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Abstract: With the increasing need for energy, issues related to using energy efficiently in buildings
and employing renewable energy technologies are gaining significance. The building production
process is intricate, involving numerous stakeholders, multiple decisions, and a combination of
qualitative and quantitative data. This process necessitates decision making based on specific
requirements. The objective of this study is to identify effective criteria in decision making concerning
the use of renewable energy technologies (RETs) in buildings in Turkey. It aims to highlight the
importance of these criteria and compare them, and it also aims to define a recommendation decision-
making model for the widespread adoption of renewable energy technologies. This study employed
qualitative and quantitative research methods. Based on information gathered from the literature,
the main criteria and sub-criteria for RET utilization were determined through in-depth interviews
with an expert group, including individuals influencing the building design process (architects,
engineers, consultants, employers, and users). A recommendation model was developed using the
analytic hierarchy process method to highlight the significance of the identified criteria, compare the
criteria and technologies, and facilitate the selection of the most-appropriate technology. This study
demonstrates that the decision-making model can be utilized in determining RET-related criteria in
the building production process, establishing their weights, and make informed decisions regarding
the appropriate technology.

Keywords: analytic hierarchy process; building production; criteria; decision making; dissemination;
renewable energy technologies

1. Introduction

Considering the imminent depletion of limited resources due to the increasing need
for energy, potential energy crisis, and environmental disasters, it is necessary to choose
clean and alternative energy solutions such as renewable energy. Natural resources must be
preserved and ecological balance maintained to ensure the sustainability and habitability of
our living spaces, while also ensuring that development does not hinder meeting the needs
of future generations [1]. Buildings are among the largest consumers of energy and are a
major contributor to greenhouse gas emissions [2]. The Global Status Report for Buildings
and Construction 2021 [3] reported that the operations of buildings accounted for 30% of
world energy demand in 2019, and this rose to 35%, or 151 exajoules, when construction
was included. Emissions related to construction (including manufacturing of materials
such as cement and steel) came to 13.5 GtCO2 in total and increased the emissions share of
buildings to 38% [2,3]. It is expected that the building floor area worldwide will be doubled
to over 415 billion m2 by 2050, thereby potentially increasing energy demand by 50% [2].
All new buildings to be constructed from 2030 onwards must be zero-energy buildings,
and the renovation rate of existing buildings needs to increase from around 1% to 3% per
year [4]. Minimum performance standards and legislation on building energy are increasing
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in both scope and stringency; the use of more efficient and renewable energy technology
in buildings is accelerating as the energy sector continues to decarbonize. However, it is
necessary for the construction sector to adopt a more rapid change to get back on track with
the net zero emissions by 2050. The next decade is particularly critical for implementing
the necessary measures to ensure that all new buildings and 20% of the existing building
stock are zero-carbon-ready by 2030 [5].

New laws, regulations, and environmental policies are being developed in many
countries around the world—with Turkey being one of them. With the ratification of the
Paris Climate Agreement by the Grand National Assembly of Turkey, the Ministry has
initiated the “Green Development” approach, which refers to the protection of nature on
the one hand and nature-friendly growth on the other hand [6]. The Ministry is making
plans for the protection of nature and the development of cities with the vision of a
“Sustainable Environment, Civilization Living, Environmentally Respectful, and Climate-
Friendly Cities” [6]. The Ministry’s strategic plans for 2022-2023 include a significant
increase in the share of renewable energy in global energy resources by 2030. It aims to
develop international cooperation to facilitate renewable energy, energy efficiency, clean
energy research, and access to these technologies. It also encourages investment in energy
infrastructure and clean energy technology areas. Within the scope of energy-efficient
and environmentally sensitive construction efforts, an Energy Identity Certificate is given
to buildings, where minimum energy performance requirements are determined and the
applicability of renewable energy sources is increased with the “Regulation on Energy
Performance in Buildings” [6,7]. When considering the application scale, the utilization
of RETs in buildings brings along certain challenges. In Turkey, as of 1 January 2023, it is
mandatory to use RETs only in buildings exceeding a certain square meterage. For buildings
not falling within this scope, the decision to use RETs is left to the discretion of actors
involved in the building production process. Moreover, determining which technologies
to include and how to select the technology in buildings where RETs are mandated poses
a challenge. The fundamental issue in the building production process is how to decide
on the use of renewable energy technologies. The use of renewable energy technologies
in buildings is significant in terms of meeting sustainable development/environmental
policies and providing societal, economic, and environmental benefits. Additionally, the
reduction in carbon emissions through the use of renewable energy sources instead of
primary energy sources contributes to achieving sustainability goals. Therefore, there
is a necessity to develop scientific foundations, methods, and tools for RET utilization
in buildings. This set of affairs has formed the motivation for this study, which aims to
develop a methodological approach based on a model for deciding on the use of renewable
energy technologies in buildings in Turkey.

According to Tas, Cosgun, and Tas [8], the building production process is an area
shaped by the knowledge, technology, values system, laws and regulations, policies, and
strategies of the society, which is influenced by many actors. According to Shove [9]
and Cooke et al. [10], it is a complex, multi-actor process that involves systematic and
intuitive thinking, and it contains many decisions and criteria. The necessity to solve many
complex problems and meet user needs has turned the building production process into a
problem-solving and decision-making action. In these decision-making stages, the roles of
actors involved in the building production process are important. The aim of this study
is to assess, within the context of the challenges posed by climate change and the global
emphasis on renewable energy, the criteria by which renewable energy technologies (RETs)
in buildings are addressed by various actors (architects, engineers, investors, etc.) in Turkey.
This involves identifying the obstacles and driving forces preventing or promoting their use
by conducting a comparative analysis to determine the degree of parallelism/divergence
among these criteria, thereby proposing criteria to generate data for design and creating an
interaction plan based on principles/criteria. This will help to provide recommendations
on how and at which stages renewable energy technologies can be integrated into projects
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by various actors, as well as in developing a decision-making model to facilitate their
implementation.

The criteria that are effective in deciding on the use of RETs, along with the oppor-
tunities and barriers affecting their use, show parallelism. Buildings have a significant
impact on the environment, and all actors in the building production process (designers,
architects/engineers, building owners, etc.) play an important role in shaping these en-
vironmental impacts. In the building production process, the criteria that are effective in
deciding on the use of RETs need to be addressed from the perspective of all actors in the
building production process. Effective criteria and their importance levels vary among
actors [10]. However, the identification of barriers/opportunities, the establishment of
criteria promoting their use, the creation of an importance hierarchy, and the identification
of the most-effective criteria in increasing implementation rates regarding the use of RETs
in buildings in Turkey have not yet been fully researched.

There are existing legislative efforts in Turkey aimed at sustainable energy develop-
ment, and the topic of renewable energy technologies (RETs) has also been addressed
within the framework of action plans. Government agencies in Turkey aim to increase
demand for renewable energy sources, reduce electricity consumption in buildings, and
decrease carbon dioxide emissions [6,7]. However, there have been few empirical studies
conducted to analyze the selection of RETs in buildings and identify key selection criteria
in the Turkish context. This study is designed to fill these research gaps with the goal of
solving the decision-making problem related to the use of RETs in buildings and promoting
their widespread adoption. To achieve this goal, the following tasks/questions have been
identified and investigated:

The level of use of renewable energy technologies in Turkey.
The level of use of renewable energy technologies in buildings in Turkey.
The barriers/opportunities for the use of renewable energy technologies in buildings
in Turkey.

e  Evaluation of the criteria by which renewable energy technologies in buildings are
assessed by different actors in Turkey.

e  Development of a model to make decisions regarding the use of RETs in buildings
based on the implementation of renewable energy technologies.

This study has been formulated within the framework of the hypotheses outlined below:

e  Transitioning to buildings where RETs are used can reduce the consumption of fuel
and energy resources, energy costs, and greenhouse gas and carbon dioxide emissions.

e  The decision to use RETs in buildings can be rationalized by examining actors and
criteria and employing a multi-criteria decision-making method. Within the model,
the process can be managed. This could lead to easier decision making and prompt
access to the correct decision, thereby directing actors in the building production
process toward adoption. The identified and prioritized criteria can provide data to
technology producers.

This model will be a step toward addressing the local research gap and will allow for
a comprehensive evaluation of the use of RETs in buildings in terms of actors, criteria, and
technologies. Furthermore, there are very few studies in Turkey that have developed criteria
and proposed decision-making methods for the use of RETs in buildings. Therefore, there is a
need to enrich studies that address the use of RETs in buildings through the use of criteria
and decision-making methods. With this thesis, the identified criteria and developed decision-
making model will provide a theoretical framework for architects, engineers, investors, and
users who will decide on RETs in the private sector, as well as for local government officials
and public employees, and it will also help to provide a basis for methods that can be applied
in the decision-making process. The developed model can be used to facilitate and improve
the decision-making process for the use of RETs in buildings by professionals in the sector.
It is also aimed at inspiring further research on this urgent topic in the midst of the current
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global energy crisis. The developed model can be used in different countries by updating the
criteria and alternatives according to the country’s conditions.

2. Literature Review

This section provides theoretical information relevant to the research topics. A litera-
ture review of the renewable energy technologies in Turkey and worldwide was conducted,
and information about studies related to RETs being used in buildings is detailed. Research
was conducted on actors influencing the building production process (i.e., the stakehold-
ers affecting the decisions) and the obstacles/opportunities related to the use of RETs in
buildings, as well as criteria for technology selection.

2.1. Renewable Energy Technologies in Buildings

The Turkish Ministry of Energy and Natural Resources (ETKB) monitors, evaluates,
and analyzes studies and developments by following international projects related to
renewable energy resources around the world. The strategic objectives of Turkey are to
reduce the energy demands and carbon emissions of buildings, as well as to promote
sustainable, environmentally friendly buildings using renewable energy sources [7]. As
a result of the traditional energy sources used to obtain energy mostly being non-local,
external dependency has increased, which negatively impacts the national economy [11].
Of Turkey’s electricity generation in 2022, 34.6% was obtained from coal, 22.2% from
natural gas, 20.6% from hydraulic energy, 10.8% from wind, 4.7% from solar, 3.3% from
geothermal energy, and 3.7% from other sources [12]. Turkey, one of the countries most
affected by the consequences of climate change in the Mediterranean Basin, is a party to
global agreements such as the UNFCCC, Kyoto Protocol, and Paris Agreement. The Paris
Agreement was ratified on 11/10/2021, and, on the same date, the President declared a net
zero emissions target for 2053. The agreements that Turkey is party to, and the regulations
they entail, affect the resource-intensive and high-emission sectors, such as energy and
construction, given their significant resource consumption and emissions. The construction
sector in Turkey has been identified as one of the key sectors in achieving the sustainable
development goals of the European Union (EU) and the United Nations (UN). Many of
the sustainable development goals outlined under the UN’s “Agenda 2030” are relevant
to the construction sector, and efforts to implement these goals are ongoing. To promote
the widespread adoption of renewable energy practices, the government has analyzed
the challenges faced by investors in renewable energy projects, and it collaborates with
relevant institutions to improve the investment environment. Geographical information
system (GIS) techniques have been employed to determine the potential of renewable
energy sources, thus leading to the creation of renewable energy potential atlases such as
the Turkey Solar Energy Potential Atlas (GEPA). Appendix A (Energy Efficiency Policies in
Buildings in Turkey) illustrates the efforts in Turkey regarding energy efficiency policies in
buildings, thereby aligning with both global and EU initiatives.

