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A Study of Sustainable Practices in the Sustainability Leadership of International

Contractors

Abstract

With an increasing global need for sustainable development, numerous world-leading
construction corporations have devoted significant efforts to implementing sustainable
practices. However, few previous studies have shared these valuable experiences in a
systematic and quantitative way. RobecoSAM has published The Sustainability Yearbook
annually since 2004, which lists the sustainability leaders in various industries, including
the construction industry. Learning from those sustainability leaders in the construction
industry can provide useful references for construction-related companies when
developing their sustainable development strategies. Based on a comprehensive literature
review, this paper identified 51 methods used for improving sustainability performance
and 34 outcomes achieved via these methods. These methods and outcomes are used for
coding the sustainable practices of sustainability leaders in the construction sector. Using
the coding system, 133 annual sustainability reports issued by 22 sustainability leaders
(The Sustainability Yearbook, RobecoSAM 2010-2016) in the construction sector were
analyzed using content analysis. Social network analysis was then employed to identify the
key adopted methods and achieved outcomes (KAMAOQO) of these leaders. The dynamic
trend and regional analysis of KAMAO are also presented. These KAMAO findings
provide valuable guidance for international contractors to develop a better understanding
of the primary sustainable methods adopted by sustainability leaders in the construction
sector and the top outcomes achieved by these leaders. The findings also provide a useful

reference for international contractors to evaluate their current sustainability-related
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strategies and make improvements.
Keywords: Sustainability leader; Construction market; Sustainable practice; Social

network analysis; Key adopted methods and achieved outcomes (KAMAO)

Introduction

The construction industry is an important sector in promoting national socioeconomic
development, in particular for developing countries (Chen et al., 2017; Guo et al., 2019;
Tembo-Silungwe and Khatleli, 2018). The construction industry is the pillar industry in
China; it produces nearly 7% of the total Gross Domestic Product (GDP) and provides
over 30 million jobs (National Bureau of Statistics of China (NBSC), 2015). Construction
products have a significant influence on economic activities, human health and social
behavior, as well as on cultural identity and civic pride (Pearce, 2003). Nevertheless, they
also have a number of negative impacts on the environment, such as extensive natural
resources consumption, pollution, and greenhouse gas emissions. According to the U.S.
Environmental Protection Agency (2009), the building sector is responsible for 72% of
electricity consumption, 39% of energy consumption, 67% of solid waste, and 13% of
potable water consumption. Research by Wu et al. (2018) has further pointed out that the
construction industry is the second largest carbon emitter, accounting for approximately 33%
of global carbon emissions. Shi et al. (2017) stated that as a resource-intensive industry,
the construction industry accounts for 30% of total energy consumption, consumes 70% of
cement products and 25% of steel products in China.

Sustainable construction, defined as the creation and responsible maintenance of a

healthy built environment based on resource-efficient and ecological principles, is
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proposed to mitigate these environmental and resources challenges in the construction
sector (Burke et al., 2018; Kibert, 1994). There are numerous benefits for contractors in
implementing sustainable construction practices. Research by Tan et al. (2011) and Tan et
al. (2015) has suggested that a sustainable construction strategy, such good corporate
governance of environmental and social issues, can not only increase a company’s
shareholders’ value but also enhance their its valuable reputation. Robinson et al. (2006)
concluded that competitive advantages can be achieved by implementing sustainable
practices in construction, such as cost-saving by reducing construction waste, better labor
safety and health deriving from risk-reduction plans, and revenue gains from improved
sustainability performance in the market. Given these benefits, it is crucial to establish
sustainable practices in construction companies at the global level.

Over last decades, many large international construction corporations, such as
Hyundai Engineering & Construction Co. Ltd., Daelim Industrial Co. Ltd., ACCIONA,
Fomento de Construcciones y Contratas and Hochtief AG, have implemented various
sustainable strategies (e.g., waste management, stakeholder engagement, ethical
management and the like) to improve their corporate sustainability performance. While it
has become important to share these successful sustainable practices among different
construction companies, to the best of our knowledge, no relevant study has been carried
out to examine the experiences and lessons of those sustainable practices in a quantitative
and systematic way. Most existing studies focus on introducing the sustainable methods
and outcomes (Ajayi et al., 2017; Jaafar et al., 2017; Sullivan, 2010). However, some basic

questions have still not been adequately answered. For instance, what are the widely used
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methods and associated outcomes of the promotion of corporate sustainability performance
at the global level? Among them, what key adopted methods and achieved outcomes
(KAMAO) are necessary to being sustainability leaders? Are there any dynamic trends
over time? Do they differ according to region? Thus, there is a need to systematically and
quantitatively learn about and study the practices of sustainable construction. In this paper,
51 methods and 34 outcomes for promoting sustainable construction were identified based
on a comprehensive literature review. Data on 133 annual sustainable reports from 22
world-leading construction corporations were collected and analyzed to answer these

questions related to sharing sustainable construction practices.

