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Abstract: With urbanization, the construction sector (CS) has been consuming great quantities of energy and
contributing to almost 50 percent of the global GHG emissions. Thus, it is imperative for the CS to adopt a
sustainable energy system (SES). Renewable energy (RE) is foreseen as a viable option to promote SES.
However, adopting RE in CS involves challenges within the areas of both RE development and infrastructure
planning (IP). These challenges call for research not only on technology, but also on policy aspects and systems
thinking. Thus, the aim of this paper is to understand the scope for incorporating discussions on RE use within
the policy instruments (PIs) used in the IP process. The method involved literature review from the perspective
of the synthesis of Pls that have the capacities to accommodate discussions on sustainability during planning.
The paper highlights a PI called green procurement (GP), which involves procuring services and products that
meet environmental requirements. GP could go far to ensure that the energy procured is renewable. The paper
indicates that the discussion on procuring RE could be routed through synthesis of GP and impact assessment,
which is a PI for evaluating environmental impacts, with the capacity to assist IP.
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1. Introduction

The planning, construction and management of major infrastructure projects such as mass
transit systems or international airport complexes essentially deals with large scale human-
activity centred systems capable of continual growth and expansion [1], involves key players
such as the construction sector (CS), and has accelerated urbanization. Consequentially,
urbanization has been responsible for substantial consumption of energy, especially by the
CS. Significant amount of energy is consumed during manufacturing and transportation of
building materials, installation, construction activities [2] and operation. According to the
Organization for Economic Co-operation and Development (OECD), the operation of
buildings accounts for 25 to 40 percent of the total final energy use in OECD countries [3].
The CS annually generates 50 percent of the global greenhouse gases [4]. The use of non-
renewable energy by the sector is one of the causes for its CO, emission [5]. However, the
emission of CO, is noticeable during different phases of a building life cycle, such as, in the
construction process, exploitation, renovations, and also during demolition stage [6].
Emissions are also associated with the use of energy in construction related activities that
precedes site activities, primarily in the construction procurement supply chain [7]. As to
what Dimoudi and Tompa [8] highlight, the energy required for construction and
consequently, for the material production, is gaining importance. They argue that the selection
of materials for the building construction is determinant for the energy required for the
construction and for the environmental consequences. It is, therefore, imperative for the CS to
adopt a sustainable energy system. Sustainable energy system can be regarded as a “cost-
efficient environment-friendly energy system”, which efficiently uses local resources and
networks, and promotes the introduction of new techno-economic and political solutions [9].
The implementation of such a system by the CS calls for a decrease in the dependency on oil/
other fossil fuels, CO, emissions reduction, efforts to curtail social costs and a transition
towards renewable energy (RE) such as wind energy or bioenergy.
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However, the adoption of RE for construction activities involves challenges both within the
ambit of RE development, and in the area of infrastructure planning. Thus, the effort needed
to address these challenges and to shift towards a sustainable energy system requires research
not only on technology, but also on policy aspects and systems thinking. The two important
policy instruments, relevant to infrastructure planning, primarily from an environmental
perspective, are green procurement (GP) and environmental impact assessment (EIA). Due to
the links that GP and EIA have with infrastructure planning, this study focuses on them for
the promotion of RE in the CS. Further, EIA adopts several analytical tools such as multi-
criteria decision analysis (MCDA\) in order to achieve its purposes. MCDA is highly suitable
for analyzing the intersecting systems of energy and environment [10-13]. Although there is
an increasing focus on integration and integrative approaches in EIA [14], the systems
perspective needs to be strengthened during its application.

GP, within the context of this study, involves the procurement of construction projects that
meet environmental requirements, which must be stipulated such that it facilitates the
contractor to comply with them, and further enables verification by the client [5]. In the
public sector, GP is termed as green public procurement, which according to the European
Commission is a mechanism wherein public authorities intend to procure goods and services
with a reduced environmental impact throughout their life cycle [15]. EIA is a process that
evaluates the impacts likely to arise from a development project significantly affecting the
environment [16], and involves the introduction of mitigation measures to avoid, reduce,
remedy or compensate for any adverse impacts [17]. Sanchez and Hacking [18] highlight that
ideally, EIA is applied during the planning stage of a new project so as to choose the
economically and environmentally feasible technological alternative, and plan management
measures to mitigate negative impacts and enhance positive effects. Several authors have
investigated the link between EIA and planning (for instance, [19, 20]). The effective
implementation of strategies and mitigation measures identified through EIA process (during
planning), however, remains a challenge [21]. This is where the systems perspective in EIA
needs to be strengthened. In this study, we envisage that integrating GP and EIA could be one
way to strengthen the systems perspective. This means that discussions on GP should
commence at the stage of EIA. Such integration could be an option to strengthen the link
between project planning and implementation.