The Increasing utilization of renewable energy systems to offset a portion of building
loads is becoming more widespread. The pressure on the world’s non-renewable resources
can be alleviated through the use of renewable resources worldwide. Employing renewable
energy technologies (RETs) to meet a building’s electricity demand helps reduce traditional
energy consumption. The EU aims to gradually halt fossil fuel imports between 2023 and
2027, and it has targeted the installation of photovoltaic (PV) roofs on all public buildings
by 2025. China is promoting on-site renewable energy applications in urban buildings,
thereby targeting the installation of 50 GW solar PV capacity for all new public buildings
and factories (Chinese Development Plan, 2022). RETs can be utilized in buildings for
electricity generation, heating, cooling, and ventilation purposes. Various applications exist
for the use of RETs in buildings. According to the Regulation on Energy Performance of
Buildings, the concept of renewable energy refers to the energy obtained from non-fossil
energy sources such as from hydraulic, wind, solar, geothermal, biomass, biogas, wave,
tide, and current energy technologies.
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Turkey is well positioned in terms of solar energy potential. According to the Turkey
Solar Energy Potential Atlas (GEPA), which was created by the Ministry of Energy and
Natural Resources (ETKB), the average annual total sunshine duration is 2741 h, and
the average annual total radiation value is 1527.46 kWh/m?2. According to the Turkish
Statistical Institute (TUIK) 2022 data, there are 11.6 million buildings in Turkey, and nearly
87% of these buildings are residential. According to the solar energy data from the Ministry
of Energy and Natural Resources (ETKB), more than 100,000 new buildings are processed
in Turkey’s building statistics every year. The roofs and facades of buildings are seen as
potential areas for solar energy investments. Additionally, the buildings mentioned in the
Building Energy Performance Regulation (2022), such as hotels, hospitals, dormitories, and
sports centers, with a floor area exceeding 2000 m?, are also considered potential areas for
solar energy utilization.

Access to provincial and geographical region-based information on wind energy po-
tential in Turkey is available through the Turkey Wind Energy Potential Atlas (REPA). Wind
energy can be utilized in buildings for active and passive systems to generate ventilation,
cooling, and electricity [13]. Since 2001, countries such as the UK, Sweden, the Netherlands,
and other developed nations have been promoting research and applications related to
wind energy production in cities and high-rise buildings. These incentives help reduce
the costs associated with long-distance electricity transmission and decrease investment
expenses [14]. The rapid urbanization in China has led to the emergence of numerous
buildings suitable for integrating small-scale wind turbines, thus prompting discussions
on evaluating wind potential [15]. Despite the requirement of wind energy to be situated
in open areas and away from urban environments, the proliferation of tall buildings in
densely populated urban settings has created new opportunities [16]. Tall buildings spaced
at regular intervals can harness and transmit wind energy over short distances. Wind
energy has the potential to meet approximately 10% to 20% of the energy demand in
high-rise buildings in cities, with urban wind energy systems mainly consisting of wind
turbines typically ranging from 1 to 20 kW, and these are installed on buildings and adjacent
lands [17].

Due to its geological and geographical location on an active tectonic belt, Turkey is
among the rich countries in terms of geothermal resources globally. Throughout Turkey,
there are approximately 1000 natural outlets of geothermal resources at various tempera-
tures. According to ETKB, geothermal energy is primarily used for electricity generation,
thermal facilities, and the heating of residential and greenhouse buildings. Geothermal
energy can be employed in buildings for heating, cooling, and electricity generation.
Geothermal heat pumps are used for heating and cooling in buildings [13]. Geothermal
energy can be utilized in buildings through heat pump technology, which provides en-
ergy savings of 30-70% compared to traditional heating and cooling equipment [18]. The
Chinese government particularly promotes the development of heat pump technology,
especially in hospitals and schools.

According to the Biomass Energy Potential Atlas (BEPA) prepared by the Ministry of
Energy and Natural Resources (ETKB) to determine biomass energy potential, the total
economic energy equivalent of our collectible wastes is approximately 3.9 MTEP/year
(BEPA, 2023; ETKB Biomass, 2023). With BEPA, the theoretical biomass potential and
economic energy calculation module based on waste can be accessed through the website
by city and district. In Turkey, biomass is defined under the scope of the “Law on the Use of
Renewable Energy Sources for Electricity Generation Purposes” as follows: “Without being
imported; municipal waste (including landfill gas), vegetable oil residues, agricultural
residues without food and feed value, by-products derived from processing non-industrial
wood forest products, waste tires, industrial waste sludges, and treatment plant sludges are
defined as sources obtained as a result of processing other than industrial wood”. Biomass
energy is produced from organic materials such as vegetable residues or biomass types,
and it can be used in buildings to generate heat or electricity [19]. Biomass boilers are
utilized for heating and providing hot water in buildings [13]. Biomass energy, constituting
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approximately 10% of the global primary energy demand, represents a crucial renewable
energy source [20]. Biomass-fired heaters can provide an economically viable solution for
heating needs in buildings when combined with heat pumps. These heaters can effectively
reduce dependency on the grid and heat pumps by meeting up to 65% of space heating
demand [21].

In 2021, according to the ETKB, hydroelectric sources generated 55.5 billion kWh
of electricity in Turkey. As of the end of May 2022, hydro-based electricity production
reached approximately 35.2 billion kWh. Hydroelectric energy, which is collected from
water sources, can be utilized to generate electricity in buildings [19]. There are other
types of renewable energy tested in buildings, such as micro-hydro and hydrogen fuel cells.
Micro-hydroelectric systems harness the energy of flowing water to power turbines and
generate electricity, and they are often preferred by homeowners in remote areas. While
the use of hydrogen energy in buildings is not yet widespread, it is being researched as a
potential tool for decarbonizing heating and cooling in buildings. A common approach
involves fuel cells that are capable of generating both electricity and heat for buildings [16].

2.2. Decision Making about Renewable Energy Technologies for Buildings

The building production is a process consisting of various stages where numerous
decisions need to be made. The decision to use renewable energy technologies in buildings
is one of the many decisions in the building production process; thus, it represents a
technology selection. This decision is influenced by the decisions of the actors involved
in the process. It is important for these actors to determine the technology to be used in
the building based on certain criteria, and to examine technology alternatives according to
these criteria in order to make selection decisions.

2.2.1. Actors Influencing the Building Production Process

The actors involved in the building production process have different perspectives and
priorities during the decision-making stages of building production. Winch [22] describes
project stakeholders as “those affected by the outcomes of the project, depicted as internal
and external actors. Internal actors include property owners (employers), units dependent
on property owners, users, financiers, design team (architect, engineer, consultant, specialist),
project management, contractors, and subcontractors, material suppliers. External actors
include local government, regulatory bodies, national government, boards and top super-
visory organizations, civil society organizations, archaeologists, financiers, local residents,
environmentalists”. Kili¢ [23] groups actors in the building production process as designers,
managers, decision makers, founders and sellers, and users. Cooke et al. [10] determined
the actors influencing the building design process as architects, building services engineers,
customers, expert consultants, planners, project managers, technology suppliers, and contrac-
tors. The actors involved in the building production process, such as architects, employers,
and users, influence the criteria for deciding on the use of RETs. The selection of renewable
energy technology relates to the energy system decision for a building during the design
phase. The use of RETs depends on the decisions of actors involved in building production
when it is not mandatory at a national or global scale due to policies, laws, etc. Actors may
have different motivations and can be influenced by various reasons to make this decision. For
example, owners may seek financial profitability while architects may focus on environmental
sustainability. In Turkey, the “Regulation Amending the Regulation on Energy Performance of
Buildings”, which was prepared by the Ministry of Environment, Urbanization and Climate
Change and announced in the Official Gazette in 2022, mandates that a certain portion of
energy consumption in buildings above a certain square meterage must be obtained from
renewable energy sources [24]. However, clarity on how to select the appropriate technology
has not been provided. While traditional energy systems and whether RETs should be used
instead of the existing system are options, if RETs are to be used, they must also be diversified
as alternatives. Actors evaluate both quantitative and qualitative factors in the technology se-
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lection decision-making stage and make decisions accordingly. Therefore, the problem-solving
process requires a multi-criteria decision-making approach.

2.2.2. Criteria for Technology Selection

It is important to define the criteria affecting the decision process of the use of RETs
in buildings. The favorable and unfavorable characteristics of RETs have become both
obstacles and opportunities for the use of RETs, and they are instrumental criteria for
decision making. The criteria that have an impact on the decision to use RETs vary all over
the world, and they are specific to the site and situation [9]. National and global studies
identify the categories of opportunities and barriers, as well as the criteria that influence
the decision to use RETs in different contexts.

Every energy generation and transmission method affects the environment. Conven-
tional energy generation options can damage the air, climate, water, soil, wildlife, and
landscape, and they can also increase harmful radiation levels. RETs are significantly safer
technologies that offer solutions to many environmental and social problems associated
with fossil and nuclear fuels [25-27]. RETs have environmental benefits such as low carbon
emissions, the absence of waste products, reduction in greenhouse gas emissions, the pre-
vention of toxic gas emissions, land reclamation, reduction in necessary transmission lines
of electricity networks, and the improvement of the quality of water resources; in addition,
they include benefits from a socio-economic perspective, such as increased regional and
national energy independence, significant job opportunities, diversification and security
of energy supply, support for the deregulation of energy markets, and the acceleration of
rural electrification in developing countries [27]. Cooke et al. [10] discussed the oppor-
tunities related to RETs under the headings of long-term economic benefits, availability
of government support, image benefits, reducing environmental impacts, and corporate
social responsibility. The main reasons for the use of RETs in buildings are financial criteria,
personal factors (customer values, etc.), and supportive policy plans [10]. Maldonado and
Marquez [28] stated renewable energy sources contribute to sustainable development but
that some barriers cause their potential to be unrealized. Additionally, they identified
four main categories of barriers to the use of renewable energy in Latin America: market,
technological or R&D, institutional, and socio-economic. In a study, Weber [29] summa-
rized the barriers as market, institutional, organizational, and behavioral barriers (i.e.,
professional conservatism, uncertainty, and risk). Painuly [30] proposed 40 sub-criteria
within seven criteria (market deficiency, market problems, economic, institutional, technical,
socio-cultural, behavioral, etc.). Within the framework of identifying and addressing the
barriers to renewable energy use in developing countries, Kili¢ [23] conducted a study on
smart buildings and classified the barriers as technological, economic, legal, and behavioral
(designers, managers, decision makers, builders/sellers, and users). Most of the studies on
barriers discuss them as a technical and economic problems [31]. Gann [32] emphasized
the lack of dissemination of new knowledge and poor adaptation of new approaches in the
construction sector. Reddy and Painuly [31] addressed non-technological barriers to the
utilization of RETs through wind and solar energy by interviewing various actors such as
consumers, equipment manufacturers, energy developers, and policymakers. They identi-
fied the barriers as lack of awareness and knowledge, economic and financial constraints,
technical risks, institutional and political barriers, market barriers/market failures, and
behavioral barriers.