Literature review of the methods and outcomes of corporate sustainability

Previous studies have focused on identifying the effective practices of cooperate
sustainability under four dimensions, including governance, economic, social and
environment, which are regarded as the four pillars of sustainability assessment (Shen et
al., 2011). For the governance dimension, Jeronimo Silvestre et al. (2015) identified
“management system certification,” such as the International Organization for
Standardization (ISO) 14001, Occupational Health and Safety Management Systems
(OHSAS) 18001, and Account Ability (AA) 1000, as an effective method to promote the
sustainability performance of 85 companies. Based on a comprehensive literature review,
Linnenluecke and Griffiths (2010) proposed the sustainable “corporate culture with shared
values” method, which enables enhanced coordination and increased motivation and goal
alignment among organizational members. Research by Robinson et al. (2006) underlined

the importance of the “knowledge management” (i.e., creating and sharing knowledge)
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method to strengthen an organization’s learning performance.

In the economic field, Lo and Sheu (2007) introduced the sustainable “business
portfolio optimization” method to identify attractive markets and opportunities, which can
help organizations adjust their sales strategies and which in due course creates economic
growth. Rao and Holt (2005) suggested that the “supply chain management” method has
the ability to enhance corporate sustainability performance, especially by improving
economic performance such as cost saving. Sherwin et al. (2016) used a “proactive cost
management” strategy to examine and compare the cost of each potential plan in advance
in order to reduce the cost of a project and increase its profit.

As for the social perspective, the sustainable “social contribution” method, such as
donations for disabled individuals on social welfare, local employment generation and
investments in other areas (e.g., building houses, parks, libraries, and schools), was
proposed by Arrive and Feng (2018), who found it can enhance a company’s reputation
and competitiveness. The study by den Hond et al. (2015) proposed that corporations use
the *cooperation with non-governmental organizations (NGOs)” method, whereby
environmental NGOs and business-oriented international NGOs respond to social and
political pressures in their competitive environment to bolster their legitimacy and
reputation and to anticipate and forestall negative actions by stakeholders. Jenkins et al.
(2016) noted that “work-life balance” is a sustainable method, as it has substantial benefits
not only for individual workers but also for the organization as a whole; for example, it can
reduce absenteeism and illness rates and employee stress, and can increase the company’s

productivity and profitability.
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With regard to the environmental dimension, Boiral and Heras-Saizarbitoria (2017)
recommended the “protection of biodiversity” method, involving wetlands, water, species
and forests, to help a company meet its regulation requirements and protect its reputation,
which in turn increases its revenue. Research by Hellweg and i Canals (2014) introduced
the sustainable “implementation of life-cycle assessment” strategy to help firms
benchmark and optimize the environmental performance of their products and to help
authorities design policies for sustainable consumption and production. Kristina et al.
(2014) proposed the effective “waste management” method, which involves enhancing
recycling, reusing and reducing (3R) to minimize environmental pollution and which uses
organic and inorganic waste as a resource.

Based on our comprehensive literature review, a list of 51 widely used methods under

four dimensions of corporate sustainability is presented in Appendix A.

Similarly, a list of 33 outcomes of corporate sustainability is presented in Appendix B.
As opposed to methods being classified under four dimensions, outcomes are not classified.
Completing this work is a challenge, as one method could achieve multiple outcomes and
different methods could lead to the same outcome. Take the outcome of *“company
reputation improved” as an example: three different methods, including “social
contribution” (Arrive and Feng, 2018), “promoting entrepreneurship” (Bierwerth et al.,
2015) and “climate change response” (Lee et al., 2015), could increase corporate
reputation. Nevertheless, these methods belong under three different dimensions: social,
governance and environment. Therefore, it is difficult to classify this outcome under any of

these dimensions.
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Research methods

To identify the key adopted methods and achieved outcomes for promoting the
sustainability performance of construction corporations, the content analysis and social

network approaches were used in this research.

Content analysis
Content analysis was used to extract useful information from the collected annual

sustainability reports. Content analysis was first proposed by Berelson as a research tool to
study documents and uncover patterns in communication in a systematical way (Berelson,
1952). It can be used to analyze large-scale data with relevant analytic software. Human
coding can also be used to supplement information extraction and is applicable to small-
scale data (Tan et al., 2017).

