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The purpose of this study is to identify priority criteria in green (net zero energy) building transformation. For
this purpose, an analysis has been conducted for hospitals by considering new methodology. In this scope, firstly,
10 different indicators are selected with the help of literature examination. After that, by using this new
methodology, the weights of these items are computed. The main contribution of this study is that a priority
evaluation is conducted so that more critical indicators of green building transformations can be identified.

Because of this issue, for financial sustainability, companies should firstly focus on more significant factors.
Another important novelty of this study is that a new decision-making technique is generated. With the help of
this issue, both problems in methodology can be solved and methodological originality can be achieved. The
findings show that renewable energy usage is the most critical factor.

Introduction

Green buildings are structures designed, built, and operated in line
with the principles of sustainability. These buildings aim to be sustain-
able both environmentally, economically, and socially. It can be applied
for many different building types such as green buildings, residences,
schools, and hospitals (Ghalandari et al., 2023). The main purpose of
these buildings is to protect natural resources and reduce environmental
pollution. On the other hand, issues such as the protection of human
health and energy saving can be taken into consideration in this regard.
It is possible to talk about the importance of green buildings in many
ways. First of all, green buildings can help prevent the depletion of
natural resources by saving energy and water. On the other hand, green
buildings contribute to the reduction of greenhouse gas emissions and
environmental pollution (Rajarajeswari and Anbalagan, 2023).
Furthermore, green buildings reduce energy consumption due to energy
efficiency. Since this situation reduces operating costs, it contributes
significantly to increasing profitability.

* Corresponding author.

For buildings to be green buildings, certain actions must be imple-
mented to increase environmental sustainability. In this context, some
practices can be developed for the reduction, recycling, and reuse of
waste. This situation is very important for achieving green building
goals, as it can reduce environmental pollution (Huang et al., 2023). In
addition, water conservation in green buildings should be achieved
effectively. This will help to use natural resources effectively. Ensuring
energy efficiency is another issue that can be taken into consideration in
this process (Aibar-Guzman et al., 2023). In this context, high efficiency
equipment should be used for energy consuming systems such as heat-
ing, cooling, and lighting. Less energy consumption will help to mini-
mize the damage to the environment. Thus, it will be much easier for
buildings to reach green status.

Actions should be taken to reduce carbon emissions in green build-
ings. In this process, two different applications can be considered. Pri-
marily, the use of clean energy sources helps to achieve this goal. Since
fossil fuels are not used in these types of energy, carbon gas is not
released in electricity production (Griffin et al., 2023). Secondly, thanks

E-mail addresses: seti@medipol.edu.tr (S. Eti), hdincer@medipol.edu.tr (H. Dinger), serhatyuksel@medipol.edu.tr (S. Yiiksel), yuslu@medipol.edu.tr (Y.D. Uslu),
ygokalp@medipol.edu.tr (Y. Gokalp), hakan.kalkavan@medeniyet.edu.tr (H. Kalkavan), alexeyfa@ya.ru (A. Mikhaylov), pinter.gabor@pen.uni-pannon.hu

(G. Pinter).

https://doi.org/10.1016/j.resglo.2023.100164

Received 2 September 2023; Received in revised form 9 October 2023; Accepted 12 October 2023

Available online 13 October 2023

2590-051X/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).



S. Eti et al.

to carbon capture technology, it is possible to use fossil fuels without
harming the environment. Thanks to this technology, carbon gas is
destroyed without being released into the air. In addition, business
processes in businesses need to be compatible with the environment
(Chen et al., 2023). In this context, it is important to consider environ-
mental issues in all activities such as purchasing and human resources.

There are many different aspects that need to be taken into consid-
eration to achieve the green status of buildings. On the other hand, it is
obvious that these improvements also increase the costs of the enter-
prises (Gan et al., 2023). In other words, the actions to be taken to have
environmentally friendly buildings increase the costs of the enterprises.
In this context, it is not financially possible for businesses to make many
improvements to have new buildings. Therefore, businesses need to
focus on issues that are more important. In this way, while the green
building targets are achieved, the costs will not increase extraordinarily.
In this context, there is a need for new studies in which priority analysis
for these factors will be made.