In their study on the factors affecting the use of renewable energy in the United
Kingdom, Foxon et al. [33] discussed the subcategories of R&D, demand for products,
information exchange between actors, and economic conditions. According to Tsoutsos,
Frantzeskaki, and Gekas [27], it is important to analyze the environmental impacts of these
technologies, which are environmentally friendly, to make them common. In addition,
measures such as rationing water use for cleaning solar panels, waste disposal practices,
and the use of biodegradable chemicals should be taken into account to eliminate possible
negative impacts. Wall et al. [34] saw system cost as an overall problem. A general lack of
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awareness and knowledge about RETs, a general reluctance among construction profes-
sionals to use “new” technologies, and the limitations due to architectural and aesthetic
concerns are seen as barriers to the use of these systems. It is known that the use of RETs
has an impact on the architecture and aesthetics of a building. Systems such as photovoltaic
panels occupy large areas and affect building aesthetics. Margolis and Zuboy [35] reported
that barriers included the lack of government policy, lack of information dissemination
and consumer awareness, high cost, inadequate financing, inadequate labor skills and
training, lack of standards and guidelines, poor public perception of renewable energy
system aesthetics, and the lack of actor and community participation in energy choices
and RET projects. Cooke et al. [10] considered the barriers social and economic criteria,
such as high initial investment cost, duration of investment return, lack of information,
perception of risk, unsuitable area, perception that RETs have not proven themselves, and
inconsistent policies and planning. Wall et al. [34] defined the architectural criteria for solar
energy technologies as product diversity, manufacturer knowledge of architecture, architect
knowledge of the possibilities offered by existing technologies and innovative products,
and whether architects have the tools to make quantitative measurements when making
overall design decisions in the early design phase. Wall et al. [34] said the criteria for
architectural integration of solar technologies were personal interest, employer’s interest,
economic viability, government incentives, knowledge about incentives, confidence in
technologies, knowledge of the architect/employer/consultant, availability of architectural
integration literature, useful guidelines for architects, suitability of products, simple compo-
nents, the appearance of products, tools to support design, acceptance of technology, time
and resources, and climatic conditions. Appendix B contains the criteria that are effective
in the use of renewable energy technologies, as derived from the studies reviewed in the
literature [9,10,14,27-38].

3. Materials and Methods

Within the scope of this study, which examined the increase in use of RETs in buildings
in Turkey, a decision-making model was developed to determine the appropriate option
for the need and purpose in cases with many participants and options. This paper utilized
a literature review, expert group interviews, and the analytic hierarchy process (AHP)
method in the study, and the detailed description of the study process can be found in
Table 1.

Table 1. Research methodology.

Step 1
Literature review

Step 2
Expert Group Interview

e  Research question

How can the utilization of renewable energy
technologies (RETs) in buildings be increased
in Turkey?

e  Research objectives:

This research aims to investigate how the
decision-making process regarding the use of
renewable energy technologies (RETs) in
buildings in Turkey can be conducted by
examining the RETs in Turkish buildings. This
is achieved by analyzing the relevant policies,
regulations, and strategic plans, as well as by
exploring the perspectives of stakeholders in
the sector and identifying usage criteria.

Situation analysis:

The current status of renewable energy
technologies (RETs) in Turkey.

The strengths and weaknesses of RETs in
Turkey.

The barriers and opportunities for the
utilization of RETs in Turkey.
Stakeholder perspectives:

The perspectives of stakeholders on RETs in
Turkey.

Usage criteria:

The criteria for the utilization of RETs in
Turkey.
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Table 1. Cont.

Step 3
The selection of the method to be used for the model

AHP Model

Model Establishment Process

1. Determination of the hierarchical structure;
2.  Development of comparison matrices;

3. Consistency assessment;

4. Data evaluation.

Step 4

Analysis

Findings Interpretations

In this model, the analytic hierarchy process (AHP) method [36-38], one of the multi-
criteria decision-making methods, was used both for the compatibility of the decision-
making process, for defining the criteria, finding the weight of the criteria, and creating
the hierarchical structure (decision matrix). The criteria were determined by conducting
expert group discussions. In other words, two methods were used within the scope of
the model. In the first method, expert group interviews with experts were conducted in
two stages. In the first stage of these interviews, open-ended questions were asked to the
experts in line with the information obtained from the literature review, and the criteria
and sub-criteria to be used in the model were revealed. Within the scope of the second
method, i.e.,, AHP, the hierarchical structure was determined in the 1st stage. As a first
step, the system elements consisting of the objective, criteria, sub-criteria, and technological
options were sorted in a hierarchical order, with the objective at the top and the options
at the bottom. In the 2nd stage of the main criteria (the second stage of the expert group
interviews), sub-criteria and options were compared pairwise, and their importance levels
were found. These comparisons were carried out by interviewing the expert group for
the second time. In the 3rd stage, the consistency ratio of the values was calculated using
Excel 2016 to understand the reliability of the results, which were obtained from pairwise
comparisons. In the 4th stage, the most-effective criteria for technology selection were
found, and the most-appropriate technologies were determined.

3.1. Expert Group Interview

The purpose of expert consultations was to delineate the general framework of utilizing
renewable energy technologies in buildings in Turkey and to gather general opinions from
RET experts and practitioners to determine selection criteria. The method of expert group
discussion is important due to the involvement of multiple actors in the building production
process and the influence of their perspectives on the process. The first stage of this study; i.e.,
the literature review, led to the identification of the following areas of inquiry:

1.  Arerenewable energy technologies currently being utilized in buildings in Turkey?
To what extent is the adoption of these technologies prevalent?

2. Which actors are advocating for or against the incorporation of renewable energy
technologies in the building production process, and what are the underlying reasons
for their preferences or hesitations?

3. What are the existing barriers and opportunities concerning the integration of renew-
able energy technologies in buildings in Turkey? Additionally, what are the essential
decision-making criteria for the implementation of these technologies?

4. How does the decision-making process unfold regarding the utilization of RETs in buildings?

The actors (expert group) in the building production process to be interviewed within
the scope of expert group in-depth interviews were grouped as architects, investors (em-
ployers), engineers, consultants, RET system manufacturers/companies, and users (Table 2).
The term ‘users’ refers to the building occupants who are the operational staff using the
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buildings where RET application is implemented. Listed professionals were chosen based
on their experiences with renewable energy technologies in the pre-construction, construc-
tion, and post-construction phases of the building production process. These professionals
have a minimum of 20 years of experience in the industry. They are individuals who have
been involved in designing renewable energy technologies during the building design
process, as well as those who have implemented technologies during the construction
phase, managed building operations during the use phase, and who were directly involved
in the production of technologies within their respective companies. As a result, the con-
clusions drawn from the literature review can be specifically rationalized and elaborated
upon regarding the utilization of RETs in Turkey, thereby enabling a detailed exposition of
the Turkish context. Semi-structured, in-depth interviews were conducted by convening
participants around a table. At the beginning of the interviews, a brief explanation of the
research and its objectives was provided to the participants. Following verbal consent, the
participants were presented with the open-ended questionnaire listed above.

Table 2. The actors (expert group) in the building production process that were interviewed within
the scope of the expert group in-depth interviews.

Profession Company Role in RET System
1 Architect—Al Private Design
2 Architect—A2 Public Design
3 Engineer—Mechanical Engineer Private Design-Implementation
4 Engineer—Electrical Electronic Engineer Private Design-Implementation
5 Investor—I1 g\l/}zlri(i:cipali ) Design-Implementation-Use
6 Investor—I2 Private Design-Implementation-Use
7 Consultant—C1 Private Design-Implementation
8 Consultant—C2 Private Design-Implementation
9 RET Company—RET1 Private Design-Implementation
10 RET Company—RET2 Private Design-Implementation
11 User—U1 Private Use
12 User—U2 Private Use

Interview Findings

During the interviews, the focus was placed on the status of the RETs in the building in
Turkey, and national standards and regulations were outlined through criteria to understand
the progress in the utilization of RETs in the buildings. Based on the findings of the interviews,
a comprehensive evaluation of RETs, barriers/opportunities, factors influencing usage by
actors, and usage criteria based on building functions were investigated. This study revealed
the challenges and opportunities regarding the utilization of RETs in Turkey. From the
interviews, it was concluded that RETs are being used in buildings in Turkey, but its usage has
not yet become widespread. According to the Ministry of Environment and Urbanization’s
Strategic Plan for 20222023, out of the1,329,566 buildings in Turkey that obtained an energy
performance certificate, renewable energy was used in only 63,957 buildings [6]. Both the
expert opinions and data from the Ministry of Environment and Urbanization support the
conclusion that the usage of RETs has not yet become widespread.

