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Abstract 

This research provides a comprehensive empirical analysis of the economic and 

environmental benefits and challenges of integrating renewable energy into construction 

projects, from the perspective of industry practitioners. Employing a quantitative survey 

methodology, data was collected from 164 construction professionals, including architects, 

engineers, and developers. The findings reveal a significant evolution in industry perception. 

Key economic drivers have shifted from long term operational savings towards more 

immediate benefits like enhanced brand image and faster property sales. The most significant 

economic barriers are no longer primarily high upfront costs, but have transitioned to 

uncertainty over long term maintenance costs and difficulties in securing financing. 

Environmentally, reducing a building's carbon footprint is the principal motivator, while a 

sophisticated concern for the end of life disposal of technologies is now the primary 

environmental apprehension. The study concludes that while the industry is maturing in its 

acceptance of renewable energy, significant challenges related to long term risk, the 

availability of a skilled workforce, and practical financing solutions persist. 

Recommendations are provided for policymakers and industry stakeholders to better align 

incentives and training with the practical realities of project development, thereby 

accelerating the transition to a more sustainable built environment. 
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Chapter 1: Introduction 

This chapter provides a comprehensive introduction to the research on the economic and 

environmental benefits of renewable energy in construction projects. It begins by establishing 

the background, outlining the global shift towards sustainable practices driven by climate 

change and economic imperatives. This is followed by a detailed problem statement that 

identifies the specific gaps in knowledge and practical application within the construction 

industry. Finally, the chapter presents the core research questions and objectives that guide 

this study, setting the stage for the subsequent investigation. 

1.1 Background of the Study 

The early 21st century has been marked by an intense and critical worldwide discussion of 

sustainable development, a perspective which aims at fulfilling the needs of the current 

generations without sacrificing the capacity of succeeding generations to fulfill their needs 

(Østergaard et al., 2020). Central to the debate is the twin problem of keeping abreast of 

climate change while ensuring strong, inclusive economic growth. Scientific consensus 

unambiguously attributes the rising level of greenhouse gases in the atmosphere, mostly 

carbon dioxide (CO2), to human activities, with fossil fuel combustion for energy being the 

largest source (Olabi & Abdelkareem, 2022). This has generated an irrefutable imperative to 

shift the world's energy system away from its past dependence on finite and dirty 

non-renewable fuels such as coal, oil, and natural gas (Abbas et al., 2020). In turn, renewable 

energy has come out not only as a substitute, but also as a pillar of a sustainable future, 

providing a way of decoupling economic development from environmental harm (Jaiswal et 

al., 2022). 

Renewable energy sources as energy obtained from natural resources restored on a human 

timescale, including sunlight, wind, rain, tides, waves, and geothermal heat offer an 

all-around solution to worldwide issues (Maradin, 2021). Environmentally, their greatest 

accolade is zero to the minimum emission of greenhouse gases and other atmospheric 

pollutants throughout their functional stage, addressing the fundamental cause of climate 



change (Cheng et al., 2019). The mass deployment of renewable energy systems is thus 

regarded as one of the best measures for nations and sectors to realize their decarbonization 

goals and make a contribution toward international climate objectives (Sayed et al., 2021). 

The shift to renewables is a vital piece in the battle to restrict global warming and its 

devastating implications, such as climate catastrophes, rising sea levels, and loss of 

biodiversity (Olabi & Abdelkareem, 2022). 

It is economically too that the story about renewable energy has profoundly changed. Once 

viewed as a niche and prohibitively expensive alternative, renewable technologies have 

experienced remarkable cost reductions and efficiency gains over the past two decades, 

making them increasingly competitive with, and often cheaper than, conventional energy 

sources (Osman et al., 2023). This economic viability has unlocked significant opportunities 

for sustainable economic growth (Khan et al., 2020). Renewable energy investment spurs 

economic activity by triggering fixed capital formation, generating new manufacturing, 

installation, and maintenance jobs, and bolstering energy security by lessening reliance on 

unstable global fossil fuel markets (Abbas et al., 2020; Algarni et al., 2023). In addition, 

promotion of renewable energy enhances innovation and research and development, 

promoting a "green economic growth" process under which economic prosperity and 

environmental stewardship reinforce each other (Fang et al., 2022). Governments and 

financial institutions are now increasingly appreciative of this prospect, which has resulted in 

policies and green financing tools aimed at expediting investment in renewable energy 

initiatives (He et al., 2019; Taghizadeh-Hesary & Yoshino, 2020). 

In this international situation, the building industry stands in a singularly privileged position. 

The built environment is a huge energy and resource consumer both during the process of 

construction and over the operational life of buildings and infrastructure. The industry is 

directly accountable for almost 40% of the world's energy-related CO2 emissions and a 

substantial portion of raw material usage (Hossain et al., 2020). Therefore, any significant 

advancement towards climate and sustainability goals is unattainable in the absence of a 

complete shift in the way construction is done. Direct incorporation of renewable energy 

technologies into construction ventures is a potent method of reversing this effect. This is 

more than just using green power to energize construction sites; it means systemic integration 

of renewable systems into the very structure of buildings, building structures that not only are 

energy efficient but also can produce their own clean power (Chel & Kaushik, 2018). 



The uses of renewable energy in construction can be realized in various forms. Solar 

photovoltaic (PV) panels may be mounted on rooftops or incorporated into facades 

(Building-Integrated Photovoltaics or BIPV). Solar thermal systems may offer hot water, 

substantially diminishing the energy load for heating. Geothermal heat pumps may provide 

highly efficient heating and cooling by taking advantage of the earth's stable temperature 

(Soltani et al., 2021). For larger projects, small wind turbines or biomass systems might also 

be an option. The uptake of these technologies repositions buildings from being passive 

energy users to active, productive parts of the energy system, a principle fundamental to the 

advancement of energy-efficient and net-zero energy buildings (Chel & Kaushik, 2018). This 

is entirely in line with new paradigms such as the circular economy, which aims to avoid 

waste and enable the ongoing use of resources, considering buildings to be long-term assets 

whose environmental impact can be reduced and whose value increased through sustainable 

design (Hossain et al., 2020). 

A further imperative for the incorporation of renewable energy into building comes from an 

increasingly interconnected set of international agreements, national legislation, and market 

pressures. Governments globally are adopting more stringent building codes, energy 

performance requirements, and incentive schemes to promote or require the application of 

renewables in new and refurbished buildings (Lu et al., 2020). At the same time, there is a 

growing demand for corporate customers and the public for green, sustainable buildings, 

which are seen to provide higher long-term value, reduced operating costs, and improved 

indoor health (Sani et al., 2019). Thus, learning about the real economic and environmental 

advantages of this integration is no longer a theoretical exercise but a pragmatic imperative 

for architects, engineers, developers, investors, and policymakers who design the built 

environment. This thesis finds itself at that pivotal juncture of renewable energy, sustainable 

development, and the construction sector with an ambition to present a clear and evidence-led 

breakdown of the advantages driving this crucial shift. 

1.2 Problem Statement 

Although it is common knowledge among academics and policy-makers that the big-picture 

advantages of renewable energy are (Strielkowski et al., 2021), putting these technologies 

into practice in the construction sector is beset by multifaceted and daunting challenges. The 

change from abstract theory to actual implementation on the ground is hampered by an 

enduring and real knowledge deficit with regard to the measurable, project-based, and 



interdependent economic and environmental impacts. In spite of a general agreement on the 

positive potential (Algarni et al., 2023), construction stakeholders such as developers, 

investors, contractors, and clients tend not to have the unified, empirical evidence to make 

knowledgeable decisions, rationalize significant initial investments, and cope with integration 

complexities. This translates to a reduced rate of adoption that is both possible and required 

to achieve sustainability targets. The core issue this study is answering is the disjointed and 

frequently siloed analysis of the dual economic and environmental advantages, preventing the 

construction of a comprehensive business case for renewable energy in building projects. 

A key aspect of the problem resides in the economic arithmetic. The biggest hindrance to the 

mass installation of renewable energy systems in buildings is their perceived high initial 

capital expense (Osman et al., 2023). Although long-term operating savings from lowered 

energy bills are a major selling factor, these future savings are typically significantly 

discounted against the upfront financial expenditure. The finance models employed within 

the construction sector often emphasize minimizing short-term cost at the expense of 

maximizing long-term lifecycle value. Therefore, a transparent, uniform, and persuasive 

approach towards proving the long-term return on investment (ROI) is usually missing. 

Decision-makers face confusion over payback period, maintenance expenses, and the effect 

on property value and rental yield. This fiscal ambiguity is compounded by the volatility of 

government policies and incentives (Peidong et al., 2018; Mendonça et al., 2018). Unless 

there is a solid structure that takes long-term energy savings and likely revenue flows and 

turns these into a compelling financial argument, renewable energy finds itself relegated to a 

"value-added" byproduct instead of a central, non-negotiable part of a project's design. 

Adding to the economic problem is the intricacy of measuring the net environmental gains. 

Although the elimination of operational carbon emissions is a certain benefit (Cheng et al., 

2019), an overall environmental analysis needs to take into account the whole lifecycle of the 

renewable energy technology itself. The manufacturing of solar panels, wind turbines, and 

batteries consumes energy and raw materials and can generate its own environmental 

footprint, a factor that critics often highlight (Sayed et al., 2021; Maradin, 2021). Therefore, a 

simplistic view of renewables as universally "green" can be misleading. A nuanced 

understanding is required to assess the embodied carbon of the systems, their land-use 

implications, and end-of-life disposal challenges (Soltani et al., 2021). For construction 

professionals who are not energy experts, accessing and interpreting this complex lifecycle 

data to determine the true net environmental gain for a specific project is a formidable 



challenge. There is a lack of accessible tools and consolidated data that allow for a 

side-by-side comparison of the environmental payback of different renewable systems within 

a building's specific context. 

Furthermore, significant technical and logistical hurdles persist. Integrating renewable energy 

systems is not a simple "plug-and-play" process; it requires specialized knowledge and 

careful coordination from the earliest stages of architectural and engineering design (Chel & 

Kaushik, 2018). Issues such as structural load capacity for rooftop solar, aesthetic integration 

into building facades, spatial requirements for geothermal systems, and interconnection with 

the local power grid must be addressed. A lack of skills and experience among general 

contractors and tradespeople can lead to improper installation, underperformance of systems, 

and increased costs. Existing literature often focuses on the potential of specific technologies 

(Agostini et al., 2021) or broad policy frameworks (Lu et al., 2020), but there is a dearth of 

research that synthesizes the practical, on-the-ground challenges and success factors as 

perceived by the professionals who must navigate them daily. 

This leads to the core research gap: there is a lack of systematic, empirical research that 

holistically investigates the combined economic and environmental benefits of renewable 

energy in construction projects from the perspective of the industry practitioners themselves. 

While many studies analyze the benefits from a macro (Nassar et al., 2019) or technological 

standpoint (Kumar, 2020), few have utilized a survey-based approach to capture the 

perceptions, experiences, attitudes, and decision-making criteria of the people and firms 

responsible for developing and building our built environment. The perceptions of these 

stakeholders are critically important, as they ultimately determine whether a renewable 

energy system is included in a project. A disconnect between the theoretical benefits 

documented in academic literature and the perceived risks and rewards in the industry can 

stall progress. This thesis argues that to accelerate the adoption of renewables in construction, 

it is essential to first understand and then address the specific economic, environmental, and 

practical considerations that shape these key decisions. 

1.3 Research Questions 

To address the identified problem and research gap, this study will be guided by the following 

overarching research question and a set of specific sub-questions: 



Overarching Question: What are the key perceived economic and environmental benefits 

and challenges that influence the integration of renewable energy technologies into 

construction projects? 

Specific Sub-questions: 

1.​ What are the primary economic drivers (e.g., operational cost savings, increased 

property value) and barriers (e.g., high upfront cost, long payback periods) for the 

adoption of renewable energy systems in construction projects, according to industry 

professionals? 

2.​ What are the most significant environmental benefits (e.g., carbon footprint reduction, 

achieving green building certifications) and concerns (e.g., lifecycle impacts of 

technology) as perceived by stakeholders in the construction sector? 

3.​ How do construction industry professionals evaluate the relationship between initial 

capital investment in renewable energy and the expected long-term economic and 

environmental returns over a project’s lifecycle? 

4.​ What are the critical success factors, including policy incentives, technological 

maturity, and stakeholder awareness, that facilitate the successful implementation of 

renewable energy in construction projects? 

1.4 Research Objectives 

Flowing from the research questions, the primary aim of this thesis is to conduct a 

comprehensive empirical analysis of the economic and environmental benefits of renewable 

energy integration in the construction sector. This will be achieved through the following 

specific objectives: 

1.​ To identify and prioritize the central economic factors promoting the selection of 

renewable energy sources for construction projects. This entails systematically 

classifying the regarded economic benefits such as savings in energy costs, higher 

value of assets, and marketing benefits along with significant economic barriers such 

as high initial capital investments, perceived financial risk, and uncertainty over 

payback periods. Such mapping will help identify clearly the different financial 

calculations developers and investors take into consideration (He et al., 2019; Khan et 

al., 2020). 



2.​ The environmental advantages and disadvantages with renewable energy use in 

buildings as perceived by construction professionals are to be evaluated. This 

objective aims to move beyond broad statements about carbon benefit to evaluate 

which specific environmental outcome whether achieving regulatory standards, 

improving CSR profiles, or lessening lifecycle environmental impact are valued most 

from within the industry. It will also look into how much concern regarding embodied 

energy and disposal at end-of-life of renewable technologies comes into play during 

decision-making (Sayed et al., 2021; Cheng et al., 2019). 