In this study, it is aimed to make examination about the critical in-
dicators that affect green building transformations. For this purpose, 10
different determinants are selected with the help of literature evalua-
tion. After that, a new fuzzy decision-making model is generated to
achieve this objective. In this proposed model, T-Spherical fuzzy sets are
integrated into a new decision-making model named TOPSIS-based
DEMATEL (TOP-DEMATEL). This methodology is taken into consider-
ation to find the weights of these items for healthcare industry.

The main contributions of this study are underlined below.

(i) A priority evaluation is conducted so that more critical indicators
of green building transformations can be identified. There are various
influencing factors of these transformations. However, all improvements
lead to cost increase. Because of this issue, for financial sustainability,
companies should firstly focus on more significant factors. Hence, the
analysis results of this study have a positive contribution to the effec-
tiveness of the companies while taking necessary actions.

(ii) A criteria set is created for the companies to reach green building
purposes. In this framework, many different quality studies in literature
are reviewed and these factors are selected. The criteria set can be taken
into consideration for the following studies regarding the evaluation of
different industries, such as banking and healthcare.

(iii) The main methodological novelty of this study is the generation
of a new decision-making technique by the name of TOP-DEMATEL.
Classical DEMATEL technique has significant advantages, such as
finding causal relationships between the factors. However, there are also
lots of criticisms for this methodology. In this context, DEMATEL
approach gives the same weights incorrectly in case of symmetrical
evaluations. For the solutions of this problem, two steps of TOPSIS
technique are integrated in the process of DEMATEL so that TOP-
DEMATEL methodology is proposed. With the help of this issue, both
problems in DEMATEL can be solved and methodological originality can
be achieved.

(iv) Using Spherical fuzzy sets also increases the quality of the pro-
posed model. A wider space is taken into consideration in these sets. This
situation provides to work with a more detailed dataset. Due to this
condition, uncertainty problems in this process can be managed in a
more effective manner. As a result, the accuracy of the proposed model
can be improved.

(v) By using T-Spherical fuzzy sets, the analysis results are computed
for different t values. In other words, the findings are computed for
various conditions. This condition mainly helps to measure the validity
and consistency of the results of the proposed model.

The second section consists of literature review. The third section
gives details for the methodology. The fourth section shows the analysis
results. Discussions, policy implications and conclusions take place in
the final sections.
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Literature review

Green buildings, also known as sustainable buildings, mean that a
building is compatible with the environment throughout its life cycle
and that natural resources are used efficiently. Hospitals, on the other
hand, are buildings that must provide 24/7 service. Since it is a building
that produces continuous service, it is also important that the hospital
provides green status (Shaabani et al., 2020). However, there are many
criteria for the evaluation of hospitals with green building status. One of
these criteria is the effective execution of waste management. Yoon et al.
(2022) and Abanyie et al. (2021) stated that many wastes are generated
in the health service delivery process and in cases where waste is not
managed effectively, it can cause health problems for both employees
and the environment. Bamakan, Malekinejad, and Ziaeian (2022) con-
ducted a study on a blockchain-based waste management system. Ac-
cording to the results of the study, it is identified that waste management
processes in hospitals within the scope of green buildings should be
carried out effectively. Another important criterion is minimizing car-
bon emissions. Lu et al. (2019) and Rizan et al. (2021) concluded that
hospitals have an important share in carbon production as they are in-
stitutions that provide 24/7 service. Therefore, minimizing carbon
emissions is important for hospitals to be considered as green buildings.
According to Khahro et al. (2021) carried out a study on reducing costs
and carbon emissions in hospitals with building information modeling.
In the study, it is determined that carbon emission is an important
problem for the whole world. For this reason, high carbon emissions will
inevitably bring problems such, as climate change and global warming.

The Carbon Capture Technologies are divided into the following two
groups:

1) Physical methods are: Physical absorption is based on different
solubility of carbon emissions in polar solvents. During physical ab-
sorption, the absorption process is not accompanied by a chemical re-
action; adsorption is based on the absorption of carbon dioxide by
various solid absorbers (carbonates, zeolites, solid amines); membrane
extraction is based on the different ability of gases to pass through a
semipermeable partition; electrochemical extraction is based on the
reduction reaction of CO2 in CO.

2) Chemical methods are chemical absorption is based on the
chemical interaction of carbon emissions with alkaline compounds;
catalytic hydrogenation is based on the methanation reaction in the
presence of metals; enzymatic extraction is based on the use of organic
substances of a protein nature (Wilberforce et al., 2021; Wang et al.,
2022).