The results of the expert consultation regarding the influential criteria for deciding
on the implementation of RETs in buildings are presented in Appendix C (The crite-
ria/opportunities influencing the decision to implement RETs in buildings). The crite-
ria/barriers that are effective in the utilization of RETs in buildings, which were obtained
from the findings achieved from the interviews with experts, are listed in Appendix D.
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According to the experts interviewed within the scope of the expert group, the reasons
architects, customers, and users prefer RETs in buildings are due to environmental concerns,
economic benefits, and the effect of RETs on ongoing costs, respectively. The most-effective
criterion in applications of RETs was found in observing previous results. If architectural
offices had experience in RETs, the application rates increased. One of the most-important
criteria for preferring RETs is geographical conditions. The experts in the expert group
interview stated that, especially for wind energy, some regions in Turkey are suitable in
terms of geographical conditions, while some do not affect the use of RETs. In addition,
the fact that solar energy is suitable for use throughout Turkey, although its efficiency
rate varies, causes this technology to be used more often. Laws and regulations and
long application and approval processes negatively affect the use of these technologies,
especially wind energy. The procedure for using solar energy in Turkey is simple, which
is one of the factors why this technology is preferred. In the expert group interviews,
the practitioners stated that, in buildings where RETs are used, the suggestion of using
RETs was mostly not suggested by architects. Moreover, the applications related to solar
energy were mostly in industrial buildings or detached houses, and this technology cannot
be realized in collective housing projects due to procedural restrictions. An important
point emerging from the interviews was the changing actors throughout the building
production process, including the design, construction, use, and demolition stages, as
well as the varying impacts on stakeholders in terms of costs and benefits. For example,
while solar panels may represent an unnecessary investment cost for investors, they may
signify a cost-saving opportunity for users in terms of ongoing expenses; yet, they are also
obsolete electronic waste for society during the demolition stage. Consequently, a system
can have different effects during the construction, use, and demolition/recycling stages.
This necessitates the comprehensive evaluation of all potential impacts from both process
and stakeholder perspectives, as well as the incorporation of such analyses into the design
phase. Unforeseen errors in the construction sector can lead to irreversible damage.

One of the most-significant factors influencing the preference for the adoption or
non-adoption of systems when they are not mandatory is the construction and operation
models. While not preferred in the build-operate-transfer model, they may be favored in
structures where the builder and operator are the same. According to the experts, RETs are
generally preferred when the investor, constructor, and person covering the costs during
the usage phase are the same (e.g., public buildings, factories, etc.). However, in housing
projects where the user is not identified during the construction phase, they are generally
not preferred. Another reason for the preference for RETs is the amount of the operating
costs. This is especially the case for large structures with high energy requirements (such
as factories, stadiums, hotels, etc.), as if the operation is determined in advance, RETs are
requested during the design phase.

In the scope of the focus group, the reasons for architect preferences in buildings where
RETs are implemented were found to be environmental concerns, while customer prefer-
ences were found to be driven by economic benefits, and user preferences were influenced
by ongoing costs. Architects generally prefer solar energy due to the variety of products,
ease of application, simplicity of procedures, and its established use. The most-effective
criterion in applications is the previous observation of results. The rates of implementation
increase if architecture firms have previous experience with RET applications. One of the
most-important criteria in choosing RETs is also geographical conditions.

According to the interview results, the decision-making process does not progress
systematically; rather, it arises when there is a demand from an actor, particularly in the
absence of a mandate. Due to the high operational costs in factory buildings, employers may
request solar and wind energy. Engineers and consultants implementing biomass energy
in agricultural, livestock, and food production facilities have indicated that biomass energy
is used due to the disposal issues of waste, as well as due to the fact that these wastes can
serve as valuable raw materials. This enables both waste disposal and electricity generation.
This demonstrates that the building function influences the choice of technology. As the
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use of RETs has been increasing as of 2023, applications can result in negative outcomes.
Infrastructure constraints such as technical inadequacies in networks are also present with
increasing demand. Additionally, an issue that was highlighted by experts was the odor
problem in some biomass systems.

3.2. Decision on the Methodology for the Model

To propose a model for the use of renewable energy technologies in buildings, the key
questions of who the decision makers are and how the process is related to RET decisions
operations was clearly defined through a literature review and expert consultations. The
construction sector is characterized by complex, large-budget, and project-based endeavors
involving various professional groups and functions. Each project is unique, with a complex
process and numerous actors (decision makers) being involved. An important question
is what is required for a certain technology or system to be used in buildings. For RETs
to be used in buildings, there must be a demand for them. At this point, a crucial aspect
of building production is who made the demand and whether it is mandatory. If it is not
mandatory, the question of what is needed for it to be preferred by any actor was asked of
the decision makers involved in the building production process via in-depth interviews,
and this led to the establishment of certain criteria. In the decision-making process, it is
necessary to assess the benefits provided by any system or to select one from among the
options. Generally, the primary task of evaluation is to select the options that serve the
defined purpose and to objectively compare these options with each other. In architecture,
the task of evaluation is defined as consciously determining the mutual interactions of the
value systems of groups such as property owners and users that contribute to the formation
of an architectural product, and this is performed in order to achieve the optimal solution.
Various methods and techniques are used for architectural evaluations based on scientific
principles. These methods are generally classified into three groups: benefit-based methods,
cost-based methods, and multi-criteria decision-making methods [39].

Decision making is a key factor in achieving success in areas such as the construction
sector, which involves handling large amounts of information and experience. Since most
construction processes involve numerous factors that need to be considered, decision
making in such environments often becomes a challenging problem to overcome. At this
point, there is a need for a system that can help solve such complex scenarios. Multi-criteria
decision-making methods (MCDMs) have emerged as a system to facilitate the resolution
of these problems; in subsequent periods, different MCDM methods were developed under
different conditions and application areas.

Analytic Hierarchy Process (AHP)

The analytic hierarchy process (AHP), developed by Thomas L. Saaty in 1977, is
one of the most widely used multi-criteria decision-making methods due to its ease of
implementation [36-38]. It is commonly preferred by decision-making groups in solving
complex problems. The method is used in multi-criteria decision-making situations, i.e.,
when there are many options and decision makers. In situations requiring decision making,
it is important to incorporate the opinions of influential actors into the decision-making
process. With AHP, both the subjective and objective thoughts of actors can be included
in the process. AHP is based on the principle of combining decision-maker knowledge,
experience, and intuitions in a logical framework. Instead of forcing individuals to use
a method to make decisions, AHP allows them to recognize their own decision-making
mechanisms, thereby facilitating better decision making [36].

In decision-making processes involving multiple criteria, such as the selection of what
RETs to use, weightings, importance, or superiority calculations should be made for the
many criteria to choose one of the possible technologies. AHP is based on structuring
decision problems at different hierarchical levels such as objectives, main criteria, sub-
criteria, and alternatives. The application of the method relies on establishing a managerial
decision mechanism by assigning relative importance values to decision alternatives and
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criteria. The decision process is organized by decomposing a complex multi-criteria de-
cision problem into a hierarchical structure. The AHP method, which involves pairwise
comparisons at each level, is used to evaluate independent factors within different hier-
archical structures. To determine the priorities of actors using the AHP method, pairwise
comparisons are made using a comparison scale. The main criteria are compared to each
other, the sub-criteria are compared to the main criteria, and, finally, the alternatives are
compared to each sub-criteria. The next step involves calculating the eigenvalues and
eigenvectors of pairwise comparison matrices to determine and rank the weights of the
criteria and alternatives. In this system, numerical performance measurements performed
systematically are combined with subjective perceptions to reach a conclusion.

3.3. Establishing the AHP Model

A decision-making process seeks to achieve the most-suitable solution to a problem
under the most-appropriate conditions through the use of a model. Otherwise, implement-
ing the real system can be disadvantageous both in terms of cost and time. The modeling
approach focuses on identifying the important components and their relationships rather
than addressing all the details of the real situation.

In the establishment of the analytic hierarchy process (AHP) model, advanced mathe-
matical knowledge is not required, and both concrete and abstract criteria can be considered
together. This eliminates the need for assumptions. During the decision-making process,
decision makers reflect their own ideas and evaluations onto the model, and the results
are generated based on mutual decisions, which are accepted by the actors involved in the
decision process. Consequently, the likelihood of implementing the results increases [40].

The establishment of the AHP model consists of four steps, as explained in Figure 1.
Initially, the related elements of the problem (criteria and alternatives) are organized
hierarchically. Then, pairwise comparisons are made among the decision elements, and
these verbal expressions are quantified using a ratio scale. Subsequently, a consistency
ratio (CR) is calculated for each matrix to assess the consistency of the experts’ judgments.
Finally, the relative weights of the defined decision elements are calculated, and these
weights are totaled up to carry out the decision-making process.

Step 1.
Determination of the hierarchical structure of the evaluation problem.

O

Step 2.

Formation of the comparison matrices and determination of the relative

importance of the elements in the hierarchy.

A

Step 3.
Calculation of the consistency ratio (CR).

A

Step 4.
Data analysis.

Figure 1. The establishment of the AHP model.

3.3.1. Determination of the Hierarchical Structure of the Evaluation Problem (Step 1)

The first step in using the AHP method is to arrange the system elements, which consist
of the goals, criteria, sub-criteria, and alternatives in a hierarchical order, with the goal at
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the top and alternatives at the bottom, as shown in Figure 2 [38]. General characteristics
are placed at the top level of the hierarchy, while specific elements are positioned at lower
levels. A consistent and well-structured hierarchical system is flexible in response to minor
interventions, as small changes do not significantly impact overall performance.

Goal

Criteria

Alternatives ‘ | I l | |

Figure 2. Hierarchical structure.

In the scope of the AHP method, the data obtained from literature reviews and expert
group interviews were used to define the criteria and sub-criteria that are effective in mak-
ing decisions about technologies in the first stage of establishing the hierarchical structure.
As shown in Table 3, the criteria effective in decision making regarding technologies have
been identified as technic—technological R&D, economic, socio-cultural, environmental,
institutional / political, time, and aesthetic criteria (along with their respective sub-criteria).

Table 3. The main criteria and sub-criteria for the use of renewable energy technologies.

Main Criteria

Sub-Criteria

Ease of implementation
Knowledge and experience

;l:ccl?rrll;?ilg/ical R&D Fault det'ection and intervention/probability and frequency of faults/ease of maintenance
System lifespan and warranty
Production volume/time, product diversity, and logistics
Initial investment cost
Return-on-investment period
Economic

Impact on ongoing costs during usage
Maintenance and repair costs during usage
Incentives and credits

Socio-cultural

Stakeholder interest/knowledge/experience
Social values/stakeholder perception of values
Image benefits

Social responsibility

Acceptance of innovations

Environmental

Climate conditions/geographical advantages/energy potential in the region
Management of energy demand

Environmentally friendly energy production/nature-friendly technologies
Recyclability of the system

Combeatting climate change/ecological values

Institutional /
political

Bank loans

Energy pricing

Changes in energy demand/increasing energy demand
Government policies/supports and incentives

Global agreements

Indigenousness and not causing current account deficit
Local regulations

N U XN O WSO WSO R WG W
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Table 3. Cont.

Main Criteria

Sub-Criteria

1.  Positioning (roof-facade)
Aesthetic 2. Visual impaFt / aestheti.c .

3.  Integration into the building

4. Ability to integrate with design/standard/special production
Time

The hierarchical structure comprising the main criteria, sub-criteria, and the renewable
energy technology alternatives used/usable in buildings in Turkey was established, as
illustrated in Figure 3.