3.​ To study the perceived trade-offs between economic and environmental objectives 

and the synergism of renewable energy integration. This objective will strive to 

balance short-term financial pressures compared to long-term sustainability 

objectives. It will explore if the environmental benefits are seen as mere co-benefits of 

good economic decisions or rather are treated as completely separate and often 

conflicting objectives. This whole analysis is very important in developing the 

integrated business case that serves the financial and ecological criteria (Algarni et al., 

2023).  

4.​ To provide evidence-based recommendations for stakeholders to enhance the adoption 

of renewable energy in the construction sector. From the survey findings, the 

objective of this last phase is to generate practical and feasible recommendations for 

policymakers, project developers, architects, and construction managers. The 

intention will be to assist in surmounting the identified barriers and exploit the critical 

drivers so as to expedite a more sustainable built environment powered by renewable 

energy (Østergaard et al., 2020; Chel & Kaushik, 2018). 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Chapter 2: Literature Review 

2.1 Introduction 

This chapter provides a thorough and critical review of the literature on the individual 

economic and environmental aspects of renewable energy, with consideration to the 

construction industry. The primary purpose of a literature review is to map the existing 

intellectual territory, creating a foundation of established knowledge upon which new 

research can be built. It serves not only to summarize what is known but also to critically 

synthesize disparate streams of research, identify prevailing themes and ongoing debates, and 

ultimately, to pinpoint specific, unaddressed questions or gaps in the current body of work. A 

comprehensive review is therefore essential for contextualizing the present study, justifying 

its necessity, and shaping its methodological direction. 

To achieve this, the chapter is systematically organized into five distinct but interconnected 

sections. The first section, 2.2 The Macro-Level Imperative, examines the role of renewable 

energy from a broad, global perspective, establishing its position as a cornerstone of 

sustainable development, a primary tool for climate change mitigation, and a catalyst for a 

new paradigm of green economic growth. This section sets the overarching context that 

drives policy and industry trends. The review then proceeds to a more granular analysis in 2.3 

Economic Dimensions of Renewable Energy Adoption, where it delves into the specific 

financial calculations that govern investment decisions. This section meticulously explores 

the dual narrative of compelling economic benefits, such as operational savings and enhanced 

property value, and the persistent financial barriers, most notably high upfront capital costs 

and perceived investment risks. 



Following this, 2.4 Environmental Dimensions of Renewable Energy Systems provides a 

parallel investigation into the ecological aspects. It moves beyond the foundational benefit of 

operational emissions reduction to engage with the more nuanced and critical discourse 

surrounding the lifecycle environmental impacts of renewable technologies, from 

manufacturing to decommissioning. This balanced perspective is crucial for a holistic 

understanding of true environmental performance. Section 2.5, The Construction Sector as 

the Nexus for Implementation, narrows the focus to the core subject of this thesis. It is a 

synthesis of the previous themes by considering how the economic and environmental forces 

relate to the unique, concentration of activities and interaction of specific technologies in 

construction projects, some design philosophies, such as net-zero energy buildings, and the 

complexities that the practitioners experience in their distinct industry context. 

The final section of the chapter is 2.6 Synthesis and Identification of the Research Gap. Here, 

the synthesis of the whole review will end by reconciling the macro-determinants with the 

evidence at the project-level. The critical assessment of the references will identify the 

boundaries and implications of the current research, and explicate the specific gap in 

knowledge that this thesis aims to fill, as a convincing 'rationale' for the later proposed survey 

research. 

2.2 The Macro-Level Imperative: Renewable Energy in Sustainable 

Development 

The international debate during the 21st century is inextricably bound up with the quest for 

sustainable development, an overarching framework which aims to align economic progress 

with environmental sustainability and human well-being for current and future generations 

(Østergaard et al., 2020). Right at the core of this lofty agenda is the overriding issue of 

energy. The path of historical development of the world has been driven by an intense use of 

fossil fuels, a reliance whose increase has lifted millions out of poverty but also pushed the 

world into an existential climate crisis that potentially jeopardizes the very underpinnings of 

stability and prosperity worldwide (Olabi & Abdelkareem, 2022). Therefore, the literature 

largely assumes that a quick and massive shift toward renewable energy sources is not simply 

an incremental policy decision but a structural necessity for attaining any serious type of 

sustainable development (Jaiswal et al., 2022; Strielkowski et al., 2021). Renewable energy is 

characterized as the essential link bridging environmental conservation with economic 

prosperity. 



The strongest and most compelling force for this international change is the need to limit 

climate change. A vast body of scientific evidence, reviewed in such summaries as that by 

Olabi and Abdelkareem (2022), conclusively demonstrates that the increase of human-made 

greenhouse gases in the atmosphere is the main reason for global warming and the 

subsequent cascades. Because the burning of fossil fuels for energy is the largest single 

source of these emissions, the use of renewable energy technologies technology that produces 

power with little to no operational emissions is identified as the best approach for 

decarbonization (Cheng et al., 2019). Cheng et al.'s (2019) study on the economically 

relevant BRIICS countries (Brazil, Russia, India, Indonesia, China, and South Africa) 

presents strong empirical support for this relationship. Their finding showed that higher use 

of renewable energy has statistically significant and negative effects on CO2 emissions, 

though the effects were found to be heterogeneous across different countries, possibly 

because of differences in economic structures and policy environments. Key among these 

findings was that investment in clean-tech patents enhances the greenhouse gas-saving 

impact of renewables, highlighting an incredible synergy between technological advancement 

and sustainable energy deployment. The collective body of work thus cements the place of 

renewable energy as the key technological driver through which countries are able to fulfill 

their obligations under global climate agreements and prevent the worst impacts of a 

changing climate (Olabi & Abdelkareem, 2022). 

Aside from its crucial role for the environment, renewable energy is increasingly considered 

in the literature a potent driver for a new economic prosperity model called "green economic 

growth" (Fang et al., 2022). This model counters the long-standing paradigm that 

environmental protection and economic growth are mutually conflicting objectives. Rather, it 

posits a symbiotic link where investments in environmental stewardship stimulate economic 

activity and technological innovation. A number of empirical studies offer strong evidence 

for this notion. Khan et al. (2020) in their cross-country study discovered a positive 

correlation between sustainable economic growth and renewable energy consumption. Their 

model proposes that this correlation is mediated by enhanced environmental performance and 

public health, which contribute to reducing economic burdens and making society more 

productive. This means that the economic gains are not limited to the energy sector alone but 

have spillover positive externalities in the economy. 

The processes by which the growth is attained are further expounded by Abbas et al. (2020). 

Their in-depth case study of Belt and Road Initiative projects showed that renewable energy 



investments serve as a type of fixed capital formation, stimulating economic growth directly 

in a way comparable to conventional infrastructure projects. However, unlike traditional 

projects, this investment simultaneously contributes to a reduction in carbon emissions, thus 

achieving the dual objective of economic expansion and environmental amelioration. This 

discovery is deeply significant in that it redefines renewable energy as an environmental 

"cost" to an economic "investment." Building on top of this knowledge, Fang et al. (2022) 

employed empirical data from South Asia to illustrate that research and development (R&D) 

in renewable energy is an essential ingredient for the realization of green economic growth. 

Their research suggests that the economic dividends go beyond the physical building of 

power plants to include creation of knowledge-intensive jobs and intellectual property within 

the innovation ecosystem facilitating the energy transition. 

The actualization of this tremendous potential, nevertheless, is not guaranteed. The literature, 

time and again, points out that proper, stable, and open governance is the critical driver. A 

qualitative critical review of sustainable energy policy by Lu et al. (2020) concluded that a 

properly designed policy combination is pivotal in securing investment and spurring 

deployment. They contend that effective governance models often blend regulatory tools 

(e.g., renewable portfolio standards), fiscal incentives (e.g., feed-in tariffs and tax credits), 

and public funding mechanisms that reduce risk for private investors. The histories of policy 

leaders such as Denmark, documented in depth by Mendonça et al. (2018), provide a 

compelling case study. Their assessment credits Denmark's success in maintaining high 

penetration of renewable energy to long-term policy stability, robust public engagement, and 

an open regulatory framework. In contrast, research on contexts with higher policy 

uncertainty, as in the example of difficulties in China by Peidong et al. (2018) and the new 

mission in Vietnam by Nguyen et al. (2025), shows how policy instability and institutional 

hindrances have the potential to heavily discourage advancement and investment. This 

macro-level comprehension arrives at a definitive conclusion: although the environmental 

and economic argument in favor of renewable energy is strong, its actual success is ultimately 

conditional upon active and long-term political and institutional backing. 

2.3 Economic Dimensions of Renewable Energy Adoption 

While the macro-level view presents a compelling case for renewable energy as a driver of 

national prosperity, its adoption at the micro-level within individual firms and specific 

projects like those in construction is governed by a far more immediate and granular set of 



economic considerations. The literature in this domain paints a complex and often 

contradictory picture. On one hand, it chronicles a story of rapidly improving economic 

viability, driven by technological progress and falling costs. On the other, it details a 

landscape fraught with significant financial barriers, risk perceptions, and institutional inertia 

that continue to slow down the pace of adoption. A comprehensive analysis of both these 

narratives is essential for understanding the decision-making calculus of stakeholders in the 

construction sector. 

●​ The Narrative of Improving Economic Viability and Direct Benefits 

The single most transformative economic trend in the renewable energy sector over the past 

two decades has been the dramatic and sustained reduction in technology costs. A careful 

analysis by Osman et al. (2023) records this trend, giving the declining costs of solar PV and 

wind energy the credit for a mix of causes that range from innovations in production, 

economies of scale, enhanced global supply chains that are more efficient, and incremental 

technological performance improvements. This has caused a dramatic reduction in the 

Levelized Cost of Energy (LCOE) a measure of the average price per unit of electricity 

produced that would be needed to repay the costs of constructing and running a generating 

plant over a given financial lifetime. Now, the LCOE of new utility-scale solar and wind 

facilities is frequently lower than that of new coal or natural gas facilities, and renewables are 

the cheapest source of new electricity generation in much of a world (Osman et al., 2023). 

This core cost-competitiveness is translated into immediate and concrete economic 

advantages at the project level. For a building construction project, the inclusion of an on-site 

renewable energy system, like solar PV on rooftops, immediately lowers the building's 

operational cost (OpEx) in decades to come by cutting or removing its dependence on 

grid-provided electricity (Algarni et al., 2023). A modeling of the Egyptian power system by 

Nassar et al. (2019) brought forth unequivocal evidence that raising the renewables 

contribution in the energy mix has considerable economic advantages, largely through the 

replacement of costly fossil fuels. When applied to a single building, these aggregate energy 

savings over the life of the asset can provide a significant payback on the initial cost, 

underpinning the business case for implementation. 

Aside from the immediate energy cost savings, the literature points out a family of ancillary 

economic gains that add to the financial appeal of renewable energy integration. Increasing 

evidence suggests that green buildings, which are characterized by prominent renewable 



energy installations, have higher asset values, higher rental premiums, and better occupancy 

rates than their conventional counterparts (Sani et al., 2019). This "green premium" is a 

developing market preference on the part of commercial tenants as well as residential 

consumers who pay a premium for lower energy bills, enhanced indoor environmental 

quality, and corporate or individual brand identity derived from being sustainable. In 

addition, investment in renewable energy projects has been found to be a powerful local 

economic driver, generating jobs in areas of design, installation, commissioning, and 

maintenance (Khan et al., 2020). This localized economic activity can be especially potent in 

community-sized projects, where the payoff is immediately visible and localized within the 

community, building ownership and support (Hicks & Ison, 2018). 

Yet, a more critical reading of these literatures on economic advantage uncovers significant 

limitations and latent complexities. Whilst reports of declining LCOE (Osman et al., 2023) 

and system-wide savings (Nassar et al., 2019) are persuasive, they tend to model their 

assumptions on broad utility-scale assumptions that do not accurately capture the 

project-specific, granular nature of construction challenges. These calculations may overlook 

"soft costs" like complicated permitting, expert design consultation, or structural supports, 

which can put a premium on actual-world CapEx for a developer. In addition, the idea of a 

"green premium" on real estate value (Sani et al., 2019) is not always assured; it greatly 

depends on market maturity, area, and the knowledge of intended buyers. This leaves an 

inference of risk, directly connecting to policy instability observed by Mendonça et al. 

(2018), since a developer might wonder if this premium will be realized in the timeframe of 

the project. This reveals an essential "developer's paradox": the literature yields long-term 

value for the ultimate asset owner, yet the developer, whose business model is often designed 

to minimize early risk and capital invested for a rapid sale, absorbs the short-term cost. This 

basic misalignment between the entity putting up the money and the entity enjoying the 

ultimate long-term benefit is a big, but frequently under-examined, hurdle that generic ROI 

models do not tackle. 

●​ The Persistent Barriers of Upfront Cost and Financial Risk 

Yet, among all these incentives, they unanimously agree on one: the high initial capital cost is 

the most formidable obstacle to the large-scale adoption of renewable energy in development 

projects across the literature (Osman et al., 2023; Maradin, 2021). In the construction and 

property development business context, the tendency is toward minimizing upfront capital 



expenditure (CapEx) at every possible turn to ensure that all profit becomes an immediate 

gain rather than an investment in the business for future returns. Accordingly, the lifecycle 

costs of a building - which consist of all construction, operation, and maintenance costs 

incurred throughout its entire lifespan - tend to receive secondary consideration. The clearly 

mandatory and significant upfront investment for renewable systems creates a direct 

contradiction with this dominant short-term financial logic, as lifecycle cost analyses do show 

long-term clear financial benefits; however, even in such cases, developers tend to hesitate in 

taking additional up-front costs as well as financing burdens (Sani et al., 2019).  