In 1990, in Darmstadt, Germany, the construction of the first net zero
energy house was completed, laying the beginning of the development
of a new technology for the construction of energy-efficient buildings.
The experience has been so successful that in order to carry out further
research development of a set of net zero energy building in 1996, Dr.
Feist founded the Institute passive house, which has become the main
platform for the development of passive house ideas and practical de-
velopments around the world. Net zero energy buildings are most in
demand in Germany and Austria, where the largest number of houses of
this concept. Space-planning and design solutions have a significant
impact on building energy consumption (Lund et al., 2011; Lund et al.,
2022; Lund et al., 2016). The choice of the optimal form of the building,
its orientation, location, assignment of areas of light openings, control of
filtration processes allow to reduce the negative heat and energy impact
of the outdoor climate on the heat balance of the building. When
designing individual energy-efficient buildings with the same building
volume should strive for buildings of a spherical (cubic) shape with
maximum use passive solar exposure during the heating period due to
the southern orientation of light openings, including number of glazed
loggias and balconies. The efficiency of using the outdoor climate
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increases with the creation of energy-active elements of the Net zero
energy building, namely passive and active solar receivers, thermosy-
phon enclosing structures, heat accumulators, heat pump absorbers
(Lund et al., 2017; Magyari et al., 2022; Jacobson et al., 2023).

Creating new values to meet the needs of today without compro-
mising the needs of future generations is called green innovation. While
ensuring the continuity of health services, it is necessary not to
compromise on the needs of future generations. Bygstad and @vrelid
(2020) examined the relationship between process innovation and the
harmony of the hospital’s architect. Accordingly, it is argued that
innovation processes in hospitals should be carried out effectively.
Moslehian et al. (2022) conducted a study on the factors affecting
innovation in hospital design. This study highlights the need for inter-
disciplinary training to address complex building design problems.
Apart from this, another important criterion for the evaluation of hos-
pitals in green building status is energy efficiency It is known that
hospitals have high energy consumption (Nourdine and Saad, 2020). At
the same time, the energy consumption levels of hospitals are quite high
due to the continuous provision of health services. In this context, it is
also important to keep the energy consumption levels of hospitals under
control and to prevent unnecessary use. Accordingly, Montiel-Santiago,
Hermoso-Orzaez, and Terrados-Cepeda (2020) examined the hospital’s
ability to benefit from lighting and daylight using building information
modeling. It is concluded that energy efficiency should be provided to
transform hospitals into more sustainable areas. Dulce-Chamorro and
Martinez-de-Pison (2021) and Psillaki et al. (2023) carried out a study
on the provision of health services by saving energy without sacrificing
quality. In these studies, in which many methods are proposed to save
energy, the importance of providing energy efficiency is also
emphasized.

Apart from these, occupational safety is a multidisciplinary field that
deals with the safety, health, and quality of life of people. The aim is to
promote a safe and healthy work environment. As in all sectors, it is
important to ensure the occupational safety of the personnel working in
hospitals. Ullah et al. (2021) conducted a study examining the effect of
occupational safety on sustainability in a public hospital in Pakistan. A
structural equation model was applied to the data obtained from 431
experts. Accordingly, occupational safety practices are one of the main
factors affecting sustainability. Adamopoulos et al. (2022) and Dewi and
Wardani (2022) made a study on occupational safety practices and their
effects on processes in hospitals. These studies using different methods
emphasize that occupational health processes are important to maintain
the service provided in hospitals. In addition, another important crite-
rion in hospitals is noise pollution. The absence of noise pollution is also
important in terms of the efficiency and quality of health services. For
this reason, hospitals with green building status need to minimize noise.
Mahdi et al. (2022), Tang, Ding, and Lin (2020), and Forsman and
Svensson, (2019) conducted studies examining the continuity of health
services and noise in the environment. These studies underlined the
importance of noise management not to make a vital mistake at the time-
of-service delivery.