3.3.2. Formation of the Comparison Matrices and Determination of the Relative
Importance of Elements in the Hierarchy (Step 2)

The hierarchical structure consists of elements at different levels. At the top level, there
is the goal, which is followed by the main criteria at a lower level, and then the sub-criteria
under the main criteria. At the lowest level, there are alternatives. Binary comparison
matrices are created for each level of elements with respect to the goal. The main criteria are
compared based on the main goal, the sub-criteria are compared based on the main criteria,
and the alternatives are compared based on the sub/main criteria. Binary comparisons
involve first comparing the main criteria, then each sub-criteria within each main criterion,
and finally considering all the criteria to compare the alternatives. As a result, 38 binary
comparison matrices were obtained by comparing each main dimension with the others,
the same process was then repeated for the sub-criteria compared to their main criteria,
and the different alternatives were finally compared for each sub-criterion. All binary
comparison matrices related to the model are provided in the Supplementary Materials.
For the implementation of the comparison matrices, a second meeting was held with the
research team, consisting of architects, engineers, and renewable energy technology experts
who were all consulted within the scope of this study. The focus group data collection
technique was used as the data collection method. The authors served as the moderators
and report writers during the focus group discussions. It was important for team members
to share their past experiences, opinions, and knowledge. The binary comparison matrices
were compared by experts using the nine-point Saaty scale (in relative importance scale),
which was developed by Saaty [41] (Table 4).

The scale used in decision making should be statistically and intuitively meaningful.
The relative importance scale is the fundamental scale of the AHP as it allows for binary
comparisons to be made qualitatively or quantitatively. The relative importance scale
describes the definitions of values from 1 to 9 [41]. While comparisons for quantitatively
measurable criteria can be easily made, the definitions of values should be shared with the
decision makers for the qualitative criteria [42]. If the decision maker cannot determine
the degree of importance between two elements being compared, the two elements are
considered equally important and the importance degree is marked as 1. If one of the two
elements is significantly more important than the other, the marked importance degree is 9.
When arranging binary comparison matrices for all elements, the matrix to be created is of
size nxn for an “n” criteria goal. The value of comparing an element with itself is placed as
1 on the diagonal corners of the matrix. When two elements are compared, the importance
of the criteria is first determined; then, the degree of importance is examined.
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Selection of renewable energy technology

Figure 3. The hierarchical structure.

Goal ‘
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Table 4. The Saaty scale.

Degree of Importance Definition

1 Equally important

3-1/3 Moderately more/less important
5-1/5 Considerably more/less important
7-1/7 Absolutely more/less important
9-1/9 Extremely more/less important
2-1/2,4-1/4,6-1/6,8-1/8 Intermediate values

Initially, binary comparisons of the main criteria were made, which was followed by
sub-criteria, and, then, comparisons of the alternatives were made for all the criteria. The
general representation of the binary comparison matrix is shown in Figure 4 [42].

Element-1 Element-2 ....... Element-n
Flement-1 aj=wy/ wi ap=wyw?  ....... ap=wWi/ Wy
Element-2 a)=war wi an=wi/wr ....... Axy="W2 [Wp
Elementn apl=Wp Wy apr=Wp /' W2 . Apn=Wp' W p

Figure 4. Binary comparison matrix.

In the AHP method, the number of elements in the comparisons should be small. For
consistency, the number of elements in the comparisons was taken as seven (£2).

An example of the binary comparison matrix of the main criteria, which is one of
the pairwise comparison matrices made within the scope of this study;, is illustrated in
Table 5 below. The number 7 assigned to the economy criterion in the second row and
the aesthetic criterion in the last column of the main criteria’s binary comparison matrix
indicates that, according to Saaty’s relative importance scale, the economy criterion is
significantly (7 times) more important than the aesthetic criterion. Similarly, the number
1 assigned to the aesthetic criterion in the last column and the time criterion in the fifth row
indicates that the aesthetic criterion and the time criterion were equally important.

In the AHP method, the next step after creating pairwise comparison matrices is
to calculate the eigenvalues and eigenvectors of the matrices to determine and rank the
weights of the different sub-criteria and alternatives. According to Saaty, the steps for
computing the exact priorities involve raising the matrix to a large power, summing the
matrix across rows, and finally dividing each entry by the sum of all entries in each row
to normalize the weights. The best method, which provides the most-accurate results, is
used to determine the priority vectors. In this method, the elements (n in total) in each
row of the pairwise comparison matrix are multiplied with each other, and then the nth
root is taken. The resulting values are normalized. This process is essentially finding the
geometric mean [42].

Upon examining the eigenvector values shown in Table 6, which belong to the compar-
ison of the main criteria, it is evident that the economy criterion has the highest value. This
indicates that it is the most-influential criterion in decision making. The ranking of relative
importance values in the figure somewhat represents the ranking of criteria importance.
The technical-technological R&D criterion follows in second place, while the other criteria
have values that can be mathematically neglected.
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Table 5. Binary comparison matrix of the main criteria.

Technical/technological /
R&D

Economic

Socio-cultural

Environmental

Institutional /
political

Time

Aesthetic

Technical/Technological/
R&D

Economic

Socio-Cultural

Environmental

Institutional/
Political

Time

Aesthetic

1/9

Table 6. Computing the exact priorities.

6

5
2
2

O |0 ||| &

W W W O

Technical/Technological/

Institutional/

R&D Economic Socio-Cultural Environmental Political Time Aesthetic
Technical/technological
RQD gical/ 1 0.1111111 6 2 6 6 5
Economic 9 1 7 7 5 9 7
Socio-cultural 0.16667 0.1428571 1 1 2 4 3
Environmental 0.5 0.1428571 1 1 2 9 3
Ins;gﬁfi‘g‘lal/ 0.16667 02 05 05 1 9 3
Time 0.16667 0.1111111 0.25 0.11111 0.1111111 1 1
Aesthetic 0.2 0.14285714 0.333333 0.33333 0.3333333 1 1
7 3.946032 20.944 16.111 30.88889 114 58.7778
26.4 7 82.083 44.833 95.33333 215 125
3.719 1.720106 7 5.7778 9.15873 40.2857 20.8333
Square matrix 4.8857 2.312698 10.25 7 11.71429 47.2857 27.5
4.5667 1.989947 7.15 5.2333 7 30.3 20.2333
1.6491 0.457407 2.7778 1.9722 2.833333 7 5.02778
2.1302 0.580952 3.6167 2.6778 4.025397 11.819 7
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3.3.3. Calculation of Consistency Ratio (CR) (Step 3)

To evaluate the consistency of the experts’ judgments and to understand the reliability
of the results obtained from pairwise comparisons, a consistency ratio (CR) needs to be
calculated for each pairwise comparison matrix. For an acceptable level of consistency,
the CR value should be less than 0.10. If the ratio is greater than 0.10, it indicates that
the decision makers have provided inconsistent judgments. The inconsistency ratio is
obtained by multiplying the comparison matrix with the relative importance vector from
the right. The first element of the resulting vector is divided by the first element of the
relative importance vector, the second element by the second element, etc., until a new
vector is obtained. The sum of the elements of this new vector is divided by the number
of elements to obtain an approximate value for the largest eigenvalue (max A), which is
crucial for assessing the consistency of the judgments. For the pairwise comparison matrix
to be consistent, the largest eigenvalue (max A) of the matrix should be equal to the number
of elements (n) involved in creating the matrix. In other words, in a consistent scenario,
n = max A, and the deviation from consistency is called the consistency index (CI). The
consistency index (CI) is compared to the random index (RI) to calculate the inconsistency
ratio (IR). In a sense, IR = RI/CI. Here, the random index (RI) represents the average values
of the pairwise comparison matrices that are randomly derived based on the number (n).
The random index values prepared for matrices of size 1-15 are shown in Table 7 [43]. CR
is given by CI/RI, where Amax is the maximum eigenvalue and n is the size of the matrix.
RI represents a random index depending on n [44].

Table 7. Random index (RI) values.

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45

The overall weights of the alternatives are obtained by multiplying their priorities
with the priorities of sub-criteria and dimensions, as well as by, finally, summing up the
values obtained for each alternative.

3.3.4. Data Analysis (Step 4)

The most-effective criteria determined for the decision to use RETs were as follows:
injtial investment cost, ease of implementation, production volume duration, product vari-
ety and logistics, incentives and credits, return-on-investment period, system lifespan and
warranty, fault detection and intervention, fault probability, maintenance ease, knowledge
and experience, maintenance and repair costs during use, and ongoing costs during usage.

The technologies were compared based on criteria, and photovoltaic was selected as
the best technology. Meanwhile, other effective technologies included solar water heating +
solar heating, wind, geothermal, biomass, and hydrogen.

To evaluate the data obtained from the experts’ opinions, the following steps were followed:

The total value and average value were calculated for each criterion;
The elements in the pairwise comparison matrix were divided by the sum of the
column to obtain a normalized matrix;

e  Then, the arithmetic mean of the values in the column after the normalization of the
matrix was calculated. The obtained value provided the relative importance coefficient
for the respective criterion;

e  The consistency ratio was calculated to understand the reliability of the calculated
relative importance coefficients (Table 6 and Figures 5 and 6).
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Ease of
implementation

Knowledge- Fault System Production Initial Duration of Impacton | Maintenance | Incentives
experience detection | lifecycle and volume investment | investment ongoing and repair and credits
and warranfy duration, cost return costs during cost i Total
intervention, Product the utilization
Frequency variety utilization
of failure phase
probability,
Ease of
maintenance

0.399296239

0.04029519 | 0.086772719 | 0.098648681 | 0.174087172 | 0.690763071 | 0.112375642 | 0.023382258 | 0.025278396 | 0.147999733 | 2

Global 0.126693023 | 0.00851832 | 0.018344013 | 0.020854627 | 0.036992813 | 0.356310148 [ 0.057965649 | 0.01216421 | 0.013039112 | 0.076341282 | 0.727223
weight
Solar heating | 0.215664081 | 0.02563229 | 0.189893201 | 0.142857143 | 0.073321472 | 0.247443308 | 0.142857143 [ 0.142837143 | 0.142837143 | 0.142837143 0.147670228
Solar water | 0.215664081 | 0.04256632 | 0.189893201 | 0.142857143 | 0.073321472 [ 0.247443308 | 0.142857143 [ 0.142837143 | 0.142837143 | 0.142837143 0.147814481
heating
Photoveoltaic | 0.215664081 | 0.02201640 | 0.189893201 | 0.142857143 | 0.248618785 | 0.247443308 | 0.142837143 | 0.142837143 | 0.142837143 | 0.142837143 0.154124166
Wind- 0215664081 | 0.07833983 | 0.189893201 | 0.142857143 | 0.248618785 | 0.095375722 | 0.142857143 | 0.142857143 | 0.142857143 | 0.142857143 0.100420735
powered
Geothermal 0086409188 | 0.14714662 | 0.189893201 | 0.142857143 | 0.248618785 | 0,095375722 | 0.142857143 | 0.142857143 | 0.142857143 | 0.142857143 0.084631174
Biomass 0.030809154 | 0.26030608 | 0.032352175| 0.142857143 | 0.059837063 | 0.044686327 | 0.142857143 | 0.142857143 | 0.142857143 | 0.142857143 0.050616413
Hydrogen 0020125335 | 0.42399246 | 0.018181818 | 0.142857143 | 0.047663638 | 0.022232103 | 0.142857143 | 0.142857143 | 0.142857143 | 0.142857143 0.041946204
0.727223400
Figure 5. The global weights of the technologies based on the criteria.
Ease of Knowledge- Fault System Production Initial Duration of | Impacton | Maintenance | Incentives
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Figure 6. The normalized weights of the technologies based on the criteria.