GP can go far to ensure that the energy used for construction is renewable and green [15]. It
can also involve the procurement of low energy consuming materials for construction.
Therefore, the central concern of this paper is to discuss on planning for GP at the stage of
EIA. This discussion could be channeled through MCDA, which seeks to identify the
plurality of perspectives [17]. MCDA includes “formal approaches” that intend to “take
explicit account of multiple criteria” [22] during impact assessment. The decision making
procedure under MCDA is based on the concept of making a choice between different actions
or alternatives that the decision maker examines and assesses through a set of criteria [11].
These criteria could be defined by objectives or attributes [23], involve qualitative or
quantitative data [24], include conflicting factors such as technological, economic, social,
risk, and environmental, with different groups of decision makers participating in the process
[10]. With these instruments and their synthesis as the focus, the aim of this study is to
understand the ‘scope’ within the infrastructure planning process for incorporating
discussions on the utilization of RE in the construction sector. The objective of the study is
twofold. Firstly, to envisage the synthesis of GP and EIA. During this process, the paper uses
the standpoint of “innovation system perspective” (ISP) [25], wherein networks, strategies
and institutional mechanisms play an important role. While exploring the role of EIA and GP,
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this study also attempts to understand the potential role of MCDA in presenting the
deliberation on energy inclusive GP. The second objective is to explore the role that the
construction sector could play in RE development. The paper also discusses areas for future
research from the perspectives of both GP and EIA.

1.1. Methodology

The study is largely based on review of literature and content analysis. The review attempted
to systematically examine previous research on innovation system perspective, EIA and
planning, drivers and barriers for GP, MCDA adoption in energy planning, institutional
mechanisms, and social innovation. This is in order to analyze the state of the art situation,
and to investigate the scope for outlining the synthesis of the policy instruments under
consideration. The study is explorative, in the sense that the literature has been reviewed from
a systems perspective in order to establish how the policy instruments, concepts and
institutional settings can allow and shape the synthesis. This also opened areas for future
research for further understanding on the synthesis of the (policy) mechanisms. As described
by Weber [26], the content analysis method was used to understand the focus in
communication content. The European Commission’s Communication on public procurement
for better environment [15] was analyzed to understand the purview of GP. The method also
involved semi-structured interviews, which included open-ended questions (cf. [27]), and
were conducted with experts on energy issues. This was a pre-understanding process (cf. [28])
to investigate further on the second objective concerning the role that the construction sector
could play. The analysis of the information obtained during the interview strengthened the
key findings that emerged during the literature review. These key findings were useful in
understanding the potential role of the construction sector.

2. Results

2.1. Synthesis of GP and EIA

In this study, the rationale behind the contemplation of synthesizing EIA and GP has its link
with the ISP. Jacobsson and Johnson [25] highlight on ISP for investigating the change in
energy system towards RE. The ISP emphasizes that the determinants of technology choice is
present in an “innovation system”. Such innovation systems facilitate as well as constrain the
individual actors making a decision on the technology. In general, innovation systems consist
of stakeholders, markets, networks and institutions, and many other components than the
relative prices of various alternatives [29]. Innovation is not only about a new product; it
could also be the introduction of an improved process, marketing method or organizational
method in business practices [30]. As per OECD, dealing with innovation systems is about
addressing systemic failures that block the functioning of innovation systems, and obstruct the
information flow. These systemic disruptions emerge from institutional rigidities that are
based on communication gaps, and lack of networking [29]. Such gaps and lack of integration
are evident in the construction sector. The various stages of project development such as
design and assessment, construction, operation and maintenance are not yet integrated. There
may be considerable difference between project plans (and related EIA reports) and their
implementation [30]. The “new environmentally friendly solutions” [31] set during the
planning phase need to be effectively communicated at the project implementation stage.
Thus, the link between EIA and the structure of the environmental tasks (during project
implementation stage) need to be strengthened. For instance, in a Swedish tunnel project,
requirements that were based on the environmental impacts identified in the EIA (report) were
communicated to the construction contractors through the tender documents [32]. However,
planning for GP during the EIA process is still not evident. Such a planning can be related to
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the integration of project planning and EIA. For instance, in Sweden, during the first stage of
the planning process, a decision is taken on whether the new investment in infrastructure is
required or not. This stage is crucial because it clarifies the requirements for the EIA that will
be carried out if the planning process proceeds [20]. These requirements could provide the
necessary space for emphasizing on the need for GP planning. Also, since EIA has a legal
mandate, by shouldering on EIA [14], there is an opportunity for GP planning to receive more
attention than it receives as a stand-alone policy instrument. In the context of RE, as
Gutermuth [33] highlights, legislation can have a direct beneficial effect on the diffusion of
RE. Reciprocally, procurement policies have the potential to direct the search process of firms
by recognizing the way forward for growth and through guiding the selection of technology
[34], which indicates that GP planning within an instrument such as EIA might result in better
environmental outcomes. According to the European Commission, green public procurement
can be a powerful instrument to stimulate innovation that leads to enhanced environmental
performance [15]. This agenda of the Commission could add value to the integration of GP
and EIA.

This paper proposes a conceptual model (Fig.1) for RE procurement planning within the
whole EIA process using a decision process flow chart designed by Haralambopoulos and
Polatidis [10]. The first stage in this model should be collection and assessment of data.