According to studies in the literature, one of the necessary factors for
hospitals to be evaluated in green status is the use of renewable energy.
Renewable energy is a type of energy that constantly renews itself and is
not likely to be exhausted in nature. The dimensions of energy con-
sumption in hospitals are quite high. Accordingly, Alharthi, Hanif, and
Alamoudi (2022) examined the role of renewable energy and environ-
mental pollution on health and household income status in the Middle
East and North African (MENA) countries. It is stated that the use of
renewable energy is necessary for a better environment and health. Pata
(2021) examined the relationship between renewable energy and health
expenditures in the USA and Japan. It is concluded that renewable en-
ergy and health expenditures increase environmental quality. Accord-
ingly, it has been suggested that the Japanese and American
governments should promote green growth and diversify renewable
energy sources. Jahangir et al. (2021) aimed to provide energy
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efficiency in hospitals in Iran. The results of the study show that by
utilizing the grid-connected scenario, the amount of energy cost and net
current cost will be reduced by 44.2 % and 50.2 %. Apart from this, the
inclusion of criteria such as green human resources and green finance in
business processes is necessary for buildings to be evaluated for green
status. Shah (2019) and Zhang and Dong (2020) separately discussed
green purchasing and green human resources processes in their studies.
It is identified that they are necessary for environmental contribution.
Perkumiene et al. (2020) researched the effect of green logistics prac-
tices on the tourism sector and the clean environment process. It is
defined that green practices such as bicycle tourism and smart trans-
portation are important for sustainable tourism.

Moreover, water efficiency and transportation issues are of great
importance for the buildings to be evaluated for green status. The main
reason is that the use of motor vehicles brings air pollution and other
problems. Accordingly, it is estimated that there will be water problems
in the world with climate change and global warming. In this context,
Cheng et al. (2016) conducted a study on the evaluation of the water
efficiency of a building in Taiwan. According to the study, the average
water-saving rate from 2000 to 2013 for 1320 green building-certified
buildings was investigated. Accordingly, it has been determined that
for all green buildings, an average of 37.6 % savings is achieved ac-
cording to the basic water use rate. Strade, Kalnina, and Kulczycka
(2020) and Abd Rahman et al. (2021) carried out studies separately in
the hospital and pharmaceutical sectors. They underlined that energy
efficiency is an important issue for the green status of buildings. Towne
et al. (2021) made a study on access to health services in China, despite
the wide coverage of insurance. The study identified that easy access to
the hospital is important for benefiting from health services. Saidi et al.
(2022) and Safin et al. (2021) conducted a study examining the trans-
portation to the hospital and the access possibilities within the hospital.
They underlined that the quality of health services is related to both the
transportation within the hospital and the ease of access to the hospital.

As a result of the literature review, the following conclusions are
reached.

(i) The buildings need to operate in green status, both for humanity
and for future generations.

(i) It is also important for hospitals to be in green hospital status as
they provide 24/7 service.

(iii) There are many criteria for hospitals to be evaluated in green
status, such as water efficiency, renewable energy usage, and innovative
production.

(iv) However, hospital administrations may not have the manpower
and financial power to intervene in all these criteria at the same time.

(v) Hence, there is a need for a new evaluation that focuses on the
priority analysis for these indicators, but in the literature, there are
limited studies about this subject.

Therefore, in this study, it is aimed to develop effective strategies for
hospital managers by weighting the criteria so that hospitals can be
evaluated in green status. With these strategies, what needs to be done in
the transition roads of hospitals to green status will be prioritized. In this
way, it will be a guide for hospitals that want to get green building
status.

Methodology

In this study, it is aimed to determine priority criteria in green
building transformation. Within this context, an analysis has been con-
ducted for hospitals by considering T-Spherical fuzzy TOP-DEMATEL
methodology. Firstly, 10 different indicators are selected with the help
of literature evaluation. After that, by using this new methodology, the
weights of these items are computed. The ranking results are quite
similar for different t values. With respect to the conditions of “t = 1”
and “t = 2”, renewable energy usage is the most critical factor. However,
regarding the use of T-Spherical fuzzy TOP-DEMATEL (t = 3), the
minimizing carbon emissions becomes the most significant factor
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whereas renewable energy usage is the third most essential indicator. To
achieve green building transformations, it has been determined that
investments should be made primarily in renewable energy projects. In
the long term, technological investments should be focused on solving
the high-cost problem of these projects. On the other hand, it is very
important to provide financial support from the states to solve this
problem in the short term (Debrah et al., 2022; Mikhaylov, 2023; Met-
axas et al., 2023; Srbova et al., 2023).