Synthesis of the Data Using Global Weighting Method

The importance coefficients of the criteria were calculated through pairwise com-
parisons using the analytic hierarchy process (AHP) method based on the data obtained
from the survey. Additionally, the weights of each sub-criterion were determined through
sample analysis. The data were integrated in Excel to create the model, as illustrated in
Figure 5.

In the context of the model solution, in terms of the percentage ranking of the main
criteria, the economy criterion emerged as the most-important main criterion with 51.58%,
which was followed by the technical-technological R&D criterion with 21.14% as the
second-most important criterion. The rankings of the other main criteria were as follows:
environmental impact 9.14%, socio-cultural 7.41%, institutional—political 6.16%, aesthetic
2.72%, and time 1.82%.

When examining the sub-criteria of the main criteria, the most-important sub-criteria
were as follows: first investment cost with a value of 0.345381986, ease of implementation
(0.29964812), production volume duration product diversity (0.087493586), incentives and
credits (0.073999867), duration of investment return (0.056187821), system lifespan and
warranty (0.049324341), fault detection intervention fault probability maintenance ease
(0.043386360), knowledge experience (0.02014759), maintenance repair cost in utilization
(0.012639198), and impact on ongoing costs during uutilization phase (0.011791129).

In the model solution, among the alternative renewable energy technologies, pho-
tovoltaic technology was ranked first with a value of 0.209655321, thus indicating it was
the best technology. The ranking of the alternative renewable energy technologies was as
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follows: solar water heating (0.194731962), solar heating (0.194390782), wind (0.158268698),
geothermal (0.120924003), biomass (0.065683992), and hydrogen (0.056345242).

When the sub-criteria of the economic criterion were compared in pairs

The initial investment cost was seen as the most-important criterion, and this was
followed by incentives and credits and then the duration of investment return. The impact
on the ongoing costs during the usage and maintenance repair costs when being used were
found to be the least effective in decision making.

When the sub-criteria of the technical-technological R&D criterion were compared in pairs

Ease of application is seen as the most-important criterion, followed by production
volume duration and product variety/logistics. Fault detection/intervention/probability,
system life and warranty, knowledge and experience criteria may be considered ineffective
in decision making.

Comparison of the RETs with the sub-criteria of the economic criterion

Comparison of the RETs according to the initial investment cost sub-criterion

Solar heating, solar water heating, and photovoltaic were the most-preferred technolo-
gies, which was followed by wind + geothermal, biomass, and hydrogen.

Comparison of the RETs according to the duration of investment return sub-criterion

The return-on-investment period sub-criterion did not affect the technology decisions.

Comparison of the RETs according to the impact on ongoing costs during the utilization phase
sub-criterion

The impact on the ongoing costs during usage sub-criterion did not affect the technol-
ogy decisions.

Comparison of the RETs according to the incentives and credits sub-criterion

The incentives and credits sub-criterion did not affect the technology decisions.

Comparison of the RETs according to the maintenance repair costs during usage sub-criterion

The maintenance repair costs during usage sub-criterion did not affect the technology decisions.

Comparison of the RETs with the sub-criteria of the technical-technological R&D criterion

Comparison of the RETs according to the sub-criterion of ease of application

When the RETs were compared to the sub-criterion of ease of application, the solar
heating, solar water heating, photovoltaic, and wind applications emerged as the easiest
technologies, while hydrogen, biomass, and geothermal applications emerged as the most-
difficult technologies, respectively.

Comparison of the RETs according to the knowledge and experience sub-criterion

The knowledge-experience sub-criterion was the most-important for hydrogen, biomass,
and geothermal energy, respectively. Decision makers were generally knowledgeable about
the other technologies.

Comparison of the RETs according to the fault detection sub-criterion

Although fault detection is difficult for biomass and hydrogen energy, it is considered
easy for other technologies.

Comparison of the RETs according to the system life and warranty sub-criterion

The system life and warranty sub-criterion was not found to be effective for decision
making. Alternative technologies were found to be of equal importance.

Comparison of the RETs according to the production volume duration and product variety
sub-criterion

Photovoltaic, wind, and geothermal were the most-advantageous technologies, and
these were followed by solar heating, solar water heating, biomass, and hydrogen.

4. Results and Discussion

In terms of the use of RETs in the buildings in Turkey, the economy was acknowledged
as the most-important primary criterion as it received the highest weight of 0.5158204 in the
selection and prioritization of renewable energy technologies in buildings in Turkey. The
technical-technological R&D primary criterion was found to be the second-most-significant
criterion by receiving a weight of 0.211403 points. Although other primary criteria were
of mathematically negligible value, their weight ranking was still recorded and went as
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follows: environmental impact (0.0914573), socio-cultural (0.0741551), institutional—political
(0.0616375), aesthetic (0.027235), and time (0.0182916). The emphasis on the importance of the
economy as a primary criterion has also been highlighted in the literature [9,10,14,27-35,44-47].
Although environmental criteria remained in the background of this study, environmental
impact-related criteria were found to increasingly be gaining importance due to climate
change and the increasing awareness of environmental protection in many countries [44]. The
aesthetic criterion was found to be one of the least-effective criteria; however, according to the
transfer of architects participating in the expert group meetings, it is an important criterion for
architects. The aesthetic criterion is not considered important by engineers, consultants, and
investors. This has been perceived as an issue where architects and other actors fail to find
common ground. The institutional-political criteria, such as the importance of government
incentives (which is one of the most-critical results of many studies), were left behind in the
importance ranking that was determined as a result of this study. During the interviews
conducted with the expert group, the experts stated that the reason for this was that there are
no current initiatives, such as grants, etc., in Turkey that would provide motivation to make
decisions on government policies and support. In the future, this impact will increase when
there are policies and state support to motivate decision makers. It is very important to create
policies and incentives that will influence decision making by the state. For example, there
may be win-win approaches such as the Dutch government’s practices [48].

The most-important sub-criteria are, in order, as follows: initial investment cost, ease
of implementation, production volume period, product variety, incentives and credits,
investment payback period, system life and warranty, fault detection and intervention
fault probability maintenance ease, knowledge—experience, maintenance repair cost during
use, and ongoing cost impact during use. These criteria are associated with the economic
and technical-technological-Ré&D criteria. Among the prominent primary criteria in this
study, the economy and ease of implementation were among the sub-criteria, and the
observability of the technologies highlighted in the interview were found to be compatible
with the economic benefits it offers economically, as was stated in the innovation adoption
model put forth by Rogers [49].

According to the model, the preferred order of alternative renewable energy technolo-
gies went as follows: photovoltaic, solar water heating, solar heating, wind, geothermal,
biomass, and hydrogen. Photovoltaic technology ranked first, thus indicating it as the best
technology. Renewable energy efficiency analysis for buildings in Kuwait confirms that
solar energy systems are the most widespread and suitable technologies for utilization [50].
It is expected that PV systems, which are widely used in reducing power source pollution,
will account for more than half of the total electricity production from renewable energy by
2050 [51]. According to the Statista 2023 data, the share of grid-connected PV production
has been continuously increasing for China, Australia, Germany, Japan, and the USA [52].
Although wind energy requires vast open spaces and distances from urban areas, the
proliferation of tall buildings spaced at regular intervals in densely populated urban envi-
ronments has created new opportunities [17,53]. Geothermal energy, which can provide
energy savings of 30-70% through heat pump technology in buildings, is also considered
an efficient alternative technology according to studies in the literature [13,15,18,49,53-55].
Due to its geological and geographical location on an active tectonic belt, Turkey is among
the rich countries in terms of geothermal resources globally. Although biomass usage lags
behind in Turkey, it constitutes approximately 10% of the global primary energy demand, is
significant for rural areas, offers an economically viable solution, and can provide substan-
tial income for farmers according to the literature [15,19-21,56]. While the use of hydrogen
energy in buildings is not yet widespread, it is being investigated as a potential tool for
decarbonizing heating and cooling in buildings. The common approach includes fuel cells
that are capable of generating both electricity and heat for buildings [16]. Hydrogen energy
is still in its early stages along with the projects that are ongoing to explore its potential [57].
Embracing hydrogen energy in buildings faces challenges such as high production costs,
limited infrastructure, and safety concerns regarding hydrogen transportation, thus lim-
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iting its widespread integration in buildings [58]. Studies have been conducted in recent
years on the development and evaluation of new solar-geothermal-based integrated energy
systems with sonic hydrogen production for buildings, thereby suggesting that hydrogen
energy can be used in hybrid systems [59].

4.1. Findings Related to the Main Criterion of Economy

Turkey is a developing country with limited financial resources, and renewable energy
technologies are capital-intensive. Therefore, the initial investment cost was ranked as
the most-crucial sub-criterion. Despite the presence of projects with a considerably short
investment return period, limited financing has prevented the investment return period
criterion from surpassing the initial investment cost criterion.

4.1.1. Initial Investment Cost

Within the scope of this study, the economy emerged as the most-important criterion.
According to the results of this study, solar heating, solar water heating, and photovoltaic
were the most-preferred technologies in terms of initial investment cost. This result re-
veals that wind, biomass, and hydrogen production should be increased, and producer
companies should be supported. Recent studies indicate that obstacles such as high initial
investment costs and long investment return periods, especially for solar energy, have
been overcome [60,61]. According to expert group discussions, the increase in companies
producing RETs in recent years and local production have been effective in reducing costs.
In Turkey, many domestic RET facilities have also been produced, which facilitates access
to technologies and creates a positive impact for their widespread adoption. Within the
context of overcoming the problems such as high initial investment cost and long duration
of investment return, the increase in the number of companies engaged in production
related to RETs facilitates access to technologies and creates a positive effect for making it
common [12,62,63].