Five procedures use content analysis (Tan et al., 2017). First, research questions or
hypotheses should be proposed. In this research, the research questions involve identifying
the key adopted methods and achieved outcomes of sustainable construction practices.
Second, research samples should be collected. A total of 133 annual sustainability reports
from 22 sustainability leaders in the construction sector were collected. Third, the
categories for coding should be defined. The coding for sustainable methods and outcomes
is presented in Appendixes A & B. Fourth, the content should be coded in detail. In this
study, the human coding method is used for information extraction with reference to
Appendixes A & B. Fifth, extracted data should be analyzed. A social network analysis
tool is used to identify the key adopted methods and achieved outcomes (KAMAO) for

promoting the sustainability performance of construction corporations.
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Social network analysis
Social network analysis (SNA) is an analytical method used to study social structures

by means of network and graph theory. The network comprises various nodes (e.g.,
people, organizations within the network) and links (relationships among the nodes).
Initially, SNA was used for solving social and psychological problems. In recent years, the
principle behind this method has been extended to identify key elements and factors within
a complex network (Fritsch and Kauffeld-Monz, 2010; Loughead et al., 2016; Tan et al.,
2017). The degree of centrality is used to measure the importance of different nodes in the
network, whereby important nodes can be identified (Tan et al., 2017). For sustainable
construction practices, one outcome can be achieved by using many methods, and one
method can contribute to various outcomes. The adopted methods and achieved outcomes
identified from sustainable practices comprise a complex network, making social network

analysis a suitable tool to analyze its relations.

Data collection
The major source of the data is from RobecoSAM’s Sustainability Yearbook.

RobecoSAM, a world-famous investment company that focuses primarily on global
sustainability investing, provides asset management, sustainability assessments, impact
analysis and investing, and benchmarking services. RobecoSAM publishes the Dow Jones
Sustainability Indices (DJSI) and “The Sustainability Yearbook” to rank the sustainability
of global companies. Within each industry, the company with the highest score is termed a
sector leader and the company with the largest improvement is termed an industry mover.
The sustainability leaders within each industry will receive three awards: gold class

(within 1% of the sector leader’s score), silver class (within 1%-5% of the sector leader’s
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score) and bronze class (within 5%-10% of the sector leader’s score) (Tan et al., 2015).
Based on the aims of the present research, the sustainability leaders in the heavy
construction sector were selected for this study. Lastly, 22 international construction
companies were identified based on the Sustainability Yearbook 2010-2016, as shown in
Appendix C. A total of 133 annual sustainability reports from 2010-2016 were obtained
from the 22 international contractors’ official websites. The data retrieved from the
sustainability yearbooks and reports were used for content analysis and social network

analysis.

Data extraction and analysis
Overview of the practices in the reports
The adopted methods and achieved outcomes in the annual sustainability reports were

identified and coded by systematically reviewing all the reports. The methods adopted in
the reports are ranked by their frequencies, as shown in Figure 1.
<Insert Figure 1 here>

It can be seen from Figure 1 that there are significant differences in frequency among
methods. For instance, the environmental method “sustainable and efficient resource and
material use (MEN6)” is the most widely used method, with a frequency of 132, which
indicates that this method has been mentioned in nearly all of the reports. On the other
hand, the economic method “minimizing bureaucracy (MEc1)” is found only once in all
133 reports. This is primarily because the method is usually used in state-owned
companies or organizations (Berkowitz et al., 2017). Nevertheless, as most of these 22

companies (70%) are privately owned, it is therefore understandable that very few of them
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use this method. The top 10 methods are the following: sustainable and efficient resource,
energy and material use (MEn6), health & safety management (MS10), stakeholder
engagement (MG3), concern with customer satisfaction (MEc5), waste management
(MEN7), eco-friendly technologies (MEn3), climate change response (MEn2), quality
management (MEc4), ethical management (MS1), materiality analysis (MG4), risk
management (MEc3), and social contribution (MS13). Actually, there are 12 methods, as
the last three methods have the same frequency of 103. These top 10 methods are used for
social network analysis. Similarly, 34 outcomes are ranked by frequency and shown in
Figure 2.
<Insert Figure 2 here>

There are also significant differences among outcomes. For instance, the outcome of
environmental impacts reduced (O13) ranked first, with a frequency of 131, implying that
most reports achieved this outcome. This is reasonable, as most environmental methods
are ranked high, such as MEn6 (top 1), MEn7 (top 5), MEn2 (top 6) and MEn33 (top 7),
and these methods can help reduce environmental impacts (O13). Outcome O11 was only
mentioned once in the reports, the outcome of implementing the MEcl method. In
addition, as seen in Figure 1, it is easy to note that the average frequency of each outcome
is much higher than that of each method. This is mainly due to one method leading to
various outcomes, and therefore outcomes could be easily counted. The top 10 outcomes
are the following: environmental impact reduced (O13), employee creativity, motivation
and efficiency improved (028), company reputation improved (025), safe and pleasant

working environment created (O31), steady business growth (O7), loyal customers and

11
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reorders enhanced (O30), uncertainties reduced (O6), support from governments and
NGOs (034), employee loyalty enhanced (029), energy and resources saving (014), lower
waste generation (O16), technological capabilities enhanced (023), and satisfaction and
support of stakeholders (026). These top 10 methods are used to conduct further social

network analysis.

