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Abstract  
In today’s living conditions, the quality of life depends on well-
managed energy. Therefore, countries produce different energy 
policies to manage their energy resources. Determining appropriate, 
feasible, and controllable energy policies becomes important 
especially for buildings, as being one of the most significant energy 
consumers. Green building certification systems (GBCSs) are one of the 
most common applications for energy efficiency in the building sector. 
Purpose  
This paper is a comparative analysis of GBCSs in developed and 
developing countries, in an effort to establish the similarities and 
differences between Turkey’s first national GBCS – B.E.S.T and other 
GBCSs, and to determine how the energy criteria in GBCSs contribute 
to each dimension of sustainability (i.e., environmental, economic, 
social). 
Design/Methodology/Approach 

The research methodology depends on the literature review and 
documentary review on energy-related regulations, legislation, and 
laws. A comparative analysis of GBCSs was conducted in the study. Not 
only the sub-criteria directly exist under the energy criterion, but also 
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indirect energy criteria, which are included in the sub-criteria of all 
other criteria within the GBCS, were numerically evaluated with the 
helped of developed matrix. 
Findings  
The results show that energy credits were given the highest weight by 
LEED (~33%) in international GBCSs and by GRIHA (~42%) in national 
GBCSs. In B.E.S.T, this is ~29%. It was determined that B.E.S.T was 
structurally similar to LEED, while it was similar to BREEAM in terms of 
weight and importance given to the energy criteria. According to the 
developing country GBCSs, the biggest similarity is seen with GBI. In 
terms of SD, it is found that GBCSs present similar characteristics to 
their regional development level. Where a GBCS serves for a developing 
region, the main concerns of energy criteria focus on the intersection of 
its environmental and economic aspects. Thus, B.E.S.T has been created 
in a similar structure and the highest share (%80) on environmental-
economic aspects. 
Research Limitations 

In the study, the comparison was made between selected international 
GBCSs like BREEAM, LEED, and DGNB and national GBCSs like GM, GBI, 
and GRIHA. 
Practical Implications 

In practice, the results can help owners or developers to focus on which 
energy criteria contribute economic, social or environmental advantage 
for them. 
Social Implications  
This study also provides some recommendations for further application 
and academic studies of B.E.S.T. 
Originality/Value 

Increasing the recognition of Turkey’s national GBCS in scientific 
researches and contributing to the development of it have made this 
study original and unique.  
 