This barrier is exacerbated by financial risk and uncertainty perceptions. Although the 

payback time has become shorter for some renewable energy systems, it still stretches over 

several years. Thus, the uncertainty associated with future electricity prices, the dependability 

and resilience of the technology, and possible variations in government policies or incentives 

generally accompany that time. Policy instability, according to researchers such as Peidong et 

al. (2018) and Mendonça et al. (2018), can increase the risk level perceived by investors to 

the point where they may not consider investments into long-term renewables. 

Decision-makers may consider the safety of conventional systems with lower CapEx, even if 

the long-term economics are worse, in the absence of clearly defined, stable, and predictable 

return-on-investment calculating frameworks. 

●​ Overcoming Barriers through Green Finance and Supportive Policy 

Recognizing that the upfront cost barrier is primarily a financial rather than a technical 

problem, a significant portion of the literature focuses on the role of innovative financing 

mechanisms and supportive policies in leveling the playing field. The concept of "green 

financing" is central to this discussion. Taghizadeh-Hesary and Yoshino (2020) argue 

compellingly that traditional financial products are often poorly suited to the unique risk and 

return profiles of renewable energy projects. They advocate for the development and scaling 

of sustainable financial solutions, such as green bonds (which raise capital specifically for 

environmental projects), concessional loans with lower interest rates, and public-private 

partnerships that share the initial risk. These instruments are designed to make capital more 

accessible and affordable, thereby lowering the primary hurdle of upfront cost. 

The direct impact of such financial policies has been empirically demonstrated. A study by 

He et al. (2019), based on an analysis of 150 listed companies in China, found that the 

implementation of "green credit" policies whereby banks are encouraged to lend 



preferentially to environmentally friendly projects had a significant and positive effect on 

stimulating corporate investment in renewable energy. This suggests that targeted 

interventions from the financial sector, guided by government policy, can directly influence 

corporate investment decisions and channel capital towards sustainable outcomes. These 

findings, combined with the broader policy reviews by scholars like Lu et al. (2020), lead to a 

clear conclusion: overcoming the economic barriers to renewable energy adoption requires a 

concerted effort to create a financial ecosystem that recognizes and rewards long-term value 

over short-term cost minimization. The availability, accessibility, and stability of these green 

finance and policy instruments are often the ultimate determinants of economic feasibility at 

the project level. 

2.4 Environmental Dimensions of Renewable Energy Systems 

The environmental argument for renewable energy is foundational to its promotion and is the 

most widely understood aspect of its value. The core of this argument, as exhaustively 

documented in the literature, is the profound reduction in greenhouse gas emissions during 

power generation, which directly confronts the root cause of anthropogenic climate change 

(Olabi & Abdelkareem, 2022). However, a mature and critical body of academic work has 

evolved beyond this primary benefit. It provides a more holistic and scientifically rigorous 

lifecycle perspective, examining the full spectrum of environmental interactions associated 

with renewable technologies. This nuanced view acknowledges not only their immense 

advantages but also their inherent complexities and trade-offs, providing a more complete 

picture of their environmental profile. 

●​ The Primary Benefit: Decarbonization and Improved Air Quality 

The foremost environmental benefit of renewable energy systems is their contribution to 

decarbonization. By displacing electricity that would otherwise be generated by burning 

fossil fuels, technologies like solar, wind, and geothermal prevent vast quantities of carbon 

dioxide (CO2), the principal greenhouse gas, from being released into the atmosphere (Cheng 

et al., 2019). When these technologies are integrated into a building, as detailed by Chel and 

Kaushik (2018), the structure's operational carbon footprint the emissions generated from its 

day-to-day energy consumption for heating, cooling, lighting, and power can be dramatically 

curtailed. In the most advanced cases, such as net-zero energy buildings, on-site renewable 

generation can completely offset the building's energy consumption, rendering its operation 

carbon-neutral. 



The environmental benefits are not limited to climate change mitigation. They also extend to 

significant improvements in local and regional air quality. The combustion of fossil fuels, 

particularly coal, releases a host of harmful air pollutants, including sulfur dioxide (SO2), 

nitrogen oxides (NOx), and fine particulate matter (PM2.5). These pollutants are directly 

linked to a range of public health issues, including asthma, respiratory diseases, and 

cardiovascular problems (Khan et al., 2020). By supplanting these polluting sources with 

clean, emission-free generation, renewable energy contributes to healthier air and, 

consequently, healthier communities. This creates a powerful co-benefit, where actions taken 

to protect the global climate simultaneously improve local public health and social well-being 

(Jaiswal et al., 2022). 

 

●​ A Critical Lens: The Lifecycle Environmental Impacts 

While the operational benefits are clear, a responsible assessment requires a critical 

examination of the entire lifecycle of renewable energy technologies. The literature warns 

against an overly simplistic portrayal of renewables as being entirely "green" or impact-free. 

A highly influential critical review by Sayed et al. (2021) meticulously details the potential 

environmental impacts across the full lifecycle: from the extraction and processing of raw 

materials, through the energy-intensive manufacturing process, to transportation, installation, 

maintenance, and finally, decommissioning and end-of-life waste management. Their work 

highlights that every energy technology, renewable or not, has an environmental footprint. 

For example, the production of high-purity silicon for photovoltaic (PV) panels is an 

energy-intensive process, and the manufacturing can involve the use of caustic chemicals. 

Wind turbines are massive structures requiring significant quantities of steel, concrete, and 

rare-earth elements for their magnets, and their operation has been associated with potential 

impacts on local bird and bat populations. Large-scale hydroelectric dams can fundamentally 

alter river ecosystems and displace communities. Even geothermal energy, which is largely 

clean, can in some instances lead to the release of dissolved greenhouse gases (like CO2 and 

methane) trapped underground or cause induced microseismicity (Soltani et al., 2021). These 

potential negative impacts are often cited by critics and are categorized as disadvantages in 

comparative studies (Maradin, 2021). The comprehensive review by Osman et al. (2023) also 

acknowledges these trade-offs, pointing specifically to the significant land-use requirements 



for large solar and wind farms, which can compete with agriculture or natural habitats, and 

the water consumption of some concentrating solar power and geothermal plants. 

●​ The Net Environmental Benefit and the Link to a Circular Economy 

The existence of these lifecycle impacts does not invalidate the environmental case for 

renewables. Instead, it demands a more sophisticated analytical approach centered on the 

concept of "net environmental benefit." This concept involves comparing the total lifecycle 

impacts of a renewable energy system against the total lifecycle impacts of the conventional 

fossil fuel technology it displaces. In nearly all cases, the environmental damage avoided by 

not burning fossil fuels far outweighs the embodied impacts of the renewable technology, 

often by an order of magnitude or more (Sayed et al., 2021). The critical task for researchers 

and practitioners is to understand and minimize these embodied impacts to maximize the net 

positive contribution. 

This lifecycle perspective is deeply intertwined with the emerging paradigm of the circular 

economy, especially within the construction sector. Hossain et al. (2020) argue that the 

traditional linear economic model of "take-make-dispose" is unsustainable and is the root 

cause of many environmental problems. A circular economy, by contrast, seeks to design out 

waste and pollution, keep products and materials in use for as long as possible, and 

regenerate natural systems. Applying this thinking to renewable energy in construction means 

not just installing a solar panel, but also considering its provenance, its durability, and, 

crucially, what happens to it at the end of its 25-30 year lifespan. It encourages designing for 

disassembly, promoting the recycling of valuable materials like aluminum and glass from PV 

panels, and developing business models for the refurbishment and reuse of system 

components. By embracing circular principles, the construction industry can actively work to 

mitigate the lifecycle impacts highlighted by researchers like Sayed et al. (2021), ensuring 

that the transition to renewable energy is as sustainable as possible. 

2.5 The Construction Sector as the Nexus for Implementation 

The construction industry and the built environment it creates occupy a uniquely critical 

position in the global effort to achieve sustainability. As an industry, it is a voracious 

consumer of raw materials and energy. As a product, the built environment is responsible for 

nearly 40% of global energy consumption and a similar share of energy-related greenhouse 

gas emissions, primarily through the operational needs of buildings for heating, cooling, and 

lighting (Hossain et al., 2020). This immense footprint means that the construction sector is 



simultaneously a major part of the problem and an indispensable part of the solution. The 

literature clearly indicates that meaningful progress on climate and sustainability goals is 

impossible without a fundamental transformation in how buildings are designed, constructed, 

and operated. The integration of renewable energy technologies is central to this 

transformation, shifting buildings from being passive energy consumers to active producers 

of clean energy. 

●​ Technological and Design Integration in the Built Environment 

The core strategy for creating sustainable, low-carbon buildings involves a synergistic, 

two-part approach, as detailed in the work of Chel and Kaushik (2018). The first and most 

crucial step is to radically minimize a building's energy demand through intelligent design. 

This includes employing passive design strategies (e.g., optimizing building orientation to 

maximize natural light and minimize solar heat gain), creating a high-performance thermal 

envelope (with superior insulation and high-quality windows), and installing hyper-efficient 

mechanical systems, lighting, and appliances. Once the building's energy needs have been 

drastically reduced, the second step is to meet that remaining, smaller demand with on-site 

renewable energy generation. This approach is the foundation of high-performance building 

standards and the ultimate goal of Net-Zero Energy Buildings (NZEBs). 

The literature details a range of mature technologies available for this purpose. Solar 

photovoltaic (PV) systems are the most common and versatile, suitable for installation on the 

rooftops of most buildings. A more advanced application is Building-Integrated Photovoltaics 

(BIPV), where the PV cells are incorporated directly into building materials such as roofing 

tiles, curtain walls, or facades, allowing the building to generate power without 

compromising its aesthetic or structural form (Chel & Kaushik, 2018). Solar thermal systems 

are another widely used technology, capturing the sun's heat to provide hot water for 

domestic use or space heating, significantly reducing the energy load from natural gas or 

electricity. For projects with available land, geothermal heat pump systems offer 

exceptionally efficient heating and cooling by leveraging the stable temperature of the earth a 

few meters below the surface. These systems use the ground as a heat source in the winter 

and a heat sink in the summer, dramatically reducing the electricity required for climate 

control (Soltani et al., 2021). The successful deployment of these technologies is not an 

afterthought; it requires an integrated design process where architects, structural engineers, 

mechanical engineers, and energy consultants collaborate from the very earliest conceptual 



stages of a project to ensure that the renewable systems are seamlessly and cost-effectively 

incorporated. 

●​ Synergies with Green Building Paradigms and Market Drivers 

The push to integrate renewables is not happening in a vacuum; it is deeply interwoven with 

broader trends in sustainable construction, such as the push for green building certifications 

and the adoption of circular economy principles. As argued by Hossain et al. (2020), the 

circular economy offers a powerful framework for rethinking the entire lifecycle of a 

building. Integrating durable, long-lasting renewable energy systems aligns perfectly with the 

circular principle of keeping assets in high-value use. It transforms a building from a 

depreciating asset with high running costs into a productive one that generates its own clean 

energy, thereby reducing its reliance on external, depletable resources. This perspective 

reframes the building as a "prosumer" an entity that both produces and consumes energy 

which can interact dynamically with the local electricity grid, potentially providing stability 

services and exporting surplus clean power. 

These advanced design philosophies are increasingly supported by powerful market drivers 

and regulatory pressures. There is a growing demand from both corporate tenants and 

residential homebuyers for buildings that are certified under green building rating systems 

like LEED or BREEAM. These certifications provide third-party verification of a building's 

sustainable performance, and on-site renewable energy generation is a key strategy for 

earning points and achieving higher certification levels. This market demand creates a direct 

financial incentive for developers, as certified green buildings are often associated with a 

"green premium" in the form of higher rental and sales values (Sani et al., 2019). 

Simultaneously, governments around the world are tightening building energy codes and 

regulations, often mandating minimum levels of on-site renewable energy generation for new 

construction or major renovations (Lu et al., 2020). This combination of market pull and 

regulatory push is creating a powerful momentum for the adoption of renewables in the 

sector. 

●​ Industry-Specific Challenges and Socio-Technical Factors 

Despite the clear technological pathways and growing market drivers, the construction 

industry faces a unique set of challenges in implementing renewable energy systems. As 

established earlier, the industry's deeply entrenched focus on minimizing upfront capital cost 

remains the most significant barrier (Osman et al., 2023). Beyond this primary financial 



hurdle, there are numerous practical and logistical obstacles. The integration of renewable 

systems requires specialized knowledge and skills that may not be widespread among general 

contractors and tradespeople, potentially leading to installation errors and underperforming 

systems (Chel & Kaushik, 2018). There can also be significant physical constraints, such as 

insufficient roof space or structural capacity for solar panels, unfavorable site geology for 

geothermal systems, or aesthetic objections to the appearance of certain technologies. 

Furthermore, the literature suggests that successful implementation is a socio-technical 

process, not just a technical one. The work of Hicks and Ison (2018) on community 

renewable energy projects, while not focused on single buildings, provides valuable insights 

into the importance of stakeholder alignment and motivation. The success of integrating 

renewables into a construction project can depend heavily on the shared vision and 

collaborative spirit among the developer, the design team, the eventual occupants, and the 

local planning authorities. If stakeholders have conflicting priorities (e.g., the developer 

prioritizes low cost while the occupants desire long-term sustainability), the project is likely 

to face friction and compromise. This underscores the need for decision-making frameworks 

that can effectively balance these diverse motivations and build consensus around a project's 

long-term economic and environmental goals. 