Energy Plan + Regional data (environmental, economic and
social) + other (institutional, financial, project document

Stakeholder A part Of the
involvement
EIA Process
< Application of >
MCDA approach
v
Deliberation on
energy procurement

Fig.1. Conceptual model for renewable energy procurement planning within the EIA process.
Source: adapted from [10]

The data includes, inter alia, local energy plan. Tyskeng’s [35] study on the Swedish local
energy plans reveals that they discuss goals concerning oil reduction and reductions and/or
restrictions on CO, emissions from a regional and local perspective, and also the use of
different energy resources from both regional and local standpoint, energy efficiency,
sustainable societies and biodiversity. Subsequent to the collection and assessment of data, the
stakeholders need to be identified. The stakeholders consist of several people associated with
planning, energy experts, public and statutory consultees, and “have the legitimate
responsibility to participate and/or add a socio-political dimension to the decision-making
process” [10]. During this stage of the model, it is also important to establish a “planning
platform” for incorporating the socio-economic aspects of energy systems in conjunction with
their technological attributes [12]. MCDA approach can facilitate the formation of this
platform.
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2.2. Multi-criteria decision analysis (MCDA) approach and group deliberation

Given the level of conflict that exists between criteria adopted for decision-making (DM), or
the intensity of the debate between different stakeholders on the relevancy and the importance
of different criteria, tools that seek to facilitate the deliberation and DM process are highly
essential. MCDA approach is an umbrella term to describe such tools or methods that take
into consideration multiple criteria and assist individuals or groups to explore decisions that
matter [22]. It intends to “allow for a pluralist view of society, composed of diverse
stakeholders with diverse goals and with differing values concerning environmental changes”
[17] and can be an aid in making better decisions. An advantage of adopting MCDA s that it
can simultaneously evaluate a number of alternatives, referring to an array of perspectives
[11]. In the conceptual model (Fig.1), the MCDA approach has been proposed. However, the
various methods that could be used under the MCDA approach needs to be further elaborated.
These methods should be such that it can be easily accommodated within the mechanism of
EIA integrated with GP. Also, it has to be noted that MCDA is not the only tool that could be
used within EIA. There are several other tools such as geographical information systems and
life cycle analysis that could be used within EIA (and in certain cases together with MCDA)
[23,36]. Further, as Richardson points out, together with stakeholder participation in
environmental assessment, there is a need to consider the ethics of practice [37]. The
stakeholder group deliberation on energy procurement, which is the last stage in the
conceptual model, should evolve considering, inter alia, ethics and sustainability objectives.

2.3. The role that the construction sector (CS) could play

The legitimacy of RE technology is a key issue, and might involve a political struggle
between the new innovation system and the established one. Such a struggle calls for the
participation of politically and financially strong actors, who can have a major influence on
the innovation process. These actors can be called prime movers [29]. The CS could be
‘prime movers’ in promoting RE diffusion and development. Prime movers perform four
crucial tasks to promote new technology: create awareness, plan and undertake investments,
ensure legitimacy and diffuse the new technology. The new technology here refers to new
renewables such as wind power and bioenergy that have not yet reached a wide spread market
[25]. Carlsson and Jacobsson [38] indicate that if the consumer/user firms possess significant
problem-identifying and problem-solving capabilities in the field of new technology and
systems integration, then they can facilitate in strengthening the supplier industry. They
noticed this type of user-supplier linkage in the system for factory automation in Sweden. The
users in this Swedish factory automation example have been argued to be prime movers [25].
The CS as one of the large energy users would need to strengthen its link with the energy
suppliers. Considering their financial and political capacities, the CS could contribute to the
diffusion and development of RE. However, the influence of managerial concerns and
stakeholder pressures play an important role in the contractors’ green innovation [39]. Prime
mover may also be cluster of actors if several actors share an interest in promoting a new
technology [25]. Thus, future research should identify other actors for this cluster and
investigate the ideal conditions and framework for such a cluster to function effectively.

3. Discussion

The synthesis of GP and EIA is novel and not a simple task. The conceptual model (e.g.
Fig.1) that has been proposed and presented in this paper is a GP planning process that can be
accommodated within the EIA process. However, the future questions and challenges are
concerned with a strategic mechanism, that is where and how in the EIA should this synthesis
with GP occur. EIA has three phases: predecision, post decision and transition [40]. The
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phase that is of particular interest in the future study is the predecision phase, which involves
designing, developing the EIA report, its review and decision-making. The predecision phase
could provide the necessary space for RE planning, and this needs future investigation. The
effort towards the synthesis of energy inclusive GP and EIA also requires sufficient scope in
the local energy plans prepared by the municipality. So the objectives concerning RE in the
local energy plans have an impact on the link between energy inclusive green procurement
and EIA, which needs to be investigated further. If the CS through the synthesis of GP and
EIA is able to push the development of sustainable energy systems, then it has not only
demonstrated its role as a prime mover but also intervened with the issue of urbanization.
Being a significant contributor to the process of urbanization, the efforts towards transitioning
to a sustainable energy system is not optional, but an inevitability for the CS.
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