INTRODUCTION  
In recent years, how to reduce energy use has become a topic of 
high interest, and many studies on the different scales are 
conducted (Gillingham et al., 2006; Calero et al., 2018; Naylor et 
al., 2018). With the awareness of energy, all countries, depending 
on their development levels (DLs), establish different energy 
policies by considering the environmental, economic and social 
effects of this issue (Rosenow and Galvin, 2013; Kim and Sun, 
2017; Yu et al., 2017). The number of buildings rising parallel to 
world population growth causes an increase in energy demand. 
Although rapid urbanization occurs, cities take 2% space in the 
world. However, only this is enough to make cities one of the 
biggest energy consumers, which consumes 80% of energy and 
produces 80% of greenhouse gases (GHG) (Hoornweg et al., 
2011). This is not a proper and sustainable approach to expand 
cities by maintaining the existing situation (Johansson and 
Goldemberg, 2002).  
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In today’s cities, only buildings are responsible for 40% of total 
energy, 70% of total electricity consumption and 30% of GHG 
emission in which residential buildings are about 38% (EIA, 
2018; Hoornweg et al., 2011). Therefore, developing policies 
such as reducing energy consumption, controlling the 
consumption, using and extending alternative and renewable 
energy resources (RERs) in the building sector become 
inevitable. Because the critical aspect of achieving to live in cities 
with a sustainable way depends on energy sustainability (Rosen, 
2009). This leads to aiming at sustainable construction in the 
building sector. Such that green buildings (GBs), which are a 
process of creating a healthy built environment under the 
principles of resource efficiency and ecological consideration, are 
the basic application of sustainable construction (Kibert, 2016). 
Recently in sustainable construction, green building certification 
systems (GBCSs) are one of the most common and popular 
policies and/or tools for energy efficiency. In the literature, it is 
seen that after the emergence of GBCSs, studies examining GBCSs 
with different objectives are carried out intensely. In the last two 
decades, GBCSs are the second most studied topic after the GB 
project delivery and developments in the GB literature (Darko 
and Chan, 2016). While some studies focus on the overall 
analysis on criteria of GBCS (Lee, 2013; Illankoon et al., 2017; 
Shan and Hwang, 2018), others on only energy (Roderick et al., 
2009), water (Waidyasekara et al., 2013), waste management 
(Wu et al., 2016) or health and comfort (Worden et al., 2020). 
With their integrated system, GBCSs aim to decrease the energy 
use of buildings and to make buildings healthier and more 
environmentally friendly for their occupants (Sev, 2011; 
Khoshbakht et al., 2018).  
GBCSs are a kind of driver for the sustainability and/or success 
criterion of a building. Furthermore, sustainability recognizes a 
balance between the economic, social, and environmental 
dimensions (Brundtland, 1987). This is also known as “the triple 
bottom line” (Elkington, 2013) and called as sustainability 
dimension (SD) in this study. GBCSs include SDs at different 
levels depending on the weight and context of their criteria. It is 
seen that so limited studies focus on the SD of the evaluation 
criteria of GBSCs completely or separately (Awadh, 2017; Doan 
et al., 2017; Jensen and Birgisdottir, 2018). Therefore, a 
comparative analysis of GBCSs in terms of their SD becomes a 
significant issue. This helps to analyze how a GBCS aims to 
provide sustainability giving to high priority on its surrounding. 
This can be also considered as an indicator to show the DL of a 
nation. Because the weight given to the SD varies according to 
the DL of the countries. Thus, it is also expected a change in the 
SD of GBCSs.  
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Starting with the first GBCS in 1990, this process continues today 
with the development of dozens of national and international 
GBCSs. After the success of international GBCSs, global 
awareness occurred to construct buildings more energy efficient. 
In time, some of the GBCSs became more popular in building 
evaluation systems. However, countries’ national needs and 
building sector dynamics cause creating their own GBCS. One of 
these national GBCSs is B.E.S.T (Ecological and Sustainable 
Design in Buildings), which is Turkey’s first official national GBCS 
and generated based on the international GBCSs by CEDBIK 
(Turkish Green Building Council).  
In the literature, many studies have emphasized the need for a 
national GBCS for Turkey (Gültekin and Bulut, 2015; Erdede and 
Bektaş, 2018a). Following the first draft, although various 
studies on B.E.S.T, also known as CEDBIK, were carried out, these 
are mainly macro-scale comparisons of existing GBCSs or their 
selection processes (Geçimli and Yamaçlı, 2019; Sait and 
Harputlugil, 2019). Moreover, some studies are aimed at 
comprehensively examining one or more parameters of B.E.S.T 
that are topics on water efficiency in GB (Gültekin et al., 2018), 
site usage (Erdede and Bektaş, 2018b), daylight comfort 
performance (Durak and Ayyıldız, 2018), innovation in GBs 
(Mollaoglu et al., 2016), and its effect on urban transformation 
(Diker, 2019). However, it is seen that no detailed research has 
been conducted regarding the energy parameter yet. When 
considered the importance of energy for Turkey as a country 
dependent on foreign energy, energy is an important issue that 
should be examined.  
The main objective of this study is to examine the international 
and national GBCSs in terms of energy criteria. In addition, this 
study is a comparative analysis of GBCSs in developed and 
developing countries, in an effort to establish the similarities and 
differences between B.E.S.T and other GBCSs, and to determine 
how the direct or indirect energy criteria in GBCSs contribute to 
each SD depending on DLs of countries. In this scope, the study 
was conducted as follow: (1) summarization of energy-related 
regulations until the emergence of GBCSs, (2) identification of 
the selected GBCSs and their key parameters, (3) comparison of 
the GBCSs, (4) discussion on the importance of energy criteria by 
evaluating the key credits awarded for energy efficiency and (5) 
determination the SDs of energy criteria.  
To make a more cohesive comparison, this study has a restriction 
on the selection of the GBCSs. Due to generation of B.E.S.T 
depends on three widespread and well known international 
GBCSs, BREEAM (BRE Environmental Assessment Method), 
LEED (Leadership in Energy and Environmental Design) and 
DGNB (German Sustainable Building Council) were chosen as 
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international GBSCs. Besides, Turkey is a developing country so 
that national GBCSs belonging to other developing countries like 
GM (Green Mark) from Singapore, GBI (Green Building Index) 
from Malaysia, and GRIHA (Green Rating for Integrated Habitat 
Assessment) from India were included in this comparative 
examination. 