2.6 Synthesis and Identification of the Research Gap 

This extensive literature review has moved over a broad intellectual terrain, constructing an 

elaborate, multi-faceted view of the place of renewable energy in contemporary society. The 

integration of this corpus of work exhibits a number of strong and well-evidenced 

conclusions. At a macro-level, the overwhelming consensus, underpinned by strong empirical 

evidence, is that renewable energy is a vital support for sustainable development. It is set as 

the best technology to counteract climate change, an established green economic growth 

driver, and a leader in enhanced public health (Olabi & Abdelkareem, 2022; Khan et al., 

2020; Abbas et al., 2020). The literature has also carefully analyzed the economics of the 

project level, tracing the significant fall in technology costs while also underscoring the 

ongoing and challenging barrier of high initial capital outlay that can be bridged only through 

conducive green financing and consistent public policy (Osman et al., 2023; 

Taghizadeh-Hesary & Yoshino, 2020). Concurrently, the environmental discourse has 

evolved from an elementary emphasis on zero operational emissions to an increasingly severe 

and comprehensive lifecycle approach, which recognizes and attempts to address the 



embodied effects of renewable devices by concepts such as the circular economy (Sayed et 

al., 2021; Hossain et al., 2020). Lastly, while targeted at the construction industry, the study 

clearly establishes the technological routes towards integration, the synergies with green 

building school thinking, and the precise set of practical issues that practitioners encounter 

(Chel & Kaushik, 2018). 

While the sheer scope and scale of this preceding work is tremendous, a close scrutiny of the 

state of knowledge at this point is that it is well entrenched in separable, and frequently 

disparate, streams of investigation. These are best described as: 1) macro-scale econometric 

and policy studies at national or international levels; 2) technologically driven engineering 

research analyzing the performance and effects of individual systems; and 3) theoretical 

design research suggesting optimal models for sustainable architecture. While all of these 

streams offer crucial pieces of the puzzle, there is a big gap between them. There is a deep 

absence of empirical work that systematically examines how these various and frequently 

conflicting economic, environmental, and technical determinants are actually perceived, 

balanced, and integrated by the principal human decision-makers within the construction 

industry itself. 

Current literature can accurately calculate the Net Present Value of a solar installation over 30 

years, but cannot account for how a developer's own personal estimate of risk, or their 

company's internal capital budgeting procedures, could possibly cause them to reject that 

proved profitable investment. The literature may supply a nuanced lifecycle analysis of the 

environmental payback of a geothermal system, but it cannot account for how an architect 

balances those intangible benefits against short-term aesthetic needs or multifaceted site 

logistics. The literature can call for certain policy incentives, but it does not usually inquire of 

the project managers and developers on the ground which of these incentives are effective in 

changing their behavior and which are marginal. This critical disjunction between the 

objective, data-reliant analysis in the literature and the subjective, context-specific, and 

frequently heuristic-based decisional process of industry professionals forms the overarching 

research gap this thesis aims to address. 

The "black box" of stakeholder decision-making is still not well understood. We know much 

about the what (the benefits and barriers) but very little about the how (how these are 

weighted against each other in actual situations). In order to drive faster take-up of renewable 

energy in the built environment, it is not sufficient to generate more technical information or 



economic models. It is crucial to comprehend the perceptual filters, the motivational drivers, 

the organizational pressures, and the perceived risks that affect the decisions of the 

individuals who are ultimately accountable for ordering and performing construction works. 

Thus, this research is set up to fill this exact gap. Using a survey-based approach to collect 

primary data directly from professionals in the construction industry, this research will go 

beyond theoretical possibility and objective analysis to investigate the lived experiences and 

perceived priorities that shape the adoption of renewable energy in practice. It seeks to open 

the "black box" of decision-making, offering a stakeholder-focused perspective that can close 

the current gap between academic scholarship and business use. Doing so, it will create 

essential insights necessary to formulate more powerful strategies, more precise policies, and 

more persuasive business cases that reflect the actual concerns of the construction industry, 

ultimately serving to drive the move toward a sustainable built environment more quickly. 

 

 

 

 

Chapter 3: Research Methodology  

3.1 Introduction 

This chapter offers a structured, comprehensive account of the research methods used to 

address the economic and environmental impacts of renewable energy related to construction 

projects. The aim is to provide a logical narrative of the journey that began with the research 

questions in Chapter 1, through to data collection and analysis. For clarity and a credible 

approach to research design, this chapter will follow the established ‘research onion’ 

developed by Saunders, Lewis and Thornhill (2019) taking us from the outside in, from the 

research philosophy, through the research approach, research strategy, research choices, time 

horizon and finally our techniques and procedures for the collection and analysis of data. 

Each layer of the onion represents a key decision that will inform the overall rigour and 

legitimacy of the study. This rigour is fundamental to responding to the research gap revealed 

in the literature review, which is the need for a comprehensive, practitioner viewpoint that 

understands the variables impacting the uptake of renewables in the construction industry. 



3.2 The Research Onion Framework 

 

Figure 1 Research Onion Framework 

The research onion provides a clear and comprehensive model for structuring the 

methodological discussion. Saunders et al. (2019) present it as a series of concentric layers, 

where decisions made in the outer layers constrain and inform the choices available in the 

inner layers. This approach compels the researcher to justify their methodological choices in 

a logical sequence, ensuring that the research design is internally consistent and well-suited to 

the research questions and objectives. This study adopts the research onion as its guiding 

framework to systematically articulate the following components: 

●​ Research Philosophy: The fundamental beliefs about the nature of knowledge and 

reality. 

●​ Research Approach: The relationship between theory and research (deductive or 

inductive). 

●​ Research Strategy: The overall plan for conducting the research (e.g., survey, 

experiment). 

●​ Research Choice: The use of quantitative, qualitative, or mixed methods. 

●​ Time Horizon: The timeframe over which data is collected (cross-sectional or 

longitudinal). 

●​ Techniques and Procedures: The specific methods for data collection and analysis. 



By peeling back these layers, this chapter provides a robust justification for the quantitative 

survey methodology chosen for this investigation. 

3.3 Research Philosophy: Positivism 

The research onion has several layers, and at the outermost end is research philosophy which 

underpins the entire study. This research shares a positivistic school of thought. According to 

Saunders et al. (2019), positivism holds that social reality is objective, singular, and external 

to the researcher, and can be observed, measured, and understood empirically. There are 

several key reasons for which this philosophical standpoint works perfectly for this study. 

First and foremost, one of the primary objectives of this research is to explore and quantify 

the perceptions, attitudes, and criteria used in decision making by a specific segment of the 

population in the construction industry. The goal is to elicit patterns that can be generalized 

and possible cause-and-effect relationships (e.g., does the perception of high up front cost 

significantly impede adoption?). A positivist approach supports the diagnosis of such patterns 

by accruing quantifiable data through such structured instruments as surveys, which can, in 

turn, be subjected to statistical analysis (Creswell, 2017). 

Moreover, positivism has an emphasis regarding the necessity for a purposeful methodology, 

ensuring objectivity and replicability. The researcher is put forward as an independent 

observer avoiding the influence of personal values from any data collection and analyzing the 

same. This perfectly aligns with this approach, for example, a standardized survey 

questionnaire with pre-defined questions and response scales (as presented in Section B, C, 

and D of the survey). This means that every participant has been put through the same stimuli 

to allow for a more direct comparison and aggregation of responses. 

The research questions, which aim to identify "primary drivers," "significant barriers," and 

"critical success factors," are themselves positivist in nature. They presuppose that these 

factors can be ranked, rated, and compared as observable phenomena. This is not how 

interpretivism operates- it is more about subjective meanings and social constructions but 

would be less fit to generate the broad and quantifiable evidence required to create a holistic 

business case for renewable energy adoption. 

3.4 Research Approach: Deductive 

Desiring deductive method from the positivist philosophy, the research adopts this deductive 

approach. Bell, Bryman, and Harley (2022) described the deductive approach for moving 



well from the general to the specific. The framework for theory is developed from literature; 

thus research questions or hypotheses may be framed and can be tested through empirical 

verification. This study falls exactly within that scope. 

Chapter 2 includes comprehensive literature review to make adequate distinct theoretical 

groundwork in terms of economic constructs (e.g. lifecycle costing; green premium), 

environmental concerns (e.g. operational vs. embodied carbon), and industry-specific issues 

(e.g. upfront cost barrier; skills gap). The research questions and objectives in Chapter 1 were 

directly linked to this theoretical framework. For example, Osman et al. (2023) posited that 

"high upfront cost is primary barrier," Research Question 1 and survey question 10 were 

precisely posed to test this assumption among the target population. Likewise, the literature 

on policy incentives (Lu et al., 2020) informed survey question 21, which aimed to 

empirically assess policy effectiveness perceptions. 

It is then a matter of theory testing. The survey will procure specific answers from industry 

practitioners regarding the general theories and findings that were identified in the academic 

literature regarding whether they hold or do not hold, or perhaps contribute to refining those 

theories. It is not an inductive approach but rather one that begins by collecting data and 

building a theory from the ground up, which is really better suited for exploratory qualitative 

research. 

3.5 Research Strategy: Survey 

The research strategy is the overall plan to answer the research questions. Given the 

deductive approach and the need to collect standardized, quantifiable data from a potentially 

large and geographically dispersed population of construction professionals, 

a survey strategy is the most appropriate and efficient choice. As noted by Creswell (2017), 

surveys are an excellent strategy for assessing the attitudes, opinions, and characteristics of a 

population. 

The survey strategy offers several distinct advantages for this study: 

●​ Economical Data Collection: It allows for the collection of a large volume of data 

from a wide sample at a relatively low cost, especially when administered online. 

●​ Standardization and Comparability: The pre-set questions and response formats 

(ranking, Likert scales, multiple-choice) ensure that all data is collected in a consistent 



manner, facilitating robust statistical analysis and comparison across different 

respondent groups (e.g., architects vs. developers). 

●​ Anonymity: Surveys can offer a high degree of anonymity, which may encourage 

respondents to provide more candid answers to sensitive questions, such as those 

concerning financial decision-making (Question 18) or the likelihood of cutting 

renewable energy from a project under budget pressure (Question 17). 

●​ Descriptive and Explanatory Power: The strategy is well-suited to both describing 

the current state of perceptions (e.g., what is the perceived importance of different 

benefits?) and explaining relationships between variables (e.g., is there a relationship 

between years of experience and willingness to accept longer payback periods?). 

The detailed survey instrument, with its four distinct sections, has been meticulously 

designed to leverage these strengths to systematically address each of the research objectives. 

3.6 Research Choice: Mono-Method Quantitative 

The research choice refers to the nature of the data collected and analyzed. This study 

employs a mono-method quantitative design. This means that a single data collection 

technique (the survey) is used to gather numerical data, which is then analyzed using 

statistical procedures (Saunders et al., 2019). 

This choice is a direct consequence of the research philosophy, approach, and objectives. The 

goal is not to explore the deep, subjective experiences of a few individuals but to identify 

broad trends, patterns, and priorities across the construction industry. The research questions 

are formulated to be answered with numbers: rankings of importance, ratings on a scale, and 

frequencies of selection. For example, ranking the economic benefits (Question 9) or rating 

the significance of economic barriers (Question 10) produces ordinal and interval data, 

respectively, which are inherently quantitative. This allows the study to move beyond 

anecdotal evidence and provide a data-driven, aggregate picture of industry perceptions, 

which is crucial for formulating generalizable recommendations. While a mixed-methods 

approach could offer richer insights, the scope of this thesis necessitates a focused, 

quantitative approach to provide a clear and robust answer to the primary research questions. 

3.7 Time Horizon: Cross-Sectional 

The time horizon for this research is cross-sectional. A cross-sectional study, as described by 

Saunders et al. (2019), involves collecting data at a single point in time. It provides a 



"snapshot" of the phenomena being investigated in this case, the current perceptions and 

attitudes of construction professionals regarding renewable energy. The survey will be 

administered over a defined period, and the data will represent the views of the respondents at 

that specific moment. 

This time horizon is appropriate and pragmatic for the scope of this thesis. It allows for the 

efficient collection of data to answer the research questions without the significant time and 

resource commitments required for a longitudinal study, which would involve tracking the 

same respondents over multiple years to observe changes in their perceptions. While a 

longitudinal design could capture evolving trends, a cross-sectional study is sufficient to 

achieve the research objectives of identifying, ranking, and evaluating the key factors as they 

are currently perceived by the industry. 

3.8 Data Collection and Procedures 

This section details the practical techniques for implementing the survey strategy. 

The data collection instrument is a structured, self-administered questionnaire (see 

Appendix). It is designed to be completed online to maximize reach and ease of response. 

The questionnaire is divided into four sections: 

●​ Section A (Demographics): Questions 1-8 collect data on the respondents' 

professional profiles (role, experience, project scale, etc.). This data is crucial for 

profiling the sample and, more importantly, for conducting subgroup analysis to 

determine if perceptions vary significantly between different professional roles or 

levels of experience. 

●​ Section B (Perceived Economic Factors): Questions 9-12 are designed to directly 

address RO1 and RQ1. They use a combination of ranking questions to establish 

priority (Q9), 5-point Likert scales to measure the intensity of agreement with 

identified barriers (Q10), and multiple-choice questions to gauge specific financial 

metrics like acceptable payback periods (Q11) and impact on property value (Q12). 

●​ Section C (Perceived Environmental Factors): Questions 13-16 address RO2 and 

RQ2. Similar to Section B, it uses ranking (Q13) and 5-point Likert scales (Q14) to 

measure the importance of environmental drivers and the level of concern about 

lifecycle impacts. This section moves beyond simple carbon reduction to probe a 

more nuanced understanding of environmentalism in practice. 



●​ Section D (Integration, Challenges, and Decision-Making): Questions 17-24 are 

designed to explore RO3, RO4, RQ3, and RQ4. This section uses scenario-based 

(Q17, Q18) and evaluative multiple-choice questions to understand the practical 

trade-offs, critical success factors, and perceived challenges that define the real-world 

decision-making process. 

Before full deployment, the survey will be piloted with a small group of 5-10 industry 

professionals to test for clarity, ambiguity, and question flow, ensuring the instrument's 

reliability. 