KAMAQO identification for promoting overall sustainability performance

The key adopted methods and achieved outcomes (KAMAO) were identified in this
research using social network analysis. As mentioned above, the top 10 frequently adopted
methods and achieved outcomes were selected to conduct a social network analysis. The
adjacency matrixes among the top 10 methods and top 10 outcomes were established based
on the cooccurrence frequency between methods and outcomes (Tan et al., 2017). For
example, the adjacency matrix is shown in Figure 3. The adjacency matrix was then
applied to the SNA software “UCINET” to calculate the centrality degree of each method
and outcome. Figure 3 presents the network between methods and outcomes and the top
five KAMAO (in green) based on the centrality degree. MEn6, MS10, MG3, MEc4, and
MEnN7 are the top five key methods, and 013, O7, 031, 025, and 028 are the top five key
outcomes. A detailed introduction to and discussion of KAMAO are found below.

<Insert Figure 3 here>

Discussion
Top 5 methods for improving sustainability performance

In Figure 4, the top 5 methods for improving international contractors’ sustainability

12
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performance are identified, including sustainable and efficient resource, energy and
material use (MEn6), health & safety management (MS10), stakeholder engagement
(MG3), quality management (MEc4), and waste management (MEnN7). In-depth analysis of
these top 5 methods is necessary to better understand how they function. Therefore, further

discussion was conducted as follows.

<Insert Figure 4 here>
Sustainable and efficient resource, energy and material use (MENG6)

MENG is the key method used to promote sustainable and green material use.
Research by Shen et al. (2017a) underscores that environmental problems in the
construction sector stem mainly from the production and use of building materials and
natural resources. The selection of building materials also has a considerable influence on
building energy performance at the operational stage. Energy consumption in the
production of building materials accounts for 33% of the total energy consumption during
the building life-cycle. Producing building materials also generates various pollutants
(Shen et al., 2017b). According to a report by The Ministry of Environmental Protection of
China (2013), the building materials and resources industry accounts for 18% of the total
national industrial pollution emissions.

It is therefore reasonable that most international contractors use this key sustainable
method. Take the golden class company Hyundai Engineering & Construction as an
example. It has evaluated the environment-friendliness of materials since 1997 and made
the procurement of environment-friendly materials and resources a priority. There are

three steps in environment-friendly materials procurement: evaluate the environmental
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friendliness of the materials, request and order the materials, and monitor the materials. All
environment-friendly materials procured by Hyundai are classified into eight codes (e.g.,
environmental mark-certified goods and 1st-rated energy efficiency goods). In addition, it
also supports the environmental management of suppliers to encourage the development
and production of environment-friendly materials. They are devoted to producing and
procuring environment-friendly products through the continuous enhancement of the
environment-friendly procurement process by signing the “Voluntary Agreement on

Environment-friendly Procurement” with the Ministry of Environment.

Health & safety management (MS10)

Jaafar et al. (2017) mentioned that the accident rate in the construction industry is
high due to a transient workforce, working at great heights, variable hazards, and very
demanding physical and mental requirements. Furthermore, Demirkesen and Arditi (2015)
believe that construction is considered a risky endeavor because of the high frequency of
work-related fatalities and serious injuries. In referring to the report from the US Bureau of
Labor Statistics (2013), even though the construction sector comprises only approximately
5% of the total workforce, the number of fatal work injuries exceed 17% and the number
of nonfatal injuries and illness total 8% each, which is 30% higher than the average of all
industries.

With safety management as the first goal of corporate management, Daelim Industrial
Co. Ltd. has devoted significant efforts to establishing a safety culture. In 2009, Daelim
Industrial acquired an international safety and health management system certification for

accident prevention and the continuous improvement of its safety and health levels. They

14
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have also established a concentrated management policy by analyzing accident cases
within their company and in the construction industry over the past five years. Last, the
company used smart phones to help locate and eliminate risk factors regardless of time and
place, thus protecting workers from danger by minimizing their exposure time to risk

factors.