DEMATEL method is used to prioritize the factors in the decision-
making process. In other words, it helps in calculating the importance
weights of the factors affecting an issue (Bhuiyan et al., 2022). On the
other hand, it is possible to determine the interactive relations in the
decision-making process with the DEMATEL technique (Sun et al.,
2022). In this way, it is used to analyze complex problems. Also, the
DEMATEL method analyzes the relationships between factors in a
decision-making process. In addition, it is possible to show these re-
lationships visually, thanks to DEMATEL. However, there are some
criticisms towards this method. Although the DEMATEL method tries to
determine the interactive relationships between the factors in the
decision-making process, it may not fully reflect all the interactive re-
lationships in some cases. Within this framework, when experts make
symmetrical evaluations about the factors, DEMATEL compute the
weights of these factors equal although the experts do not give such an
opinion. Therefore, to overcome this incorrect calculation, a new tech-
nique is generated by the name of TOP-DEMATEL (Ozdemirci et al.,
2023). In this new approach, some steps of TOPSIS are integrated into
the process of DEMATEL so that this incorrect weight calculation
problem can be solved (Eti et al., 2023a,b). In this proposed model, this
new methodology is considered with T-Spherical fuzzy sets. Equation (1)
gives information about these fuzzy sets where membership, non-
membership and hesitancy are demonstrated with s, d and u.

0<s+u+d <1 (@)

In this equation, different fuzzy sets can be generated by using some
conditions, such as Spherical fuzzy sets (t = 2), picture fuzzy set (t = 1),
q-ROFSs (u = 0), Pythagorean fuzzy set (t = 2 and u = 0) and Intui-
tionistic fuzzy set (t =1 and u = 0). In the first stage of T-Spherical fuzzy
TOP-DEMATEL, the evaluations of the experts are obtained and con-
verted into the fuzzy sets with the values in Table 1.

With the help of Equation (2), Zi matrix is constructed.

0 o (sim uin! d;n)
7l = : . : 2)

(5;17”;17d:11) 0

Equations (3) and (4) are used for the creation of the decision matrix.

1
n wi |7 n n
17” 11— u ||d"”

Asi ’ ; Asi’ i Asi

i=1 i=1 :

TSFWAM (KSI Asi, -~Zs,,> =

3
0 S CANT )
Z= : : @
(s:{] > uil’djl) 0
Equations (5)-(7) give information about the submatrices.
X=sZ (5)
1 1

s = min 6)

max3 5 fag| maxyZi J2|
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Table 1
Fuzzy Sets.
Scales  U={xy,...  S(A)=Supp(A) =A""={xeU| D*={ap,y € [0,11% a + f
Xn} m(x) > 0} +y=1}
4 0.15 0.85 0.45
3 0.2 0.6 0.35
2 0.25 0.35 0.25
1 0.3 0 0.15
0 0 0 0
0 - s 0 - up 0 - d,
X=1: ~ |X=|: = i|x=]: - Q)
Sy - 0 Uy - 0 dy - 0

Equation (8) is considered to generate total relation matrix.

0 (ﬂ]TnJI'lrn’I/'lrn)
T = : : 8
(/‘;1,‘1 Mt ”Zil) 0
Equation (9) is used for defuzzification.
Score =y —n' — V' 9

In the calculation of the weights, Equations (10)-(16) are taken into
consideration.

n 2

C = fi—maxy; ) j=1,2,.. 10
j ;( mjax )J n (10)
[ 2
C ;= (t,- - mjnt,-) j=12,.n an
=1 7
,n 12)
.n 13)
(14)
(15)
S
W, = L 16
S;+S; (1)

Analysis results

In this study, it is aimed to determine the most important factors for
buildings to have green status for healthcare industry. To achieve this
aim, an analysis is carried out with the newly developed model. In this

Table 2
The List of Indicators.

Indicators Supported Literature

(Ghalandari et al., 2023)

(Wu et al., 2023)

(Griffin et al., 2023)

(Rajarajeswari and Anbalagan, 2023)
(Azis, 2023)

(Huang et al., 2023)

(Chen et al., 2023)

(Akcay, 2023)

(Aibar-Guzman et al., 2023)

(Gan et al., 2023)

Effective waste management (WMGMT)
Minimizing carbon emissions (CRBEM)
Innovative production and design (IPDSG)
Energy efficiency (EREFF)

Occupational safety (OCSTY)

Sound insulation (SNSLT)

Renewable energy usage (RWSGE)

Green business processes (GBSRC)
Sustainable water management (SWTMG)
Transportation (TNPTO)
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context, firstly, the list of criteria is determined. Table 2 gives infor-
mation about the details of the selected criteria.