The target population for this study is a diverse group of experienced construction industry 

professionals, including developers, architects, engineers, project managers, and contractors. 

Given that a complete list of this population is unavailable, a random sampling approach is 

not feasible. Therefore, this study will employ a non-probability sampling strategy, 

specifically combining purposive sampling and snowball sampling. 

●​ Purposive Sampling: The initial sample will be selected purposefully. Contact will 

be made with individuals and firms through professional networks such as LinkedIn, 

and through membership lists of professional bodies (e.g., Royal Institute of British 

Architects, Institution of Civil Engineers, etc.), targeting those whose profiles indicate 

involvement in commercial or institutional construction. 

●​ Snowball Sampling: Initial respondents will be asked to forward the survey link to 

other qualified colleagues within their professional networks. As noted by Bell et al. 

(2022), this technique is particularly useful for reaching specialized and 

hard-to-access populations. 

The target sample size is set at a minimum of 100 completed responses to allow for 

meaningful statistical analysis. The non-probability nature of the sampling means that the 

findings cannot be statistically generalized to the entire population with a known margin of 

error, which is a key limitation. However, it is a pragmatic and necessary approach to gather 

rich, relevant data from the intended expert demographic. 

The survey will be created and administered using a professional online survey platform like 

Google Forms or SurveyMonkey. A unique link to the survey will be distributed via email 

and professional networking platforms. The introduction to the survey will clearly state its 

purpose, guarantee anonymity, and provide an estimate of the completion time 



(approximately 10-15 minutes) to encourage participation. Data collection will remain open 

for a period of four to six weeks, with reminders sent to initial contacts to maximize the 

response rate. 

3.9 Data Analysis Plan 

Once the data collection period is closed, the raw data will be exported into a statistical 

software package, such as SPSS, for analysis. The analysis will proceed in two stages: 

1.​ Descriptive Statistics: This will be used to summarize the basic features of the data. 

Frequencies and percentages will be calculated for all categorical data (e.g., 

professional role, project type, multiple-choice responses). For the Likert scale and 

ranking data, means, medians, and standard deviations will be calculated to identify 

central tendencies and the degree of consensus. This will provide direct answers to 

questions like "What is the most highly ranked economic benefit?" and "How 

significant is the upfront cost barrier perceived to be?". 

2.​ Inferential Statistics: To explore relationships between variables, inferential tests 

will be conducted. For example, an Analysis of Variance (ANOVA) or independent 

samples t-tests could be used to compare the mean scores on key questions (e.g., 

perceived importance of upfront cost) across different demographic groups (e.g., 

developers vs. architects). This will help determine if different stakeholders hold 

significantly different views. Correlation analysis may also be used to investigate 

relationships between continuous variables, such as between years of experience and 

the acceptability of longer payback periods. 

This two-stage analysis will transform the raw data into meaningful findings that directly 

address the research objectives. 

3.10 Ethical Considerations 

Maintaining the highest ethical standards is paramount. Following the principles outlined by 

Bell et al. (2022), the following measures will be strictly adhered to: 

●​ Informed Consent: All potential participants will be provided with a clear and 

concise information sheet on the first page of the survey. It will explain the purpose of 

the research, the voluntary nature of participation, and how the data will be used. 

Proceeding with the survey will be taken as implied consent. 



●​ Anonymity and Confidentiality: The survey is designed to be completely 

anonymous. No personally identifiable information (such as name, email, or 

company) will be collected. All reported findings will be aggregated to ensure that no 

individual respondent or their organization can be identified. 

●​ Data Protection: The collected data will be stored electronically on a 

password-protected device, and access will be restricted to the primary researcher. 

●​ Right to Withdraw: Participants will be informed that they can withdraw from the 

survey at any point before submission without penalty. 

3.11 Reliability and Validity 

To ensure the quality and trustworthiness of the research, close attention will be paid to 

reliability and validity. 

●​ Reliability refers to the consistency of the results. The use of a standardized 

questionnaire and a pilot test to refine questions enhances reliability by ensuring that 

the instrument is understood and interpreted consistently by different respondents. For 

the Likert-scale sections, Cronbach's Alpha could be calculated post-collection to 

measure the internal consistency of the scales. 

●​ Validity refers to the extent to which the study accurately measures what it intends to 

measure (Creswell, 2017). Content validity is established by grounding the survey 

questions firmly in the key themes identified in the comprehensive literature review 

and linking them directly to the research objectives. Construct validity is addressed 

by ensuring that the questions accurately represent the theoretical constructs they are 

designed to measure (e.g., 'economic barriers', 'environmental drivers'). The use of 

established question formats like Likert scales and ranking further supports the 

validity of the measurements. 

By systematically addressing these methodological layers, this research is designed to 

produce robust, valid, and credible findings that make a meaningful contribution to the 

understanding of renewable energy adoption in the construction industry. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 4: Data Analysis and Results 

4.1 Introduction 

This chapter presents the findings from the quantitative survey conducted to investigate the 

economic and environmental benefits of renewable energy in construction projects. The data 

was collected from 165 industry professionals, with 164 responses deemed valid for most 

analyses. This chapter systematically details the results, beginning with a profile of the 

survey respondents to provide context for the findings. Following this, a descriptive analysis 

of the data is presented, structured around the core research objectives identified in Chapter 

1: perceived economic factors, perceived environmental factors, and key aspects of 

integration and decision making. 



The analysis employs descriptive statistics, such as frequencies, percentages, and means, to 

summarize the central tendencies in the data. This allows for a clear understanding of the 

prevailing perceptions and priorities among the sampled professionals. Subsequently, 

inferential statistics, including correlation analysis and Analysis of Variance (ANOVA), are 

used to explore the relationships between different variables. This deeper analysis aims to 

uncover statistically significant differences in perception among various subgroups within the 

sample, such as professionals with different roles or levels of experience. The results are 

presented through a combination of narrative text, structured tables, and figures to ensure 

clarity and a comprehensive portrayal of the survey outcomes. The findings laid out in this 

chapter form the empirical basis for the discussion and recommendations presented in 

Chapter 5. 

4.2 Respondent Demographics and Professional Profile 

A total of 164 valid responses were analysed to create a demographic and professional profile 

of the sample. The characteristics of the respondents are summarised in Table 4.1. 

The sample comprises a diverse range of professionals. The largest age group is 25 to 34 

years, representing 48.8 percent of respondents, followed by the 35 to 44 age group at 33.5 

percent. The gender distribution shows a male majority, with 56.1 percent male and 43.9 

percent female respondents. Geographically, the sample is predominantly from India (73.6 

percent) and Ireland (25.8 percent). 

In terms of professional roles, Architects and Designers form the largest contingent, 

accounting for 42.1 percent of the sample. This is followed by Engineers (18.3 percent), 

Project and Construction Managers (12.2 percent), and Developers or Investors (9.1 percent). 

The experience level of the respondents is concentrated in the earlier stages of their careers, 

with 47.6 percent having 6 to 10 years of experience and 40.2 percent having 0 to 5 years. 

This indicates that the perspectives gathered are largely from professionals who have been 

active during the recent period of significant growth and cost reduction in the renewable 

energy sector. 

The respondents are involved in a variety of project scales, with large scale residential 

projects being the most common (51.8 percent). Critically, a vast majority of the sample 

reports direct experience with renewable energy integration. Over two thirds (68.3 percent) 

have been moderately involved in such projects, and an additional 12.8 percent report 



extensive involvement. Only 7.9 percent of respondents have had no direct experience, 

suggesting that the data is grounded in practical, real world knowledge of the subject matter. 

Table 4.1: Respondent Demographics and Professional Profile (N=164) 

Variable Category Frequency Percent 

(%) 

Age Group 18–22 8 4.9 

 23–28 80 48.8 

 29–35 55 33.5 

 35+ 21 12.8 

Gender Male 92 56.1 

 Female 72 43.9 

Primary Role Developer / Investor 15 9.1 

 Architect / Designer 69 42.1 

 Engineer 30 18.3 

 Project Manager / Construction 

Manager 

20 12.2 

 General Contractor / Builder 6 3.7 

 Government / Regulatory Official 8 4.9 

 Other 16 9.8 

Years of Experience 0–5 years 66 40.2 

 6–10 years 78 47.6 

 11–15 years 8 4.9 

 16–20 years 10 6.1 

 More than 20 years 2 1.2 



Typical Project Scale Small-scale residential 43 26.2 

 Large-scale residential 85 51.8 

 Commercial 15 9.1 

 Industrial 10 6.1 

 Institutional 11 6.7 

Involvement with 

Renewables 

None 13 7.9 

 Limited 18 11.0 

 Moderately 112 68.3 

 Extensively 21 12.8 

4.3 Descriptive Analysis of Key Factors 

This section presents the descriptive findings related to the core research objectives, detailing 

the perceptions of economic and environmental factors, as well as the challenges and decision 

making criteria that influence the adoption of renewable energy. 

4.3.1 Perceived Economic Factors 

To address the first research objective, the survey investigated the key economic drivers and 

barriers. Respondents were asked to rank five economic benefits and rate five economic 

barriers. 

 

Economic Benefits: 

Respondents ranked the economic benefits on a scale from 1 (least important) to 5 (most 

important). The mean scores, presented in Table 4.2, reveal a clear hierarchy of priorities. 

The prospect of a faster sale or leasing of the property was identified as the single most 

important economic benefit, with a mean score of 4.40. This was followed by enhanced 

brand image and marketing advantages (Mean = 3.74) and access to government 

incentives (Mean = 3.59). Interestingly, reduced long term operational costs (Mean = 3.09) 

and increased property value (Mean = 2.70) were perceived as being of lower importance in 



the ranking exercise. This suggests that the immediate, transaction related benefits that 

facilitate quicker project turnover and bolster marketing efforts are more highly valued by 

practitioners than the long term, lifecycle savings that accrue to the eventual building owner. 

Table 4.2: Ranking of Perceived Economic Benefits (N=164) 

Economic Benefit Mean Score (1=Least, 

5=Most Important) 

Standard 

Deviation 

Rank 

Faster sale or leasing of the 

property 

4.40 0.90 1 

Enhanced brand image and 

marketing advantages 

3.74 0.92 2 

Access to government grants, tax 

credits, etc. 

3.59 0.95 3 

Reduced long term operational 

and energy costs 

3.09 1.16 4 

Increased final property value 

and/or rental income 

2.70 1.55 5 

Economic Barriers: 

Respondents rated potential economic barriers on a Likert scale from 1 (Strongly Disagree) to 

5 (Strongly Agree). As shown in Table 4.3, the most significant perceived barrier 

is uncertainty about long term maintenance costs (Mean = 3.88). This was closely 

followed by difficulty in securing affordable financing (Mean = 3.45). This is a critical 

finding, as it challenges the common assumption in the literature that high upfront cost is the 

single most dominant barrier. While long and uncertain payback periods (Mean = 3.05) 

and high upfront capital cost (Mean = 2.85) were still considered relevant barriers, they 

were rated as less significant than concerns over maintenance and financing. This indicates a 

shift in perception, where the initial investment is perhaps becoming more manageable, but 

the long term risks and the process of securing funding have emerged as primary obstacles. 

Table 4.3: Rating of Perceived Economic Barriers (N=164) 



Economic Barrier Mean Score (1=Strongly 

Disagree, 5=Strongly Agree) 

Standard 

Deviation 

Rank 

Uncertainty about long term 

maintenance costs 

3.88 1.23 1 

Difficulty in securing 

affordable financing 

3.45 1.02 2 

Long and uncertain payback 

periods 

3.05 0.95 3 

High upfront capital cost 2.85 1.06 4 

Instability or complexity of 

government programs 

2.82 1.39 5 

Payback Periods and Property Value: 

To further probe the economic calculus, respondents were asked about acceptable payback 

periods. The vast majority of professionals operate with a relatively short term investment 

horizon. A combined 82.9 percent of respondents find a payback period of 3 to 5 years (59.1 

percent) or less than 3 years (23.8 percent) to be acceptable. Only 14.6 percent would accept 

a payback period of 6 to 10 years, demonstrating a strong industry preference for rapid 

returns on renewable energy investments. 

Regarding property value, there is a strong consensus that renewable energy integration 

provides a positive, albeit modest, uplift. The overwhelming majority (68.3 percent) believe 

that on site renewables lead to a moderately increased market value (2 to 5 percent). A 

further 17.1 percent perceive a significant increase of over 5 percent. Only a negligible 

portion of the sample (5.4 percent combined) felt it had no effect or a slightly negative effect. 



 

Figure 2 Payback Expectations 

4.3.2 Perceived Environmental Factors 

The second research objective focused on identifying the environmental drivers and concerns. 

Environmental Drivers: 

Similar to the economic benefits, respondents ranked environmental drivers from 1 (least 

important) to 5 (most important). The results, shown in Table 4.4, demonstrate that the most 

important environmental driver is the direct, quantifiable goal of reducing the building’s 

operational carbon footprint (Mean = 4.40). This intrinsic environmental goal was ranked 

significantly higher than extrinsic motivators. The need to meet mandatory government 

regulations was the second most important driver (Mean = 3.90), followed by responding to 

direct client or market demand (Mean = 3.49). Achieving voluntary green building 

certifications (Mean = 3.12) and enhancing a company’s Corporate Social Responsibility 

(CSR) profile (Mean = 2.77) were seen as the least important drivers. 