4.1.2. Duration of Investment Return

The return-on-investment duration is crucial for the widespread use of RETs. The
return period of the investment varies according to the technologies and building type,
as well as according to the organizations implementing the same technology and the
amount of energy consumed or increasing energy costs. According to SHURA [60] data,
the payback periods for investments in photovoltaic panels are calculated as 9.77 years
for single-family homes; 8.50 years for multi-family homes; 3.84 years for education,
hotel, health, and shopping mall building types; and 2.91 years for commercial, public,
and industrial buildings. According to the expert group discussions, the increase in the
local production of solar energy technologies in Turkey has recently created opportunities
where investments can be recovered within 1-2 years, thereby significantly contributing to
their widespread adoption. The increase in the electricity costs used in the industry has
considerably reduced the duration of investment return in RETs, especially in industrial
buildings. For example, the period determined in the feasibility phase of the investment
may be shortened due to increasing energy costs. Additionally, the location of the project
is also important regarding the investment payback period. For instance, for solar energy
technologies, the payback period shortens in regions with high solar potential.

4.1.3. Impact on Ongoing Costs during the Utilization Phase

According to the expert group discussions, when the monthly electricity consumption
and consequently the cost during the operational phase of buildings are high, RETs may
be preferred more. For example, monthly bills in residential buildings are not motivating
enough for users due to relatively low costs. However, in industrial buildings where
monthly bills are considerably high, it triggers the search for new solutions and directs
attention toward the use of RETs.
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While it is important to use RETs in large buildings with high energy consumption,
residential buildings contribute the most to energy consumption [60]. In Turkey, the energy
consumption in residential buildings is 190-477 TWh/year, while the energy consumption
of commercial, public, and industrial buildings is 13-78 TWh/year [60]. Although it is
important to use RETs in large buildings with high energy consumption (industry, stadiums,
etc.), different incentives for residential buildings with high energy consumption, legal
regulations in zoning plans, etc., should be encouraged in the use of RETs.

Different types of buildings have different energy costs during the operational phase.
For example, in buildings like hotels and dormitories where water heating costs are high,
solar water heating is preferred, while in buildings where heating costs are prominent, such
as greenhouses, geothermal heat pumps are preferred as renewable energy technologies.

4.1.4. Incentives and Credits

Incentives and credits play a crucial role in the utilization of RETs. During expert group
discussions, it was emphasized that the beneficiaries of incentives and credits, and the
entities that realize the economic benefits, may not always align. The divergence between
users and producers, and the issue of different parties benefiting from economic gains,
remains a significant economic challenge that needs to be addressed. Approaches pro-
posed to overcome these challenges should aim for mutual benefits among all stakeholders.
Models should be developed to ensure simultaneous benefits for both users and produc-
ers. Particularly in mass housing projects where RET implementation is carried out by
contractors without a designated end user, resolving this issue is essential for widespread
adoption. Another example pertains to homeowners and tenants in the housing market. A
homeowner may be reluctant to install a system to reduce electricity usage as any resulting
savings would be realized by the tenant. Conversely, a tenant may be hesitant to invest
in installation without enjoying the cost savings firsthand. Careful consideration of these
factors is necessary regarding incentives and credits.

4.2. Findings Related to the Main Criterion of Technical-Technological R&D

The main criterion of technical-technological R&D displays the results of its sub-
criteria. Technical-technological R&D criteria are crucial factors in selecting efficient renew-
able energy technologies for buildings.

4.2.1. Ease of Implementation

When we look at the technical and technological barriers related to these technologies,
the most-important criterion is the ease of application. For example, in cities where gales
are effective, the panels should be well fixed in order to not fly away. Many different
mounting methods have been developed to solve this problem. The ease of application is
very effective in the decision to use these technologies. For this reason, it is very important
to carry out R&D in terms of the ease of application for each technology. In terms of ease of
application, studies on hydrogen and biomass technologies should be carried out.

4.2.2. Knowledge-Experience

According to the studies in the literature [9,10,14,27-30], knowledge and experience,
which are seen as effective criteria, are being overcome as technology advances and access
to information becomes easier. The knowledge—experience factor, which is considered an
important criterion in many studies in the literature on solar energy and wind energy, has
lost its importance today. These technologies have been produced locally and introduced
to employers, architects, and users by many consultancy firms. However, the knowledge—
experience factor is still an important criterion for hydrogen, biomass, and geothermal energy.
Decision makers are not as knowledgeable about these technologies as other technologies.
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4.2.3. Fault Detection and Intervention/Probability and Frequency of Failure/Ease
of Maintenance

During the expert group discussions, experts have stated that there is fault detection
and maintenance for solar, wind, and geothermal energies. The possibility of failure is rare.
This is especially the case for solar energy, where each panel is connected to the system and
gives an instant warning when there is a problem with one of them. Carrying out fault
detection is difficult in hydrogen and biomass.

4.2.4. System Life and Warranty

When considering the selection of RETs, the system life and warranty do not have a
significant impact because these conditions are similar for all technologies. Each technology
typically has an average lifespan of 25-30 years, with expert opinions suggesting that they
can continue to be used with minimal efficiency loss afterward. For example, according to the
information provided by companies involved in the implementation within the scope of this
study, solar energy systems that were installed 25 years ago still achieve close to 80% efficiency.

4.2.5. Production Volume Time/Product Variety

The most-advantageous technologies in terms of production volume/product diversity
are photovoltaic, wind, and geothermal technologies. According to the expert group
discussions, the diversity of photovoltaic panel products (such as transparent panels
serving as windows, panels produced as roof tiles, panels manufactured as parapets, etc.)
plays a significant role in the widespread adoption of their usage.

5. Conclusions

The common problem of energy crisis, environmental pollution, and climate change
we are facing today underscores the importance of using environmentally friendly and
sustainable technologies in buildings to leave a livable world for future generations. In
this study, which addresses this issue, literature reviews on the use of renewable energy
technologies in buildings, expert group discussions, and the situation in Turkey, as well as
the barriers, opportunities, effective actors in RETs, criteria and alternative technologies,
and processes were all examined. A decision-making model for RETs in buildings in Turkey
was developed based on the AHP method.

The importance of this study is in presenting a comprehensive situational analysis and
in developing a decision-making model for the widespread adoption of RETs in buildings in
Turkey. Comprehensive results were obtained regarding identifying barriers/opportunities,
thereby establishing the criteria that lead to their use and creating an importance hierarchy.
The most-effective criteria for increasing adoption rates, which have not yet been fully
researched, was identified. The delineation of criteria and the roles of actors in the use of
RETs in buildings, the evaluation of renewable energy technologies in the pre-construction
phase of the building production process, and the determination of criteria related to the
use of technologies in a study conducted within the scope of examining the criteria, actors,
and technologies of RET use in buildings in Turkey are important.

The building production process consists of pre-construction, construction, and post-
construction stages. Decisions regarding the inclusion of renewable energy technologies
in the process, such as technology and product selection, system integration and aesthetic
integrity, and decisions related to innovative approaches and R&D proposals, are all
decisions taken in the pre-construction stage. Planning applications related to renewable
energy technologies in the pre-construction stage, which approach applied systems as a
design element within the project, as well as ensuring system and aesthetic balance through
interdisciplinary work, are necessary. It is imperative to determine the criteria related to
renewable energy technologies in buildings in the pre-construction stage. Hence, this study
was confined to the decision-making process in the pre-construction stage. Conducting
studies at the local level is one of the best approaches to examine the use of RETs in
buildings.
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The literature review and expert group discussions conducted within the scope of
this study revealed that, although efforts to increase the use of RETs have been made
by the Ministry of Energy and Natural Resources and The Republic of Turkiye Ministry
of Environment and Climate Change, the usage level in buildings has not yet become
widespread; however, many studies have been conducted on this issue. Since Turkey
is a highly resourceful country in terms of potential, there are many options available
for the use of technologies in buildings. The identified barriers to the use of all these
alternative technologies describe the usage criteria. At the same time, these criteria vary
according to the actors. Within the scope of this study, the results regarding technologies,
criteria, and decision makers were obtained from RET experts using the AHP method.
The results of the main criteria, sub-criteria, technology alternatives, and discussions have
been presented. A comparison of the results with the literature review was made, and
recommendations have been made for the widespread adoption of RET use in Turkey and
the development of decision-making methods. This study will facilitate the selection of
appropriate technologies through criteria and sub-criteria regarding the use of RETs in
buildings, and it will also enable stakeholders involved in the building design process to
determine the appropriate technology for the building with a common decision. With this
model study, the criteria affecting the use of RETs and their degrees of importance have
been determined. It is important to be able to determine which technologies should be
selected through criteria and sub-criteria for the correct technology to be selected within
the scope of project objectives and principles, as well as for efficiency. The implementation
of the model used in the Excel program is quite simple and suitable for use by all actors
in the decision-making process. The biggest problem in the building production process
related to the subject is the complexity of the process of including RETs in the project (i.e.,
having many decision makers, the behavioral barriers related to each of them, each having
different awareness levels, the resulting decision possibly being a joint decision, or that it
could arise from the dominance of one actor, etc.). For example, in the teams consulted
within the expert group, in buildings where RET applications were made, the reasons
for architects’ preferences were environmental concerns, the customers’ preferences were
economic benefits, and the users’ preferences were the impact on ongoing costs. Therefore,
the results and discussions are detailed under actor, criteria, and technology headings.

5.1. Actors

The final product in the building production process was constructed based on the
joint decisions of all stakeholders. It is important for stakeholders with different priorities
to make joint decisions. The proposed model is important for defining the problem in the
project process, determining the common criteria by the actors, establishing their priorities,
and forming the result with the common opinion of each actor. It can be used to determine
which technologies can be used in the project, or which decisions will be made based on
the criteria. As indicated by the consultants and engineers in expert group discussions,
most projects using RETs in Turkey do not have recommendations from architects. Studies
need to be conducted in architecture education programs, both at the undergraduate and
professional levels. It has been concluded that aesthetics is an important criterion for
architects, and efforts should be made in this regard. One of the most-important results
obtained from the expert group discussions in this study was that stakeholders in the
building production process are willing to use technologies they perceive to have positive
outcomes in their environment. In addition to being economically viable, the widespread
use of RETs in buildings has been observed to be effective, particularly through leadership
in public structures.

5.2. Criteria

In this study, the criteria were determined to evaluate their weights nationwide, with
the economy being considered the most-important criterion. It was seen that it received
the highest weight in the selection and prioritization of renewable energy technologies
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in buildings in Turkey. However, as mentioned in the expert group discussions, different
motivations may exist for the technology selection in different project examples depending
on their specific conditions. Besides the economy criterion, the expert group discussions and
literature review indicated that social responsibility is also crucial in Turkey, particularly
in public buildings. The increasing importance of environmental protection awareness,
along with the developing environmental laws and regulations related to environmental
protection, forms the basis of social responsibility. In addition, the economic, social, and
environmental principles of sustainability, along with the multifaceted sustainability goal,
have created pressure both at the global and national levels, which were investigated both
in terms of governments and sectors. There is a need for more efficient decision-making
processes incorporating environmental and social sustainability goals and criteria beyond
the traditional economic criteria.

