lack of training and commitment

Figure 1 Descriptive statistics of drivers and barriers to implementation of GSCM practices

APPENDIX 6: Missing data summary for GSCM practices
Table 1. Missing data summary for GSCM practices
Variable
GD1
GD2
GD3
GD4
GD5
GD6
GD7
GD8
GD11
GS2
GS3
GS4
GP1
GP2
GP3
GP4

Number of missing
observations
32
32
32
32
22
22
22
22
32
10
10
32
14
10
10
10

Number of valid
observations
10
10
10
10
20
20
20
20
10
32
32
10
28
32
32
32

Variable
GT1
GT2
GT3
GT4
GC1
GC2
GC3
GC4
GC5
GC6
GC7
GC8
GC9
GMI3
GMI4

Number of missing
observations
20
10
10
10
6
16
16
16
16
20
10
10
16
10
4

Number of valid
observations
22
32
32
32
36
26
26
26
26
22
32
32
26
32
38

APPENDIX 7: Shapiro-Wilk test for normal data for GSCM performance, GSCM driver and
barriers
Table 1 Shapiro-Wilk test of GSCM performance variables for normal data distribution
Variable

W

Prob>z

Variable

W

Prob>z

Variable

W

Prob>z

EM1

0,94809

0,05520*

EM6

0,99746

1,00000

ECM3

0,98772

0,92599

EM2

0,85575

0,00009***

EM7

0,90361

0,00185***

SM1

0,97380

0,43920

EM3

0,92494

0,00877***

EM8

0,99507

0,99963

SM2

0,96394

0,20401

EM4

0,92977

0,01273**

ECM1

0,98816

0,93616

SM3

0,99216

0,99163

EM5

0,99287

0,99525

ECM2

0,97830

0,59658

SM4

0,99313

0,99622

*p<0,1 **p<0,05 ***p<0,01

Table 2 Shapiro-Wilk test of GSCM drivers and barriers variables for normal data distribution
Variable

W

Prob>z

Variable

W

Prob>z

Variable

W

Prob>z

ED1

0,97090

0,35383

ID3

0,96379

0,20153

EB4

0,96893

0,30385

ED2

0,97096

0,35550

ID4

0,99720

1,00000

EB5

0,91776

0,00512***

ED3

0,99001

0,97009

EB1

0,95973

0,14443

IN1

0,99838

1,00000

ED4

0,98902

0,95381

EB2

0,97708

0,55116

IN2

0,91873

0,00550***

ID1

0,98052

0,68161

EB3

0,99694

0,99999

IN3

0,97713

0,55298

*p<0,1 **p<0,05 ***p<0,01