Stakeholder engagement (MG3)

Yang et al. (2011) described the construction project environment as comprising high
complexity, high uncertainty, and high equivocality, which makes managing various
stakeholders even more difficult. Given the unique nature of construction projects,
additional efforts are needed for effective project team management and to balance the
interests of various project stakeholders. If the stakeholders are not managed effectively,
the probability of successful project completion is reduced due to conflicts among them.
Ineffective stakeholder management can also result in dissatisfaction with project
outcomes (Manowong and Ogunlana, 2010). Considering the complex stakeholder
environment in the construction industry, communication, coordination and collaboration
among stakeholders are considered important for improving contractors’ corporate social
responsibility (Lin et al., 2018; Xia et al., 2018).

Take the industry-leader Hyundai E&C, for example. It has defined the six major
stakeholder groups, namely, government, employees, customers, society, shareholders and
investors, and suppliers, which can influence the company either directly or indirectly
while operating various communication channels to gather opinions. The company

continues to strive to create a better future with internal and external stakeholders through
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the internalization and advancement of sustainability management. For example, in order
to enhance stakeholder engagement, the company conducted a survey with 3,424 internal
and external stakeholders through its official website, email and internal groupware and
thus gathered the opinions of customers and stakeholders on Hyundai E&C’s quality and

value, their expectation level, complaints, and loyalty.

Quality management (MEc4)

Chin-Keng (2011) found that quality management in construction projects is
important for contractors to ensure client satisfaction, establish good relationships with
clients, and maintain their long-term competitiveness. Sullivan (2010) found that,
compared with other industries, the construction industry has trouble increasing
productivity using quality management because the productivity per worker in the
construction industry has fallen by approximately 25% over the past 40 years, and the
average productivity in all industries has increased by 125%. Hyundai E&C has made
efforts to establish a standardized quality innovation program through process-based
thinking and to enhance the capability of responsible personnel. First, they identify and
respond to the needs of customers and clients in advance by conducting quality evaluations
for all sites every year. They have implemented quality education customized for each site,
reflecting each site’s various characteristics and needs. In addition, Hyundai E&C operates
an efficient quality management system to effectively respond to internal and external
quality risks and to a drastically changing market environment. To prevent the
reoccurrence of the same quality-failure cases and to spread success cases, Hyundai E&C

holds regular workshops for suppliers and provides specialized quality education
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according to work type for quality innovation in order to enhance the value chain.

Waste management (MEN7)

Construction waste is also a common concern at the global level. For example, Ajayi
et al. (2017) suggested that the construction industry produces approximately 44% of
landfill waste in the UK, 29% in the US, 44% in Australia, and an overall global average
of approximately 35%. A study conducted by Oko John and Emmanuel Itodo (2013) found
that on average 21%-30% of cost overruns occurred in construction projects due to
material wastage. Construction waste not only consumes land but also causes ecological
and environmental damage, such as the destruction of a city’s natural landscape, and soil
and water pollution (Coelho and De Brito, 2012).

With the aim of minimizing waste generation, various methodologies, processes,
technologies, and good practices relating to waste management have been incorporated in
all of ACCIONAs activities. For example, the company has a waste management plan that
identifies the main types of waste to be dealt with in each project and establishes a
management strategy to promote a circular economy model within the company. This
strategy proposes certain stages in the waste-management hierarchy, including prevention

in generation, preparation for reuse, recycling and other waste-recovery methods.

Top 5 achieved outcomes

Degree of centrality analysis shows that the top five key achieved outcomes are
“environmental impact reduced (013)”, “steady business growth (O7)”, “safe and pleasant
working environment created (031)”, “company reputation enhanced (025)”, and

“employee creativity, motivation and efficiency improved (028)”. The key achieved
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outcomes are highly correlated to the methods adopted. For example, based on the
environmental methods adopted (e.g., MEn6 and MEN7), the environmental impacts are
largely reduced and the material energy use has continuously declined. For example, at
Hyundai E&C, the steel consumed amounted to 752,000 tons in 2013 and 670,000 tons in
2015, down 11%, and concrete consumption was down 8%, sand 87%, coal 24%, and
water 47%. Hyundai E&C’s accident rate in 2015 substantially decreased to 0.14%, which
is 48% lower than the 0.27% in 2014. Medical services at the domestic site contributed to
a significant increase in the percentage of employees receiving medical check-ups, from
60% to 94% of all employees. These substantial performances show that Hyundai E&C is
constantly taking a challenging step forward in the world. The company has received a
total of 818 orders (cumulative), reaching USD 120.7 billion in accumulated overseas
orders in 2016. The company’s revenues, which were KRW 13,938.3 billion in 2013 and
KRW 17,387 billion in 2014, drastically increased to KRW 19,122.1 billion in 2015
(consolidated). Its reputation has improved and the company has received numerous
awards: “Global Environment-friendly Construction Company” awarded by the Singapore
government, “Asia Today Green Construction” awarded by Asia Today, “Energy Winner”
awarded by Consumers Korea and “Quality Excellent” awarded by the Building and

Construction Authority.