5.3. Technologies

In the expert group discussions and literature review conducted, to analyze the poten-
tial of renewable energy technologies used in Turkey in the project area, it was necessary
to utilize data from the Ministry of Energy and Natural Resources (ETKB). In the ETKB
data system that was examined while analyzing the appropriate technology alternatives by
region, it was seen that the Biomass Energy Potential Atlas (BEPA) facilitated the research
process in biomass potential studies. The existing systems for technology analysis are
BEPA, GEPA, and REPA. However, ETKB data for geothermal and hydroelectric energy
should also be developed like other energy data systems. Improving the potential data
of technologies nationwide and providing access to data through official institutions are
among the necessary actions to promote the widespread use of these technologies. It is
essential for these systems to be advanced to quickly select alternative technology options
according to the region. Recent research and focus group interviews have emphasized
the importance of using RETs in a hybrid way [64,65]. For example, systems such as solar
energy for water heating, geothermal energy for heating, and biogas for cookers should be
used. With the model developed within the scope of this study, it will be possible to decide
which alternative renewable energy technology can be used in the region based on the
stakeholders (decision makers) and criteria determined within the project. In future studies,
software can be developed based on ETKB data that show the potential of technologies
by province and district, thereby enabling faster applications of the model in alternative
technology selection according to the project area.

If the use of renewable energy technologies is not mandatory at the national and global
levels by policies or regulations, then the usefulness in terms of their application depends
on the decisions of actors involved in building production. In Turkey, the transition to
the concept of “Nearly Zero Energy Buildings”, which have higher energy efficiency than
regular buildings and derive a certain portion of their energy from renewable energy
sources, is gradually becoming mandatory to achieve the goal of “2053 net zero-emission
buildings”, as outlined in the Regulation on Amendment of the Regulation on Energy
Performance in Buildings prepared by the Ministry of Environment, Urbanization, and
Climate Change [24]. It is crucial for the implementation of this regulation to cover all
buildings and to be developed and closely monitored according to geographical regions,
the potential of the area, and the type of building, all the while providing incentives and
credits for the development of regions. Aligned with EU Directives such as Directive
2010/31/EU and Directive 2012/27/EU, which focus on energy performance and efficiency,
respectively, the significant role of EU funding in co-financing energy renovation projects
should be emphasized. These funds not only support the enhancement of energy efficiency,
but also facilitate the integration of renewable energy sources into building infrastructure,
thereby contributing to sustainable development objectives. For instance, initiatives like
the “Competitiveness and Cohesion” operational program prioritize the promotion of
energy efficiency and renewable energy sources within the construction sector. Similar
to the example of China (who have encouraged biomass promotion in rural areas and
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have promoted the development of heat pump technology in hospitals and schools, etc.),
technology analyses should be conducted and encouraged based on geographical regions,
and this should also be performed on the development status and potential of regions in
Turkey. Funds should be allocated based on national priorities and potentials, such as the
example of the US Department of Energy announcing a goal to reduce solar energy prices
by 60% within 10 years and thus allocating funds toward this goal. The importance of
government policy, support, and regulatory mechanisms in the widespread adoption of
renewable energy technologies cannot be denied.
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Appendix A. The Process of Energy Efficiency Policies in Buildings in Turkey

Year Number Regulation

1999 23725 Thermal Insulation Regulation Studies

2008 27019 Thermal Insulation Regulation

2007 26510 Energy Efficiency Law

2008 27075 Building Energy Performance Regulation

2010 27539 Building Energy Performance Regulation-Amendment
2010 27627 Building Energy Performance Regulation-Amendment
2011 27851 Building Energy Performance Regulation—-Amendment
2011 27911 Building Energy Performance Regulation—-Amendment

Green Certificate Regulation for Buildings and

2017 30051 Settlements—Amendment

2018 30289 National Energy Efficiency Action Plan 2017-2023

2022 31755 Building Energy Performance Regulation—Amendment
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Appendix B. The Criteria That Was Effective in the Use of Renewable
Energy Technologies

Lack of architectural integration literature;
Lack of useful guides for architects;
Lack of suitable products in terms of building aesthetics;
Perception of products as high-tech and the lack of other options;
Lack of support tools for the integration of systems in the design phase and lack of
technical knowledge;
Barriers Use of existing technologies /techniques produced by different sectors and the failure to
Technical/ adapt them for use in buildings;
technological R&D Resource availability: technology (design, installation, and performance), the skill
requirement for design and development, production, installation, operation, and
maintenance;
Complexity and obtaining variable outputs from technologies;
Lack of experienced workforce and training in the field of RETs.

Increasing environmental concerns among architects and a growing desire for
knowledge about RETs;

Interdisciplinary collaboration opportunities in RETs;

The presence of consulting firms capable of providing technical information.

Opportunities

Personal lack of interest, knowledge, and experience;

Employer’s lack of interest, knowledge, and experience;

Architect’s lack of interest, knowledge, and experience;

Consultant’s lack of interest, knowledge, and experience;

Stakeholders’ lack of interest, knowledge, and experience;

Lack of information about incentives;

Delayed acceptance of technology;

Lack of acceptance by users (social acceptance);

Failure to involve users and relevant organizations in the planning process to achieve
social acceptance;

Lack of training for workers (use of special sunglasses during operation and
construction, use of heat insulation uniforms, and familiarity with the system);
Social structure, norms and value systems, awareness and perception of risk, and
behavioral or lifestyle issues;

Stakeholders’ perceptions of values;

Customer motivation;

Perceived lack of evidence for energy-efficient technologies;

Lack of dissemination of new knowledge and weak adaptations of the construction
sector to new approaches;

Divided incentives—homeowners and tenants;

Fear factor: avoiding dealing with it rather than learning and being resistant to
innovations.

Barriers

Socio-Cultural Behavioral

Image benefits;
Opportunities Corporate social responsibility;
Involvement of users in the process and its dissemination with social acceptance.

Economically unfeasible;
Inadequate economic resources;

Barriers Market structure, energy pricing, incentives, purchasing power, spending priorities,
financial issues, awareness and risk perception, high initial investment costs, and long
payback periods.

Economic

Long-term economic benefits;

Opportunities . R
PP Government incentives.

Unsuitable climatic conditions/geographical factors;

Negative environmental impacts of technologies;

Lack of appropriate operational practices (including rational water usage, security
measures, waste disposal practices, use of biodegradable chemicals, etc.);

Insufficient time given for the reestablishment of local flora and fauna and
environmental restoration;

Lack of comprehensive environmental impact assessment studies for technologies;
Negative effects on resources (soil and water) such as soil and water pollution, water
consumption, etc.;

Unsuitable site conditions (e.g., being in the migratory path of birds for wind energy).

Barriers

Environmental

Efforts to reduce negative environmental impacts;
Opportunities Presence of renewable resources;
Less environmental harm compared to traditional systems.
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Lack of government incentives;
Absence of policies and regulations;
Infrastructure deficiency;

Barriers I istent polici 4 planni trictions:
Institutional- nCer}Sls en fp}(i icies an .pdannlng restrictions;
Political Res.l .1ence o t e energy industry;
Political barriers.
- Image benefits;
Opportunities & . s
Corporate social responsibility.
Barriers Insufficient time (i.e., the desire to shorten the design process and the research extending
Time the design process).
Opportunities
Aesthetic concerns related to positioning (roof, facade, etc.);
. Concerns regarding visual impact;
Barriers e . . 1
) Challenges in integrating with the building;
Aesthetics Perception of weak aesthetics of renewable energy technologies.
o Custom production capabilities for technologies used in buildings to ensure
Opportunities S . 1
compatibility with the building.
Appendix C. The Criteria/Opportunities Influencing the Decision to Implement RETs
in Buildings
Profession Criteria RET Implementation
Ease of implementation
Geographical advantage/energy potential in the region
Architect/Al Production volume/time and product variety Solar, wind, and geothermal
Positioning (roof-facade)
Integration with design/standard/special production
Knowledge and experience
Frequency of fault detection intervention/fault probability
. Ease of maintenance .
Architect/A2 Production volume/time and product variety Solar and biomass
Visual impact/aesthetics
Building integration
Initial investment cost
. Return-on-investment period . .
Engineer/E1 Climate conditions/ geographical advantage Solar, wind, geothermal, biomass, and hydrogen
System recyclability
Changes in energy demand/increasing energy demand
Engineer/E2 Management of energy demand Solar, wind, geothermal, biomass, and hydrogen
Environmentally friendly energy production/nature-friendly technologies
Stakeholder interest/knowledge/experience
Consultant/C1 Social Values/stélfeholder value perceptions Solar, wind, geothermal, biomass, and hydrogen
System recyclability
Combatting climate change/ecological values
Avoiding current account deficits by being domestic
Local regulations . .
Consultant/C2 Global agreements Solar, wind, geothermal, biomass, and hydrogen
Acceptance of innovations
State policies/supports and incentives
Acceptance of innovations
Social responsibility
Investor/I1 Initial investment cost Solar
Return-on-investment period
Climate conditions/geographical advantage
Energy pricing
Bank loans
Image benefits
Investor/12 Geographical advantage/energy potential in the region Solar
Frequency of fault detection intervention/fault probability
Ease of maintenance
Incentives and credits
System lifespan and warranty
Production volume/time and product variety
User/U1 Impact on ongoing costs during usage Solar
Maintenance and repair costs during usage
User/U2 Initial investment cost Solar

Return-on-investment period
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Appendix D. The Criteria/Barriers That Are Effective in the Utilization of RETs

in buildings

Profession Criteria RET Implementation

Architect/Al Incompatibility with design Solar, wind, and geothermal

Architect/A2 Z;s;:tlr;rgg gﬁtr/n?;gl\:tic concerns Solar and biomass

Engineer/E1 Grid connection Solar, wind, geothermal, biomass, and hydrogen

Engineer/E2 Physical space required for equipment Solar, wind, geothermal, biomass, and hydrogen
Length of application processes

Consultant/C1 ~ Lack of employer motivation regarding Solar, wind, geothermal, biomass, and hydrogen
documentation process

Consultant/C2  Geographical barriers (freezing, severe winds, etc.) ~ Solar, wind, geothermal, biomass, and hydrogen

Investor/I1 Lack of credit/grant Solar

Investor,/12 E;l;;{fl iﬁic;ﬁgition and examples of Solar

User/Ul ?ri;l;e(;rfl ir;ft(;ggla\tion and examples of Solar

User/U2 Lack of credit/grant Solar
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