Effective waste management is extremely important in terms of
protecting natural resources, preventing environmental pollution, and
creating a healthy living environment. Green buildings are defined as
more environmentally friendly, energy efficient and sustainable struc-
tures. Minimizing carbon emissions is extremely important for green
buildings. Therefore, minimizing carbon emissions during the design
and operation of green buildings is important for a sustainable future.
The carbon footprint of green buildings is lowered by designing build-
ings designed to reduce environmental damage by reducing energy use
and minimizing carbon dioxide emissions.

Innovative production and design are of great importance for green
buildings. For green buildings to play an important role for a sustainable
future, they need to be more environmentally friendly and energy effi-
cient using innovative manufacturing and design techniques. Energy
efficiency is very important for green buildings because energy efficient
buildings consume less energy and are environmentally friendly. While
green buildings reduce their environmental impact with low energy
consumption, they reduce costs with energy bills saved. Energy efficient
green buildings reduce the amount of greenhouse gases released into the
atmosphere thanks to their low energy consumption, and thus they
cause less harm to the environment.

Occupational safety is an important issue for green buildings because
the health and safety of workers must be ensured during construction,
maintenance, and operation. Green buildings are environmentally
friendly in terms of construction materials and technologies, but the
safety of workers during the construction process needs to be ensured.

Sound insulation is an important issue for green buildings. Therefore,
sound insulation is an important factor for improving the indoor quality
and comfort of green buildings. Good sound insulation reduces the noise
level inside the building, allowing employees or residents to have a more
comfortable working or living environment. Sound insulation also helps
to save energy. Good sound insulation makes heating and cooling sys-
tems work more efficiently. Renewable energy sources can be used
endlessly in our world where natural resources are limited. Therefore,
green buildings need to focus on solutions based on renewable energy
sources to reduce their energy consumption and minimize their carbon
footprint. These resources, unlike fossil fuels, are unlimited and reduce
greenhouse gas emissions during energy production (Candila et al.,
2021; Sagqib et al., 2021).

By evaluating these 10 criteria, the opinions of three decision makers
are taken into consideration. This expert team consists of academicians
and people who work as top managers in international energy com-
panies. They conducted lots of projects related to green building, stra-
tegic management, and energy efficiency (Table 3).

It is concluded that renewable energy usage has the greatest weight
(,1327). Additionally, innovative production and design is also another
significant factor with the weight of “,1304”. On the other hand, occu-
pational safety and green business processes have lower significance by
comparing with the other indicators. The results are also computed for

Table 3

Weights.
Criteria Cc* C- R* R- S* S- Weights
WMGMT ,0413 ,0372 ,2605 ,2820 ,3018 ,3192 ,1289
CRBEM ,0462 ,0367 ,2203 ,2318 ,2664 ,2685 ,1259
IPDSG ,0333 ,0314 ,2182 ,2410 ,2514 ,2724 ,1304
EREFF ,0486 ,0516 ,2284 ,2217 ,2770 ,2733 ,1246
OCSTY ,0826 ,0801 ,2141 ,1828 ,2966 ,2629 ,1179
SNSLT ,0902 ,0922 ,2131 ,1984 ,3032 ,2907 ,1228
RWSGE ,0581 ,0688 ,2272 ,2516 ,2852 ,3204 ,1327
GBSRC ,0297 ,0196 ,2463 ,2209 ,2760 ,2406 ,1168
SWTMG ,0765 ,0684 ,2316 ,2438 ,3081 ,3122 ,1263
TNPTO ,0824 ,0818 ,2346 ,2162 ,3170 ,2980 ,1215
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Table 4

Comparative Weighting Results.
Criteria t=1 t=2 t=3
WMGMT ,1289 ,1304 ,1322
CRBEM ,1259 ,1307 ,1338
IPDSG ,1304 ,1267 ,1220
EREFF ,1246 ,1297 ,1303
OCSTY ,1179 ,1171 ,1167
SNSLT ,1228 ,1199 ,1189
RWSGE ,1327 ,1309 ,1319
GBSRC ,1168 ,1146 ,1140
SWTMG ,1263 ,1223 ,1206
TNPTO ,1215 ,1263 ,1261

different t values. Comparative weighting results are demonstrated in
Table 4.