RESEARCH BACKGROUND 
Nowadays, the management of energy with energy-saving 
policies is so critical. Therefore, to achieve sustainable 
development, countries are trying to re-evaluate their energy 
systems by planning their energy programs and strategies 
according to their energy efficiency aims and targets (Yüksel and 
Kaygusuz, 2011). In the 20th century, instead of local and 
vernacular architectural solutions of the 18th century, using 
products, equipment and energy-consuming systems developed 
by the influence of industrialization made buildings have a 
significant share of energy consumption. The buildings fit with 
active energy-consuming systems have become the 
environments threaten user health. However, after energy crises, 
energy efficiency decisions that were put forward after 1975 in 
the developed countries have resulted in a saving of 55% in 
energies consumed until 2005. Due to high importance on energy 
efficiency in the 1990s, total energy consumption in the world 
has not increased and has remained at a lower rate while 
industrialization and growth are occurring (Yaman et al., 2015). 
In the 21st century, buildings have been designed by removing 
systems increasing energy consumption. An approach was 
adopted in which energy reducing systems are used; physical 
environmental conditions are well analyzed; passive energy 
designs are applied (Goldemberg et al., 1987).  
To regulate and decrease the energy consumption of buildings, 
some policies, which can be called as GB policies, are set. In 
literature, these can be summarized as requiring an energy 
performance building directive, using and also promoting RERs 
instead of non-RERs, encouraging to design GBs by regulating 
with laws, rules, taxes, creating a council or institution to arrange 
and to control the relevant standards, encouraging to get a GBCS 
(Pearce et al., 2007; Murphy, 2014; Tan et al., 2016; Huo and Yu, 
2017). Figure 1, which is listing developments directly related to 
the energy consumption of the building sector, summarizes the 
important milestones of these policies with the help of a 
chronological chart established by using the data obtained from 
the literature. 
According to Figure 1, despite the increased dependence of oil 
and natural gas after the 1950s, discoveries of hydrogen, solar, 
wind, and geothermal energies, have already occurred until that 
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time. It is seen that these RERs were used for the first time in the 
19th century. However, becoming widespread commercial usage 
of them took time. In the 20th century, it was possible to use RERs 
economically in buildings. Furthermore, in the 21st century RERs 
can have a wide and effective usage area in the building sector. 

 

 
The global energy crises of 1973 and 1979 necessitated the 
establishment of an energy governance institution to regulate, 
control, and follow-up energy issues in developed countries. 
Therefore, IEA (International Energy Agency) was instituted as a 
global regulator in 1974 (Figure 1). This was followed by the 
establishment of a Ministry of Energy in the same year in the UK 
and 1977 in the USA. Energy and Natural Resources Ministry was 
established in Turkey in 1963, before these countries and the 
global energy crisis. However, Turkey, whose industrialization 
process was much slower, did not have an effective mission/role 
in energy management in that period.  