Dynamic trend and regional analysis

After identifying the key adopted methods and achieved outcomes, the dynamic
trends and regional comparison analysis are conducted in this section. A total of 22

companies are classified into three regions according to their geographical locations,
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including Europe (10 companies and 52 reports), Asia and Oceania (8 companies, 51
reports) and North America (4 companies, 30 reports). Asia and Oceania are integrated
since there is only one company in Oceania and it has very few reports. Similar to the
procedures above, the KAMAO in different continents are identified and presented in
Table 1.
<Insert Table 1 here>

As shown in Table 1, it is interesting to note that most of the key methods and
outcomes on different continents are similar. For example, most continents adopt methods
(MEn6, MG3, MEc4, MS10) and achieved the outcomes (013, 025, O7, O31) with slight
ranking differences, which indicates that geographical location is not a determining factor
of key methods and outcomes. This is primarily due to two reasons. First, most of the
companies are top international contractors, meaning they not only have projects in their
home countries but also operate a large number of international construction projects. They
compete in the international market with similar requirements for sustainable methods and
outcomes. Take Hyundai E&C, for example, benefitting from its advanced technology and
good reputation, it has 27 overseas branches and 77 construction sites in various countries
across the world, such as the UK, Algeria, Chile, Qatar, and China, with an annual revenue
exceeding 10 billion dollars, accounting for 58% for of its total income. Another example
is the world-leading Spanish construction company ACCIONA, which also has projects in
over 40 countries (e.g., the UK, Algeria, Chile, Qatar, and Canada) on five continents; its
annual revenue amounts to 3,468 million euros, or 53% of its total income. The second

reason is that most of the key methods and outcomes, such as MG3, MEc4, 013, and 025,
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are comprehensive and have been shown to be the common concerns and goals of
construction companies. Whereas their detailed strategies and outcomes may differ
slightly, the general directions should be the same among various companies.

To analyze the dynamic trend of the KAMAO, all companies’ reports were also
analyzed annually; the results of the social network analysis are shown in Figure 5.

<Insert Figure 5 here>

It can be seen from Figure 5, the KAMAO changed only slightly during the study
period 2010-2016. Most key adopted methods are the same, with slight differences in
ranking (e.g., Men6, MS10, MEc4 and MG3). This is mainly because these methods have
been assessed by these sustainability leaders and proved comprehensively effective in
promoting corporate sustainability in the construction sector. It is therefore reasonable for
companies to use the same methods annually. As mentioned earlier, most outcomes are
connected with methods, which indicates that most outcomes should be almost the same as
well (e.g., O7, 013, 025, O31). In addition, it is worth noting that most of the KAMAO of
the regional and dynamic trend analysis are the same as the overall KAMAO analysis,
which is considered solid support for the reliability of the results of overall KAMAO

analysis.

Conclusions
This study identified the key adopted methods and achieved outcomes from the best

sustainable construction corporations using content analysis and social network analysis.
The top five key adopted methods are “sustainable and efficient resource and material

use”, “health & safety management”, “stakeholder engagement”, “quality management”,
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and “waste management”. The top five key achieved outcomes are “environmental impact
reduced”, “steady business growth”, “safe and pleasant working environment created”,
“company reputation enhanced”, and “employee creativity, motivation and efficiency
improved”. In addition, a regional analysis and a dynamic trend analysis have been carried
out, and results show that the key methods and outcomes are similar for sustainability
leaders in the construction sector when temporal and geographical factors are taken into
account.

With an increasing demand for the sustainable development of the construction
industry, sustainability performance has become an important competitive advantage for
international contractors competing in the international market. Improving sustainability
performance will enhance international contractors’ competitiveness and help them win
more contracts. The findings in this study can help international contractors achieve a
better understanding of the top sustainable methods adopted by sustainability leaders in the
construction sector and related outcomes achieved and provide them with a useful
reference and guide for developing their future sustainability strategies. In this study, only
22 sustainability leaders in the construction sector were selected for analysis. In future
studies, nonsustainability leaders in the construction sector could be examined to explore
further methods of effectively improving sustainability performance. In addition, the key
adopted methods and achieved outcomes for small-to-medium-sized contractors could also

be examined.
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Table 1 Identified key adopted methods and achieved outcomes in three regions

KAMAO

Region

Key adopted methods

Key achieved outcomes

Europe

Stakeholder engagement (MG3)
Quality management (MEc4)