Based on the weights given in Table 4, the ranking of the criteria
based on their importance is illustrated in Fig. 1.

Fig. 1 demonstrates that the ranking results are quite similar for
different t values. With respect to the conditions of “t = 1” and “t = 27,
renewable energy usage is the most critical factor. However, regarding
the use of T-Spherical fuzzy TOP-DEMATEL (t = 3), the minimizing
carbon emissions becomes the most significant factor whereas renew-
able energy usage is the third most essential indicator. As can be un-
derstood from this situation, as the uncertainty in the content of the
renewable energy use criterion increases, the importance of this crite-
rion decreases. In this context, necessary measures should be taken to
reduce the uncertainties contained in this criterion.

Discussions

Green building energy efficiency is vital for environmental sustain-
ability, both during the construction and operation of the building.
When multi-dimensional studies are examined by focusing on the
concept of green building, it is observed that energy-efficient designs
and integrated advanced technologies are used by applying renewable
energy sources on-site to reduce energy demand and consumption
(GhaffarianHoseini et al., 2013). According to Kyriakarakos and Dounis
(2020) the appropriate implementation of renewable energy sources in
buildings is a fundamental criterion for the energy efficiency of green
buildings, as specifically solar energy systems have always played a
significant role in development of green buildings. Moreover, in a study
that assumes a combined optimized design model between an emer-
gency generator (EG) and a photovoltaic (PV) in a large hospital, Mizuno
et al. (2019) remarked that while it is difficult for EG to respond to
power outages lasting more than three days due to a natural disaster or
network problem, PV enables for more extended hospital service in the
use of renewable energy (Barhoush et al., 2022, Giebel et al., 2020).

In this regard, in a study conducted across India, Tarkar (2022)
emphasized the positive role of green hospitals in environmental pro-
tection and energy saving. Likewise, analyzing the energy requirement
of a green hospital in Neom (S. Arabia), Alotaibi et al. (2019) used a
simulation method, comparing renewable energy and conventional en-
ergy. The research finding is that the most optimal hybrid solution
(biogas, diesel, and photovoltaic solar cells) can reduce carbon emis-
sions and diesel usage by around 80 %. Furthermore, in a study inves-
tigating end-user concerns for green hospital designs, Wood et al. (2016)
and Kalkavan (2021) surveyed public and private hospital customers in
Malaysia. Accordingly, they also found that the materials used in the
green hospital should be environmentally friendly and non-toxic.

Policy implications
To achieve green building transformations, it has been determined

that investments should be made primarily in renewable energy pro-
jects. In this framework, it would be appropriate for businesses to meet
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Fig. 1. Comparative ranking results of the indicators.

their electricity needs with clean energy, especially with small-scale
solar panels and wind turbines. To increase these investments, it is
necessary to provide a cost advantage. In the long term, technological
investments should be focused on solving this problem. Thanks to these
investments, it will be possible to reduce the costs of the projects. On the
other hand, it is very important to provide financial support from the
states to solve this problem in the short term.

Conclusions

The main contribution of this study is that a priority evaluation is
conducted so that more critical indicators of green building trans-
formations can be identified. Because of this issue, for financial sus-
tainability, companies should firstly focus on more significant factors.
Another important novelty of this study is that a new decision-making
technique by the name of TOP-DEMATEL is generated. With the help
of this issue, both problems in DEMATEL can be solved and methodo-
logical originality can be achieved. However, the main limitation of this
study is that an evaluation is made for only healthcare industry. The
results can be changed for different sectors, such as banking or textile.
Thus, for future studies, these industries can be taken into consideration
in the analysis process. Furthermore, in the following studies, some
improvements can also be made to the proposed methodology.

The relevance of this study consists in hesitancy problems of the
experts while making evaluations so that it can be possible to increase
the accuracy of the findings. The scientific and practical application of
the contribution is in new decision-making technique by the name of
TOP-DEMATEL is generated. With the help of this issue, both problems
in DEMATEL can be solved and methodological originality can be ach-
ieved. The facial expressions of the experts can be considered in the
analysis process.
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