Table 4.4: Ranking of Perceived Environmental Drivers (N=164) 

Environmental Driver Mean Score (1=Least, 

5=Most Important) 

Standard 

Deviation 

Rank 

Reducing the building’s operational 

carbon footprint 

4.40 1.00 1 



Meeting mandatory government 

environmental regulations 

3.90 0.85 2 

Responding to direct client or 

market demand 

3.49 0.94 3 

Achieving a voluntary green 

building certification 

3.12 1.24 4 

Enhancing the company's CSR 

profile 

2.77 1.60 5 

Lifecycle Environmental Concerns: 

To assess the nuance in environmental perception, respondents rated their level of concern for 

potential negative lifecycle impacts on a scale from 1 (Not Concerned) to 5 (Very 

Concerned). As detailed in Table 4.5, the highest level of concern is directed towards end of 

life disposal and recycling challenges (Mean = 4.01). This was followed by concerns over 

the use of rare earth metals or hazardous materials (Mean = 3.52). The embodied carbon 

from manufacturing (Mean = 3.01) was a moderate concern. Notably, the on site physical 

impacts, such as the space required (Mean = 2.68) and the aesthetic impact (Mean = 2.24), 

were of the least concern to the professionals surveyed. This indicates a sophisticated 

awareness that extends beyond the project site to the broader supply chain and end of life 

issues of the technologies themselves. 

Table 4.5: Rating of Concern for Lifecycle Environmental Impacts (N=164) 

Lifecycle Environmental 

Impact 

Mean Score (1=Not 

Concerned, 5=Very 

Concerned) 

Standard 

Deviation 

Rank 

End-of-life disposal and 

recycling challenges 

4.01 1.29 1 

The use of rare earth metals or 

hazardous materials 

3.52 1.13 2 

Embodied carbon from 

manufacturing and transport 

3.01 0.98 3 



The physical land or roof space 

required on-site 

2.68 1.13 4 

The aesthetic impact on the 

building’s design 

2.24 1.40 5 

When asked how frequently these lifecycle impacts are considered in practice, a majority 

(57.3 percent) stated they are considered only ‘Sometimes’. This suggests a significant gap 

between the high level of concern, particularly for disposal, and its consistent application in 

project evaluation. 

4.3.3 Integration, Challenges, and Decision Making 

This section explores the practical realities of integrating renewable energy, focusing on trade 

offs, success factors, and perceived challenges. 

 

Budgetary Decisions and Cost Choices: 

When faced with a project that is over budget, respondents indicated that renewable energy 

systems are relatively protected. As shown in Figure 4.1, the item most likely to be cut first 

is non essential architectural or landscaping features (59.1 percent). In contrast, only 8.5 

percent of respondents said that on site renewable energy systems would be the first item to 

be reduced or removed, making it less likely to be cut than high end finishes (12.2 percent) 

and advanced building automation (16.5 percent). 

 

Figure 4.1: Item Most Likely to be Cut When a Project is Over Budget 

In a direct choice between a low upfront cost design and a design with a 10 percent higher 

upfront cost but long term savings from renewables, the industry preference is clear. A 

plurality of 48.2 percent stated their organisation would usually prefer the higher cost 



option with savings. Conversely, only 12.8 percent would almost always prefer the lower 

upfront cost. This indicates a growing organisational maturity and a willingness to embrace 

lifecycle costing principles, provided the long term case is compelling. 

Technology, Skills, and Critical Success Factors: 

When asked about the technologies with the most practical potential, the survey yielded a 

perfectly even split among the five options: Solar PV, Solar Thermal, Geothermal, Wind, and 

Biomass, with each receiving approximately 20 percent of the vote. This is an anomalous 

result likely stemming from the survey design allowing respondents to select up to two 

options, and requires cautious interpretation. 

The single most critical factor for successful adoption, as shown in Figure 4.2, was 

overwhelmingly identified as the availability of mature, reliable, and cost effective 

technology (60.4 percent). This was seen as far more critical than client demand (11.6 

percent) or government incentives (18.3 percent), suggesting that practitioners place the 

highest premium on proven, de risked technological solutions. 

 

Figure 4.2: Most Critical Factor for Successful Adoption 

Regarding government policy, long term tax credits for the developer or owner were seen as 

the most effective policy tool for encouraging adoption, selected by a majority of 56.1 

percent of respondents. This was far preferred over upfront grants (9.1 percent) or mandatory 

building codes (16.5 percent). 

The availability of a skilled workforce remains a challenge. A majority (58.8 percent) rated 

the skill level of local contractors as merely ‘Average’, with an additional 1.9 percent rating 

it as ‘Poor’. This highlights a significant skills gap as a practical barrier to implementation. 



The biggest non financial challenge was identified as technical complexity and integration 

with other building systems (51.8 percent), which is directly related to this skills gap. 

Finally, looking to the future, a plurality of professionals (47.6 percent) believe the primary 

driver for renewable energy integration in the next decade will be pure economics, where it 

simply becomes the cheapest energy option. 

4.4 Inferential Analysis 

To explore the relationships between variables and test for differences between groups, 

Pearson correlation and one way ANOVA tests were conducted. 

4.4.1 Correlation Analysis 

A Pearson correlation matrix was computed to examine the relationships between the 

respondents' demographics and their perceptions. Several statistically significant correlations 

emerged: 

●​ Experience and Environmental Concerns: There was a significant positive 

correlation between years of professional experience and the level of concern for end 

of life disposal (r = .271, p < .001). This indicates that more experienced 

professionals are significantly more concerned about the long term waste implications 

of renewable technologies than their less experienced colleagues. 

●​ Experience and Financial Barriers: Experience also correlated positively with 

perceiving difficulty in securing financing (r = .264, p < .001) and uncertainty 

about maintenance costs (r = .284, p < .001) as significant barriers. This suggests 

that with experience comes a greater appreciation of the long term financial and 

logistical complexities of these projects. 

●​ Perception of Barriers: As expected, there were strong positive correlations between 

the various perceived economic barriers. For instance, the perception of high upfront 

cost was strongly correlated with the perception of long payback periods (r = .605, p 

< .001) and government instability (r = .699, p < .001). This confirms that these 

barriers are interrelated aspects of a broader financial risk calculation. 

●​ Barriers and Decision Making: The preference for a low cost design (Option A) 

over a high cost design with long term savings (Option B) was negatively correlated 

with perceiving high upfront cost as a barrier (r = -.189, p = .015). This means 



respondents who were more concerned about upfront costs were more likely to prefer 

the option with long term savings, which is a counterintuitive finding requiring further 

exploration. However, this choice was strongly and positively correlated with 

concerns about securing financing (r = .347, p < .001) and maintenance costs (r = 

.277, p < .001), indicating that fears about long term or complex financial 

arrangements drive a preference for higher upfront cost, potentially simpler projects. 

 

Figure 3 Key Concerns 

4.4.2 Analysis of Variance (ANOVA) 

One way ANOVA tests were conducted to determine if there were statistically significant 

differences in perceptions based on the respondents' primary professional role, years of 

experience, and level of involvement with renewables. 

Differences Based on Professional Role: 

There were several significant differences in perception among the different professional 

groups: 

●​ Barrier of Securing Financing: There was a statistically significant difference 

between groups (F(6, 157) = 3.697, p = .002). A Tukey post hoc test revealed that 

Architects (M=3.70) and Engineers (M=3.70) perceived securing financing as a 

significantly greater barrier than professionals in the 'Other' category (M=2.69). 

●​ Barrier of Maintenance Cost: A significant difference was also found here (F(6, 

157) = 8.187, p < .001). Post hoc tests showed that Architects (M=4.36) and 

Government Officials (M=4.50) were significantly more concerned about 

maintenance costs than Contractors (M=2.67), Developers (M=3.07), and those in the 



'Other' category (M=2.81). This highlights a clear divide where design and regulatory 

roles are more focused on long term risks than construction and development roles. 

●​ Importance of Green Building Certification: The importance attached to 

certifications varied significantly by role (F(6, 157) = 4.791, p < .001). Contractors 

(M=4.67) and Project Managers (M=4.15) viewed certifications as significantly more 

important than Engineers (M=3.37), Architects (M=3.42), and Government Officials 

(M=3.25). 

Differences Based on Years of Experience: 

Experience level was a significant factor in shaping several perceptions: 

●​ Barrier of Securing Financing: There was a significant difference between 

experience groups (F(4, 159) = 4.603, p = .002). Post hoc tests showed that 

professionals with 6 to 10 years of experience (M=3.69) and 16 to 20 years of 

experience (M=4.00) perceived securing financing as a significantly greater barrier 

than those with 0 to 5 years of experience (M=3.08). 

●​ Concern for End of Life Disposal: As noted in the correlation analysis, this concern 

varied significantly with experience (F(4, 159) = 4.687, p = .001). Professionals with 

16 to 20 years of experience (M=5.00) showed the highest concern, which was 

significantly higher than those with 0 to 5 years of experience (M=3.59). 

●​ Concern for Aesthetic Impact: Conversely, concern for aesthetics decreased with 

experience (F(4, 159) = 4.471, p = .002). Professionals with 0 to 5 years of experience 

(M=2.73) were significantly more concerned about aesthetics than those with 6 to 10 

years of experience (M=2.00) and 16 to 20 years of experience (M=1.30). 

Differences Based on Involvement with Renewables: 

The degree of direct project involvement also influenced perceptions significantly: 

●​ Barrier of High Upfront Cost: There was a significant difference between groups 

(F(3, 160) = 2.994, p = .033). Professionals with extensive experience in renewables 

(M=3.48) perceived upfront cost to be a significantly higher barrier than those with 

moderate involvement (M=2.79). This suggests that greater experience exposes 

professionals to the true, unsubsidised costs more directly. 



●​ Importance of Green Building Certification: There was a significant difference 

here (F(3, 160) = 3.272, p = .023). Post hoc tests revealed that those with extensive 

involvement (M=4.05) rated the importance of certifications significantly higher than 

those with moderate involvement (M=3.46). 

4.5 Chapter Summary 

This chapter has provided a thorough examination of the 164 valid survey responses. The 

sample was made up of a varying group of industry practitioners, largely architects and 

engineers, with less than 10 years of experience. 

Descriptive analysis revealed the most significant economic benefits are faster project 

transactional system and marketing, and that the most significant economic barriers to 

decisions are long term maintenance uncertainty and financing impediments, not upfront 

costs. Environmentally, operational carbon footprint is the most significant factor, and end of 

life disposal is the primary concern. In practical decision making, renewables system are 

comparatively insulated from budget cuts, and there seems to be a growing organizational 

priority to develop long term savings as opposed to just upfront costs. A mature and reliable 

technology was found to be the most significant success factor, while biggest challenges were 

complexity and accepting a skilled labour shortage. 

Inferential analyses highlighted significant differences in perception amongst the participants. 

Professional role had a significant impact on perceptions of financing; the importance of 

maintenance costs and the certifications. Years of experience shaped opinions of financing, 

end of life disposal, and aesthetics. Last, level of direct engagement with renewables affected 

opinions around upfront cost, and the value of green building certifications.  These are all 

substantive, data driven findings, to build on with future efforts. 

 

 

 



Chapter 5: Discussion 

5.1 Introduction 

This chapter provides a detailed interpretation of the findings presented in Chapter 4, placing 

them within the context of the literature reviewed in Chapter 2 and addressing the core 

research questions. The primary aim of this discussion is to move beyond the presentation of 

statistical results to explore their deeper implications for the construction industry. By 

synthesising the survey data with established academic and policy discourse, this chapter 

seeks to explain the 'why' behind the observed perceptions and trends. The discussion is 

structured around the key themes of the research: the evolving economic calculus of 

renewable energy adoption, the nuanced understanding of environmental motivations among 

professionals, and the practical realities and trade offs that define decision making on the 

ground. This analysis will highlight areas where the study’s findings confirm, challenge, or 

add nuance to the existing body of knowledge, ultimately providing a richer, practitioner 

focused understanding of the path towards a more sustainable built environment. 

5.2 The Shifting Economic Calculus: Beyond Upfront Cost 

The research results suggest that perhaps the most distinct evolution observed is the 

economic decision-making framework employed by construction professionals. For decades, 

literature has pointed to high upfront capital cost overwhelmingly as the single major 

hindrance to the adoption of renewable energy (Osman et al., 2023; Maradin, 2021). This 

study has verified that while cost is a factor, perhaps the main economic concerns have 

evolved into more sophisticated threats. Hence the highest rated economic barrier was said to 

be uncertainty of long-term maintenance costs, immediately followed by the difficulties in 

obtaining cheap financing. This development denotes a very significant maturity in the 

industry's perspective. As the levelized cost of energy from renewables lowered, it may be 

that the upfront capital did not pose an insurmountable hurdle anymore. The risk perception 

may rather focus on the complete lifecycle of the asset. Professionals are now asking more 

complicated questions: What will maintenance cost for 25 years? Who can service it reliably? 

How do these long-term liabilities affect the value of the building and operational budget? 

This strongly supports the argument that a simple return on investment calculation based on 

energy savings is not really addressing the issue. More importantly, decision makers are faced 

with a tough question about a complex lifecycle risk assessment, which is something many 

conventional financial models do not adequately cover. The ability for architects and 



government officials to show much greater concern regarding maintenance than contractors 

serves to reinforce this. Design professionals and regulatory officials, who often bear 

responsibilities for the long-term performance and compliance of a building, are acutely 

conscious of these lifecycle issues, while contractors may at the same time have a more 

project-focused, short-term view. 

Equally revealing was the assessment of economic benefits. Most literature builds a business 

case for renewables on the basis of long-term operational savings (Algarni et al., 2023) and 

property value 'green premium' (Sani et al., 2019). However, practitioners in this study placed 

utmost sale or rental speed and brand image enhancement as key economy-based drivers. 

This exemplifies beautifully the 'developer's paradox' as identified in the literature review. 

The investors in projects by and large are most concerned with factors that improve the initial 

transaction speed and profitability, rather than with the longterm benefits that might accrue to 

some future owner. Thus, renewable energy value, as they perceive, not just relates to mere 

kilowatt-hour savings, but also to serve as a marketing tool to help differentiate a product in 

increasing competition accelerate sale while cutting costs of holding and releasing capital for 

the next project. 