Health & safety management (MS10)
Sustainable and efficient resource,
energy and material use (MEn6)
Social contribution (MS13)

Steady business growth (O7)
Environmental impacts reduced (O13)
Company reputation improved (025)
Safe and pleasant working
environment created (O31)

Support from governments and NGOs

034

Asia and Oceania

Stakeholder engagement (MG3)
Quality management (MEc4)

Health & safety management (MS10)
Sustainable and efficient resource,
energy and material use (MEn6)

Risk management (MEc3)

Steady business growth (O7)
Environmental impacts reduced (O13)
Company reputation improved (025)
Safe and pleasant working
environment created (O31)

Uncertainties reduced (O6)

North America

Stakeholder engagement (MG3)
Quality management (MEc4)

Health & safety management (MS10)
Sustainable and efficient resource,
energy and material use (MEn6)

Waste management (MEn7)

Steady business growth (O7)
Environmental impacts reduced (O13)
Company reputation improved (025)
Safe and pleasant working
environment created (O31)

Employee creativity, motivation and

efficiency improved (028)
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Figure 1 Ranking of adopted methods by the 22 sustainability leaders in the construction
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Figure 4 The network of methods and outcomes
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Appendix A The list of methods used for improving corporate sustainability performance

Dimension |Methods (code) Supporting references
Governance |[Promoting entrepreneurship (MG1) Bierwerth et al. (2015)
Management systems certification (MG2) Jerdnimo Silvestre et al. (2015)
Stakeholder engagement (MG3) Camilleri (2015)
Materiality analysis (MG4) \Whitehead (2017)
Ongoing commitment to innovation and R&D (MG5) Frias-Aceituno et al. (2013)
Dissemination and leadership (MG6) Loughead et al. (2016)
Transparent information disclosure (MG7) Money et al. (2012)
Knowledge management (MG8) Robinson et al. (2006)
Efficiency, integrity and transparent corporate governance (MG9)  |Rezaee (2009)
Compliance promotion (MG10) Butler (2011)
Business continuity plans (MG11) Pedersen et al. (2016)
Strengthen information security (MG12) Rodger and George (2017)
Intellectual property management (MG13) Nielsen et al. (2016)
Corporate culture with shared values (MG14) Linnenluecke and Griffiths (2010)
Economy Responsibilities and minimizing bureaucracy (MEc1) Subramaniam et al. (2017)
Sustainability management of supply chain (MEc2) Rao and Holt (2005)
Risk management (MEc3) Lozano (2015)
Quality management (MEc4) Sullivan (2010)
Concern with customer satisfaction (MEc5) Peloza and Shang (2011)
Strengthening financial and operational stability (MEc6) Borio and Lowe (2002)
Providing sustainable production and service (MEC7) Papaoikonomou et al. (2011)
Creation of long-term values (MEc8) Tantalo and Priem (2016)
Lean overhead (MEc9) Nightingale and Srinivasan (2011)
Business portfolio optimization (MEc10) Lo and Sheu (2007)
Proactive cost management (MEc11) Sherwin et al. (2016)
Strengthening core business leadership (MEc12) Benn et al. (2014)
Social Ethical management (MS1) Schaltegger and Burritt (2018)

Respect of human rights (MS2)

Methven O'Brien and Dhanarajan
(2016)

Mobilizing the employees (MS3)

Rego et al. (2017)

Improving working conditions (MS4)

Baumgartner and Rauter (2017)

Culture of trust, communication and cooperation (MS5)

Rego et al. (2017)

Diversity and equal treatment of employees (MS6)

Jarlstrom et al. (2016)

Performance management (MS7)

Maas et al. (2016)

/Attractive employee remuneration and welfare (MS8)

Maxwell and Knox (2009)

Sharing the benefits with employees (MS9)

Maxwell and Knox (2009)

Health & safety management (MS10)

Baumgartner and Ebner (2010)

\Work-life balance of employees (MS11)

Jenkins et al. (2016)

\Win-win cooperation with suppliers (MS12)

Zhu et al. (2010)

Social contribution (MS13)

/Arrive and Feng (2018)

Cooperation and advisory projects with NGOs (MS14)

den Hond et al. (2015)

Environment

Environmental management system (MEn1)

\Welford (2016)
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Climate changes response (MEn2)

Lee et al. (2015)

Eco-friendly technologies (MEN3)

Leonidou et al. (2016)

Environmental accounting (MEn4)

Alrazi et al. (2015)

Engage in environmental projects (MEN5)

Lozano (2015)

Sustainable and efficient resource, energy and material use (MEN6)

Ortiz-de-Mandojana et al. (2016)

\Waste management (MEnN7)

Kristina et al. (2014)

Protection of biodiversity (MEn8)

Boiral and  Heras-Saizarbitorig
(2017)

Implementation of life cycle assessments (MEN9)

Hellweg and i Canals (2014)

Reporting environmental incidents (MEn10)

/Arena et al. (2015)

Hazardous substance management (MEn11)

Muhammad et al. (2016)
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Appendix B The list of outcomes achieved through implementing sustainable practices

Outcomes

Supporting references

New values created from risk management (O1)

Lozano (2015)

Business efficiency improved (02)

Subramaniam et al. (2017); Camilleri (2015)

Business issues/problems identified (O3)

Whitehead (2017)

Business continuity/process enhanced (04)

Camilleri (2015)

Sound and transparent governance (O5)

Rezaee (2009); Money et al. (2012)

Uncertainties reduced (O6)

Bansal (2005); Patchell and Hayter (2013)

Steady business growth (O7)

Peloza and Shang (2011); Camilleri (2015)

Lower accident rate (O8)

Nielsen et al. (2016)

Integrated information systems enhanced (O9)

Money et al. (2012); Rodger and George
(2017); Arena et al. (2015)

Cost saving (010)

Sherwin et al. (2016); Patchell and Hayter
(2013)

Bureaucracy minimized (O11)

Leonard and Wilkinson (2014)

Sound financial performance (012)

Lo and Sheu (2007)

Environmental impacts reduced (O13)

Leonidou et al. (2016); Boiral and Heras-
Saizarbitoria (2017)

Energy and resources saving (014)

Ortiz-de-Mandojana et al. (2016)

Continuous improvement of environmental performance
(015)

Lee et al. (2015); Kristina et al. (2014); Ortiz-
de-Mandojana et al. (2016)

Lower waste generation (O16)

Kristina et al. (2014)

Carbon emission reduced (017)

Lee et al. (2015)

Biodiversity protected (018)

Boiral and Heras-Saizarbitoria (2017)

Environmental incidents reduced (019)

Arena et al. (2015)

Brand competitiveness enhanced (020)

den Hond et al. (2015); Ortiz-de-Mandojana et
al. (2016)

Product quality improved (021)

Benavides-Velasco et al. (2014)

Experience and knowledge sharing improved (022)

Robinson et al. (2006)

Technological capabilities enhanced (023)

Patchell and Hayter (2013); Leonidou et al.
(2016)

Excellent and influential corporate culture enhanced
(024)

Rego et al. (2017); Methven O'Brien and
Dhanarajan (2016)

Company reputation improved (025)

Arrive and Feng (2018); Kuratko et al. (2014);
Lee et al. (2015)

Satisfaction and support of stakeholders (026)

Camilleri (2015);
(2010)

Baumgartner and Ebner

Ability to acquire talents improved (027)

Jenkins et al. (2016)

Employee creativity, motivation and efficiency improved
(028)

Baumgartner and Rauter (2017); Jenkins et al.
(2016)

Employee loyalty enhanced (029)

Maxwell and Knox (2009); Jarlstrom et al.
(2016)

Loyal customers and reorders enhanced (O30)

Peloza and Shang (2011); Papaoikonomou et
al. (2011)
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Safe and pleasant working environment created (O31)

Baumgartner and Ebner (2010)

Efficient communication and collaboration (032)

Methven O'Brien and Dhanarajan (2016)

Contribution to sustainable growth of the local | Arrive and Feng (2018); Lozano (2015)

communities (O33)

Support from governments and NGOs (034)

den Hond et al. (2015)

Appendix C The 22 sustainability leaders in the construction sector

No. Construction company Country

1 Hyundai Engineering & Construction South Korea
2 Daelim Industrial Co. Ltd. South Korea
3 GS Engineering & Construction Corp South Korea
4 Samsung Engineering Co. Ltd. South Korea
5 Doosan Heavy Industries & Construction Co. Ltd. South Korea
6 ACCIONASA Spain

7 Fomento de Construcciones y Contratas Spain

8 (Grupo) Ferrovial SA Spain

9 ACS Actividades de Construccion y Servicios SA Spain

10  Jacobs Engineering Group Inc USA

11 Insituform Technologies Inc USA

12 Fluor Corp USA

13  Balfour Beatty PLC UK

14 Amec PLC UK

15 Taisei Corp Japan

16  Kajima Corp Japan

17  Skanska AB Sweden

18 SNC-Lavalin Group Inc Canada

19  CIMIC Group Ltd. (Australia) Australia

20  Hochtief AG Germany

21  Outotec OYJ Finland

22 Vinci SA France
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