5.3 A Nuanced View of Environmental Motivation 

The study's findings on environmental drivers paint a picture of a pragmatic and results 

oriented approach to sustainability. The top ranked environmental driver was 

unequivocally reducing the building’s operational carbon footprint. This indicates that 

construction professionals are motivated by the tangible, measurable environmental outcome 

at the heart of the climate change discourse, aligning perfectly with the primary benefit of 

renewables identified by scholars like Cheng et al. (2019) and Olabi and Abdelkareem 

(2022). 

In contrast, more abstract or administrative drivers like enhancing a company’s CSR profile 

or even achieving voluntary green building certifications were ranked lower. This does not 

mean certifications are unimportant; the ANOVA results showed they were highly valued by 

contractors and project managers. However, it suggests they are often perceived as a means to 

an end, a mechanism for achieving the primary goals of carbon reduction, regulatory 

compliance, or meeting market demand, rather than being the fundamental driver itself. 

Perhaps the most sophisticated finding in this domain relates to lifecycle environmental 

concerns. The highest rated concern was not embodied carbon, but end of life disposal and 



recycling challenges. This demonstrates a significant evolution in environmental thinking 

within the industry, moving beyond the immediate carbon calculus to embrace a more 

circular perspective, as advocated by Hossain et al. (2020). Professionals are increasingly 

aware that specifying a technology comes with a responsibility for its entire lifecycle. 

However, this awareness is coupled with a concerning implementation gap. A majority of 

respondents admitted that these lifecycle impacts are considered only 'sometimes' in project 

evaluations. This disconnect between high concern and low frequency of practical application 

points to a critical need for more accessible lifecycle assessment tools, better industry data, 

and clearer regulatory frameworks for the disposal and recycling of renewable energy 

components. The finding that concern for disposal increases significantly with professional 

experience suggests that those who have seen technologies through a longer lifespan are more 

acutely aware of these downstream challenges. 

5.4 The Practical Realities of Integration and Decision Making 

This research provides valuable insight into how the theoretical benefits and barriers play out 

in the context of real world project constraints. A very encouraging finding was that 

renewable energy systems are relatively secure from budget cuts. Respondents were far more 

likely to sacrifice non essential architectural features or even high end finishes before 

removing renewables. This signals a fundamental shift. Renewable energy is no longer being 

treated as an optional, 'value added' luxury, but as a core component of a modern building’s 

specification, on par with essential elements like high performance insulation. This 

organisational maturity is further evidenced by the finding that a majority of firms would 

prefer a design with a higher upfront cost if it offered clear long term savings, directly 

challenging the notion that the industry is solely driven by short term cost minimization. 

However, this willingness is conditional. The single most critical factor for adoption was 

identified as the availability of mature, reliable, and cost effective technology. This 

highlights the industry's inherent risk aversion. Before committing, practitioners need to be 

convinced that the technology is proven, that its performance is predictable, and that its costs 

are stable. This desire for de risked solutions is the common thread that links the high 

concern for maintenance costs, the demand for short payback periods, and the preference for 

established technologies. 

The survey also starkly highlighted two of the most significant practical hurdles: 

the technical complexity of integration and a shortage of skilled labour. Over half of the 



respondents rated the availability of skilled local contractors as merely 'average' or 'poor'. 

This skills gap is a major bottleneck. Without a workforce capable of correctly installing, 

commissioning, and maintaining these increasingly complex systems, the performance and 

financial returns of the investment are jeopardized. This directly confirms the challenges 

identified in the literature by researchers such as Chel and Kaushik (2018) and underscores 

the urgent need for targeted training and certification programs to build capacity within the 

construction trades. Ultimately, the industry’s future vision is optimistic and pragmatic. The 

belief that pure economics will be the primary driver for adoption in the next decade 

suggests that professionals anticipate a future where the financial case for renewables 

becomes so compelling that it transcends policy, market demand, and even environmental 

necessity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6: Conclusion and Recommendations 

6.1 Introduction 

This final chapter synthesises the entire research endeavor. It begins by providing a concise 

summary of the key findings as they relate to the study's primary objectives. Following this, 

the chapter directly answers the research questions posed in Chapter 1, offering clear 

conclusions based on the empirical evidence gathered. The study’s contribution to the 

existing body of knowledge is then articulated, focusing on how it has filled the identified 

research gap. Drawing upon these conclusions, a series of practical, evidence based 

recommendations are formulated for key stakeholders, including policymakers and 

construction industry professionals. Finally, the chapter acknowledges the limitations of the 

research and suggests avenues for future investigation, thereby situating this study within an 

ongoing academic and industry dialogue aimed at accelerating the transition to a sustainable 

built environment. 

6.2 Summary of Key Findings 

This study set out to conduct a comprehensive empirical analysis of the economic and 

environmental benefits of renewable energy integration in the construction sector. The key 

findings are summarised below according to the four research objectives. 

1.​ To identify and rank the key economic factors: The research found that the 

economic calculus has shifted. The most important perceived economic benefits are 

now transactional and market-oriented, such as achieving a faster property sale and 

enhancing brand image. These were ranked higher than the long term benefit of 

reduced operational costs. Concurrently, the most significant economic barriers have 

evolved from a singular focus on high upfront cost to a more nuanced concern 

for long term maintenance cost uncertainty and the difficulty of securing 

affordable financing. 

2.​ To evaluate the primary environmental benefits and concerns: The primary 

environmental driver for adoption is the tangible goal of reducing a building’s 

operational carbon footprint. This intrinsic motivation was rated as more important 

than seeking certifications or improving a company's CSR profile. The primary 

environmental concern among professionals relates to the end of life disposal and 



recycling of renewable technologies, indicating a growing awareness of lifecycle 

impacts and circular economy principles. 

3.​ To analyse the perceived trade-offs and synergies: The findings show a growing 

synergy between economic and environmental objectives. Professionals demonstrate a 

clear preference for investing in solutions with higher upfront costs if they deliver 

long term savings, indicating an adoption of lifecycle thinking. Furthermore, 

renewable energy systems are now considered a relatively core building component, 

being one of the last items to be cut when a project is over budget. 

4.​ To provide evidence based recommendations for stakeholders: The research 

identified several critical success factors and challenges that form the basis for 

recommendations. The single most critical factor for adoption is the availability of 

mature and reliable technology. The most significant practical challenges are 

the technical complexity of integration and a widespread shortage of skilled 

labour. The most effective government policy was identified as long term tax 

credits. 

6.3 Answering the Research Questions 

This research was guided by one overarching question and four specific sub questions. Based 

on the findings, they can now be answered. 

●​ Overarching Question: What are the key perceived economic and environmental 

benefits and challenges that influence the integration of renewable energy 

technologies into construction projects? 

The key influences are a complex interplay of evolving factors. The primary benefits 

are increasingly seen through a marketing and transactional lens (faster sales, brand 

image), while the main challenges have shifted from upfront cost to long term risks 

(maintenance, financing) and practical hurdles (technical complexity, skills gaps). 

Environmentally, the core benefit is operational carbon reduction, with the main 

concern being end of life disposal. 

●​ 1. What are the primary economic drivers and barriers? 



The primary economic drivers are faster sale or leasing of the property and enhanced 

brand image. The primary economic barriers are uncertainty about long term 

maintenance costs and difficulty in securing affordable financing. 

●​ 2. What are the most significant environmental benefits and concerns?​

The most significant environmental benefit is the reduction of the building’s 

operational carbon footprint. The most significant environmental concern is the 

challenge of end of life disposal and recycling of the technologies. 

●​ 3. How do professionals evaluate the relationship between initial investment and 

long term returns? 

Professionals are increasingly willing to make a higher initial investment for long 

term returns, with a majority preferring this option over a low cost design. However, 

their tolerance for risk is low, with a strong preference for payback periods of 5 years 

or less and for technologies that are proven and reliable. 

●​ 4. What are the critical success factors that facilitate successful implementation?​

The most critical success factor is the availability of mature, reliable, and cost 

effective technology. The most effective policy incentive is perceived to be long term 

tax credits. The biggest non financial facilitators would be the reduction of technical 

complexity and an increase in the availability of skilled installers. 

6.4 Contribution to Knowledge 

This thesis makes a significant contribution to the field by addressing the research gap 

identified in Chapter 2: the lack of systematic, empirical research that investigates the 

combined economic and environmental factors from the perspective of construction industry 

practitioners themselves. While the literature excels at technical and macro economic 

analysis, this study provides a crucial, stakeholder centric view. 

Its primary contribution is in nuancing the discussion around economic barriers. It challenges 

the long held academic consensus that high upfront cost is the single dominant barrier, 

demonstrating that for practitioners today, the perception of risk has shifted to long term 

maintenance and financing. Secondly, it provides empirical evidence for the 'developer's 

paradox', showing that marketability and transactional speed are more potent economic 

drivers than the long term operational savings that are the focus of many academic models. 

Finally, it highlights a critical 'awareness to action' gap in lifecycle thinking, where high 



concern for disposal is not yet matched by frequent practical assessment, pinpointing a clear 

area for future intervention. 

6.5 Practical Recommendations 

Based on the empirical findings, the following recommendations are proposed: 

●​ For Policymakers: 

1.​ Reform Financial Incentives: Shift the focus from simple upfront grants 

towards long term tax credits, which the industry perceives as most effective. 

Develop and promote 'green loan' programs in partnership with financial 

institutions to directly address the barrier of securing affordable financing. 

2.​ Address the Skills Gap: Fund and promote vocational training and 

certification programs for the installation, commissioning, and maintenance of 

renewable energy systems to alleviate the skilled labour shortage. 

3.​ Develop End of Life Frameworks: Establish clear, national level regulations 

and support the creation of markets for the recycling and disposal of 

renewable energy components, particularly solar panels, to address the 

industry's primary environmental concern. 

●​ For Developers, Architects, and Project Managers: 

1.​ Refine the Business Case: When advocating for renewable energy, focus 

marketing and client communication on the benefits of enhanced brand 

image, market differentiation, and faster property transactions, in 

addition to long term energy savings. 

2.​ De Risk Long Term Operation: Proactively address the primary barrier of 

maintenance uncertainty by seeking out technologies with robust warranties, 

partnering with reputable installers who offer long term service agreements, 

and incorporating detailed lifecycle cost analyses into project proposals. 

3.​ Champion Integrated Design: Acknowledge that technical complexity is a 

major hurdle. Foster an integrated design process from the earliest project 

stages, ensuring that architects, engineers, and energy consultants collaborate 

to seamlessly incorporate renewables, rather than treating them as an add on. 



6.6 Limitations of the Research 

This study, while providing valuable insights, is subject to several limitations that must be 

acknowledged: 

1.​ Sampling Method: The use of non probability sampling (purposive and snowball) 

means that the findings cannot be statistically generalized to the entire construction 

industry with a known margin of error. The sample, while relevant, may not be 

perfectly representative. 

2.​ Geographic Scope: The respondents were predominantly from India and Ireland. 

Therefore, the perceptions and priorities identified may be specific to the policy 

environments, market conditions, and construction practices of these regions and may 

not be applicable globally. 

3.​ Respondent Profile: The sample was skewed towards professionals with less than ten 

years of experience. The views of more senior industry veterans may differ, as 

suggested by some of the ANOVA results. 

4.​ Quantitative Approach: The survey methodology is effective at identifying 'what' 

professionals perceive but is limited in its ability to explore the deep, contextual 'why' 

behind these perceptions. 

6.7 Recommendations for Future Research 

Building on the findings and limitations of this study, the following areas are recommended 

for future research: 

1.​ Qualitative Follow up: Conduct in depth, semi structured interviews with a diverse 

range of stakeholders to explore the reasoning and subjective experiences behind the 

key findings, particularly the shift in focus from upfront cost to maintenance risk. 

2.​ Cross National Comparative Studies: Replicate this survey in different countries 

with varying policy landscapes and market maturities to understand how these 

contextual factors shape practitioner perceptions. 

3.​ Longitudinal Analysis: Conduct a longitudinal study, resurveying the same cohort of 

professionals every few years to track how perceptions, priorities, and barriers evolve 

over time with technological advancements and policy changes. 



4.​ Financial Model Development: Research and develop new financial models for 

construction projects that explicitly quantify the value of transactional speed and 

brand enhancement, and which more effectively model and de risk long term 

maintenance costs. 

6.8 Concluding Remarks 

The integration of renewable energy into construction projects is at a critical and promising 

juncture. The findings of this thesis demonstrate that the industry has moved past a nascent 

stage of skepticism into a period of pragmatic acceptance and increasingly sophisticated 

evaluation. The conversation is no longer about if renewable energy should be included, but 

how it can be integrated in a way that is financially sound, technologically reliable, and 

practically achievable. The challenges are no longer primarily conceptual but are rooted in 

the practicalities of financing, long term risk management, and the availability of a skilled 

workforce. By understanding these practitioner-level realities, stakeholders can move beyond 

generic advocacy and begin to craft the targeted policies, innovative business models, and 

effective training programs needed to unlock the full potential of the built environment to 

lead the transition to a clean energy future. 
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Appendices 
Survey Link: https://forms.gle/oMVBQS6Mk2MQyroZ6 

Appendix 1: Survey Questions 
 

Section A: Professional Profile and Experience 

1. What is your primary role in the construction industry?​

a) Developer / Investor​

b) Architect / Designer​

c) Structural / Mechanical / Electrical Engineer​

d) Project Manager / Construction Manager​

e) General Contractor / Builder​

f) Government / Regulatory Official​

g) Other (please specify): _________ 

2. How many years of professional experience do you have in the construction industry?​

a) 0-5 years​

b) 6-10 years​

c) 11-15 years​

d) 16-20 years​

e) More than 20 years 

3. What is the typical scale of projects you are primarily involved with?​

a) Small-scale residential (single-family homes, small multi-unit)​

b) Large-scale residential (large apartment complexes)​

c) Commercial (office buildings, retail)​

d) Industrial (warehouses, factories)​

e) Institutional (schools, hospitals, government buildings) 

4. To what extent have you been directly involved in projects that have integrated 

renewable energy systems (e.g., solar PV, geothermal)?​

https://forms.gle/oMVBQS6Mk2MQyroZ6


a) Extensively (It is a common feature in most of my projects)​

b) Moderately (I have been involved in several such projects)​

c) Limited (I have been involved in one or two such projects)​

d) None (I have no direct experience with such projects) 

Section B: Perceived Economic Factors 

5. Please rank the following economic BENEFITS for integrating renewable energy into 

a construction project, from 1 (most important) to 5 (least important).​

* [ ] Reduced long-term operational and energy costs​

* [ ] Increased final property value and/or rental income​

* [ ] Access to government grants, tax credits, or other financial incentives​

* [ ] Enhanced brand image and marketing advantages​

* [ ] Faster sale or leasing of the property 

6. To what extent do you agree that the following factors are significant economic 

BARRIERS to adopting renewable energy in your projects? (Scale: 1=Strongly 

Disagree, 5=Strongly Agree)​

* High upfront capital cost: [1] [2] [3] [4] [5]​

* Long and uncertain payback periods: [1] [2] [3] [4] [5]​

* Difficulty in securing affordable financing: [1] [2] [3] [4] [5]​

* Uncertainty about long-term maintenance costs: [1] [2] [3] [4] [5]​

* Instability or complexity of government incentive programs: [1] [2] [3] [4] [5] 

7. In your professional judgment, what is the maximum acceptable payback period for 

an investment in a renewable energy system for a typical commercial building project?​

a) Less than 3 years​

b) 3 - 5 years​

c) 6 - 10 years​

d) 11 - 15 years​

e) More than 15 years is acceptable if the technology is robust 

8. In your opinion, how does the integration of a significant on-site renewable energy 

system (e.g., a full rooftop solar array) impact a building's final market value?​

a) Significantly increases value (>5% increase)​

b) Moderately increases value (2-5% increase)​

c) Slightly increases value (<2% increase)​



d) Has no appreciable effect on value​

e) Can slightly decrease value due to maintenance concerns or aesthetics 

 

Section C: Perceived Environmental Factors 

9. Please rank the following environmental DRIVERS for integrating renewable energy 

into a project, from 1 (most important) to 5 (least important).​

* [ ] Reducing the building’s operational carbon footprint​

* [ ] Meeting mandatory government environmental regulations​

* [ ] Achieving a voluntary green building certification (e.g., LEED, BREEAM)​

* [ ] Enhancing the company's Corporate Social Responsibility (CSR) profile​

* [ ] Responding to direct client or market demand for sustainable buildings 

10. Please rate your level of concern regarding the following potential negative lifecycle 

environmental impacts of renewable energy technologies. (Scale: 1=Not Concerned, 

5=Very Concerned)​

* Embodied carbon from manufacturing and transport: [1] [2] [3] [4] [5]​

* The use of rare earth metals or hazardous materials: [1] [2] [3] [4] [5]​

* End-of-life disposal and recycling challenges: [1] [2] [3] [4] [5]​

* The physical land or roof space required on-site: [1] [2] [3] [4] [5]​

* The aesthetic impact on the building’s design: [1] [2] [3] [4] [5] 

11. When evaluating a project's sustainability, how often are the lifecycle environmental 

impacts (from manufacturing to disposal) of renewable systems considered, as opposed 

to only their operational carbon savings?​

a) Always​

b) Often​

c) Sometimes​

d) Rarely​

e) Never 

12. How critical is achieving a specific green building certification (like LEED, 

BREEAM, etc.) as a motivation for your firm to incorporate renewable energy into a 

project?​

a) Critically Important - It is the primary driver.​



b) Very Important - It is a major consideration.​

c) Moderately Important - It is a valued co-benefit but not a primary driver.​

d) Slightly Important - It is a minor factor.​

e) Not at all Important. 

Section D: Integration, Challenges, and Decision-Making 

13. In a situation where a project is over budget, which of the following is most likely to 

be removed or reduced first?​

a) High-end interior finishes and fixtures​

b) On-site renewable energy systems​

c) Advanced building automation and smart systems​

d) Non-essential architectural or landscaping features​

e) Upgraded insulation and high-performance windows 

14. Imagine you must choose between two design options for a standard project: Option 

A has a lower upfront cost but conventional energy systems. Option B has a 10% higher 

upfront cost due to renewable energy integration but offers significant long-term 

savings. Which option is most likely to be chosen by your organization?​

a) Option A (Lower upfront cost) is almost always preferred.​

b) Option A is usually preferred, unless the payback for Option B is very short (<5 years).​

c) The choice depends entirely on the specific client's priorities.​

d) Option B (Higher upfront cost with long-term savings) is usually preferred.​

e) Option B is almost always preferred as part of our sustainability commitment. 

15. Which of the following renewable energy technologies do you see as having the most 

practical potential for integration into the types of projects you typically work on? 

(Select up to two)​

a) Solar Photovoltaic (PV) for electricity​

b) Solar Thermal for hot water​

c) Geothermal Heat Pumps for heating and cooling​

d) Small-Scale Wind Turbines​

e) Biomass/Biofuel systems 

16. From your perspective, what is the single MOST critical factor for ensuring the 

successful adoption of renewable energy in a construction project?​

a) Strong and unequivocal client demand​



b) Clear, consistent, and substantial government financial incentives​

c) The availability of mature, reliable, and cost-effective technology​

d) The availability of designers and contractors with specialized skills​

e) A dedicated project champion within the development/management team 

17. Which type of government policy or incentive do you believe is MOST effective at 

encouraging developers to integrate renewables?​

a) Upfront capital grants or rebates to reduce initial cost​

b) Long-term tax credits for the developer or building owner​

c) Favourable lending terms or "green loans" from banks​

d) Mandatory building codes that require a minimum level of on-site renewable generation​

e) Feed-in Tariffs that guarantee a profitable rate for electricity sold to the grid 

18. How would you rate the current skill level and availability of local contractors 

capable of properly installing and commissioning renewable energy systems in your 

region?​

a) Excellent - Many highly skilled contractors are available.​

b) Good - There are several reliable options to choose from.​

c) Average - It can be challenging to find contractors with deep expertise.​

d) Poor - There is a significant shortage of skilled installers.​

e) I am not sure / have no experience with this. 

19. What is the biggest non-financial challenge your projects face when trying to 

integrate renewable energy?​

a) Technical complexity and integration with other building systems​

b) Lack of knowledge or awareness among the project team​

c) Physical site constraints (e.g., roof space, orientation, geology)​

d) Regulatory and permitting hurdles​

e) Aesthetic concerns from designers or clients 

20. Looking ahead to the next decade, what do you predict will be the primary driver 

for renewable energy integration in the construction sector?​

a) Pure Economics (it will be the cheapest energy option, period)​

b) Government Regulation (it will be legally mandated for most new builds)​

c) Market Demand (clients and tenants will refuse buildings without it)​



d) Environmental Necessity (corporate and social pressure to address climate change)​

e) Technological Advancement (new, easier-to-integrate systems will emerge) 

 

 

Appendix 2: Information Sheet 
 

INFORMATION SHEET FOR PARTICIPANTS 

Research project title: Economic and Environmental Benefits of Renewable Energy in Construction 

Projects. 

 

ABOUT THE PROJECT 

I am a master’s student at Dublin Business School and I am carrying out my thesis project under the 

direct supervision of supervisor on the subject of “Economic and Environmental Benefits of 

Renewable Energy in Construction Projects” which attempts to discover the advantages of integrating 

renewable energy technology into construction projects and to assess how renewable energy can 

enhance operational costs, project sustainability, and render building more environmentally and 

economically acceptable. 

You are being asked to take part in a research study on “Economic and Environmental Benefits of 

Renewable Energy in Construction Projects” which seeks to identify the benefits of incorporating 

renewable energy technology into construction projects and to evaluate how renewable energy can 

improve operational costs, project sustainability, and make constructions more environmentally and 

economically acceptable. 

 

WHAT WILL HAPPEN   

This survey requires you to answer a structured questionnaire concerning your experiences and views 

on the integration of renewable energy technologies in construction projects. The enquiries will 

examine your perspectives on the influence of renewable energy on project sustainability, operational 

expenses, and the overall environmental and economic performance in the construction sector. 

Participation entails reflecting on your professional experience and offering insights regarding the 

application of renewable energy in your current or previous projects. Your replies will be utilised to 

discern trends, best practices, and issues encountered by industry professionals. 



The research entails no physical interventions and presents negligible danger to participants. 

Participation is entirely voluntary and anonymous. If desired, you may request a comprehensive 

debriefing at the study's completion. 

 

TIME COMMITMENT   

The study generally requires about 10 to 15 minutes for completion. ​

Participation entails only one session, with no subsequent follow-up necessary. 

 

PARTICIPANTS’ RIGHTS   

You may decide to stop being a part of the research study at any time without explanation required 

from you. You have the right to ask that any data you have supplied to that point be withdrawn / 

destroyed. You have the right to omit or refuse to answer or respond to any question that is asked of 

you. You have the right to have your questions about the procedures answered (unless answering these 

questions would interfere with the study’s outcome.  A full de-briefing will be given after the study). 

If you have any questions as a result of reading this information sheet, you should ask the researcher 

before the study begins. 

 

CONFIDENTIALITY/ANONYMITY   

The data I gather will exclude your name and any personally identifiable information, with the 

exception of your professional job (e.g., project manager, architect) and years of experience in the 

construction sector, as pertinent to the analysis. No identifiable information will be utilised. 

All collected data will be utilised exclusively for academic reasons, including my dissertation, and 

may be incorporated into academic presentations or publications. Nonetheless, no particular 

participant will be discernible in any outputs of this research.​

Data will be securely maintained in accordance with GDPR and university data protection regulations. 

 

FOR FURTHER INFORMATION 

I or / and [Supervisor name], will be happy to answer any questions you may have about this study. 

 

 



 

 

 

Appendix 3: Informed Consent Form 
 

INFORMED CONSENT FORM 

 

PROJECT TITLE:  Economic and Environmental Benefits of Renewable Energy in Construction 

Projects. 

 

PROJECT SUMMARY:       

This study aims to identify the advantages of integrating renewable energy technology into building 

projects and assess their impact on operational costs, sustainability, and overall environmental and 

economic results within the construction sector. Your participation is requested based on your 

professional expertise in construction or energy sectors. 

 

By signing below, you are agreeing that:  

(1) You have read and understood the Participant Information Sheet,  

(2) Questions about your participation in this study have been answered satisfactorily,  

(3) You are aware of the potential risks (if any), and  

(4) You are taking part in this research study voluntarily (without coercion). 

 

_________________________________   ​ ​ _________________________________   

Participant’s signature             ​ ​ ​                Participant’s Name (Printed)  

_______________________________     ​ ​ _________________________________   

Student Name (Printed)                   ​  ​ ​ Student Name signature   

 



_________________________________    

Date     

 

Appendix 4: Gantt Chart 
 

 


	Abstract 
	Chapter 1: Introduction 
	1.1 Background of the Study 
	1.2 Problem Statement 
	1.3 Research Questions 
	1.4 Research Objectives 

	Chapter 2: Literature Review 
	2.1 Introduction 
	2.2 The Macro-Level Imperative: Renewable Energy in Sustainable Development 
	2.3 Economic Dimensions of Renewable Energy Adoption 
	2.4 Environmental Dimensions of Renewable Energy Systems 
	2.5 The Construction Sector as the Nexus for Implementation 
	2.6 Synthesis and Identification of the Research Gap 

	Chapter 3: Research Methodology  
	3.1 Introduction 
	3.2 The Research Onion Framework 
	3.3 Research Philosophy: Positivism 
	3.4 Research Approach: Deductive 
	3.5 Research Strategy: Survey 
	3.6 Research Choice: Mono-Method Quantitative 
	3.7 Time Horizon: Cross-Sectional 
	3.8 Data Collection and Procedures 
	3.9 Data Analysis Plan 
	3.10 Ethical Considerations 
	3.11 Reliability and Validity 

	Chapter 4: Data Analysis and Results 
	4.1 Introduction 
	4.2 Respondent Demographics and Professional Profile 
	4.3 Descriptive Analysis of Key Factors 
	4.3.1 Perceived Economic Factors 
	4.3.2 Perceived Environmental Factors 
	4.3.3 Integration, Challenges, and Decision Making 

	4.4 Inferential Analysis 
	4.4.1 Correlation Analysis 
	4.4.2 Analysis of Variance (ANOVA) 

	4.5 Chapter Summary 

	Chapter 5: Discussion 
	5.1 Introduction 
	5.2 The Shifting Economic Calculus: Beyond Upfront Cost 
	5.3 A Nuanced View of Environmental Motivation 
	5.4 The Practical Realities of Integration and Decision Making 

	Chapter 6: Conclusion and Recommendations 
	6.1 Introduction 
	6.2 Summary of Key Findings 
	6.3 Answering the Research Questions 
	6.4 Contribution to Knowledge 
	6.5 Practical Recommendations 
	6.6 Limitations of the Research 
	6.7 Recommendations for Future Research 
	6.8 Concluding Remarks 

	References 
	Appendices 
	Appendix 1: Survey Questions 
	Appendix 2: Information Sheet 
	Appendix 3: Informed Consent Form 
	Appendix 4: Gantt Chart 