Figure 1. Comparison chart of 
directly energy-related regulations 
in building sector  
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The establishment of some international institutions or 
organizations also helps to regulate the energy efficiency of 
buildings such as IPCC (Intergovernmental Panel on Climate 
Change) in 1988, UNFCCC (United Nations Framework 
Convention on Climate Change) in 1992 and then the first COP 
(Conferences of the Parties) in 1995 (Figure 1). In 1997, the 
Kyoto Protocol, one of the largest participated agreements on a 
global basis for sustainability, has led countries to reshape their 
energy policies (Oberthür and Ott, 1999).  
After Kyoto Protocol, the most important step taken by EU 
countries for the building sector is to generate and to apply the 
“Energy Performance Building Directive (EPBD)” in 2002 
(Nikolaou et al., 2015). While EPBD allows decreasing the energy 
consumption of the 75% building stock in the EU, this also helps 
achieve energy efficiency targets of EU countries by reducing the 
EU’s total energy consumption by 5-6% and lowering CO2 
emissions by about 5% (EC, 2018). In Turkey, one of the major 
legal regulations to reduce the energy consumption of the 
building sector is “Thermal Insulation Requirements for 
Buildings (TS825)”. However, the fact that the TS825 is not 
mandatory restrains obtaining energy saving. Although it has 
become a compulsory regulation for all newly constructed 
buildings after revision in 2008, its contribution to efficiency is 
so limited. 
It was decided by the EU to apply the “20/20/20 Climate & 
Energy Package” in 2009 to reach the energy targets projected in 
the Kyoto Protocol. Accordingly, EU countries have agreed to be 
20% more energy-efficient, use 20% more RERs, produce 20% 
less GHG in 2020 than in 1990. Turkey’s 2020 energy targets 
include a 21% reduction in GHG, a 31% increase in the use of 
RERs for electricity, and 20% more energy efficiency in public 
buildings. Both Turkey and other countries have been gradually 
increased their targets for 2040 and 2050.  
GBCSs serve as an aid in achieving the energy targets of 
countries, prioritizing energy efficiency, and encouraging the use 
of RERs (Figure 1). GBCSs emerged in the 1990s for the first time 
have encouraged the creation of many national certification 
systems because of the understanding of their contribution to 
sustainability and energy efficiency (Li et al., 2017; Mattoni et al., 
2018). This made GBCSs become an important tool to achieve the 
energy efficiency targets of many countries. After the emergence 
of BREEAM in 1990, many GBCSs were created as LEED in the 
USA in 1998, CASBEE in Japan in 2002, GreenStar in Australia in 
2003, DGNB in Germany in 2007. These GBCSs primarily were 
generated to meet their own national needs of the building 
sector. However, their full content made some GBCSs turn into 
international certification systems or guided to establish 
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countries’ national certification. Especially, some countries 
needed to create their national GBCS to decrease energy 
consumption.  
Turkey, which is one of the countries showing the most rapid 
increase in energy consumption in the world by importing 70% 
of its energy, is trying to develop a national GBCS. Until the 
2010s, Turkey used only international GBCSs. However, to 
answer the Turkish construction industry and its culture, Turkey 
started to develop its national GBCS for the first time in 2008 
with the help of Mimar Sinan Fine Art University. In 2013 SEEB-
TR (Sustainable Energy Efficient Buildings) was generated as a 
national GBCS in Turkey. Then, the CEBDIK certification system 
was established in 2013. With CEDBIK, it is aimed to contribute 
to the economy of the country by providing the formation of 
healthy societies in a comfortable environment. This certificate 
will be legally enforced under the Green Certificate Regulation 
for Settlements and Buildings issued by the Ministry of 
Environment and Urbanization in 2017. With the last update in 
2019, this GBCS is called “B.E.S.T”. 
According to literature, a LEED-certified building uses 25% less 
energy compared to a non-certified one with the same 
characteristics, and a reduction of 13% in energy consumption-
related emissions and a 15% reduction in energy costs (DLA 
Piper, 2014; LEED, 2020). The efficiencies provided in energy are 
very important for countries like Turkey, due to importing a 
large part of its energy. Therefore, the use of B.E.S.T will also 
provide a valuable contribution to Turkey’s energy targets. In a 
developing nation, GM developed by Singapore in 2008 has been 
able to reduce energy consumption by 9%-13% over in the seven 
years up to 2015 (BCA, 2017). This clearly shows that GBCSs 
have a significant impact on energy efficiency not only in 
developed regions but also in developing ones. Thus, this can 
prove that like a developing country, Singapore, a GBCS in 
Turkey, will help to increase its energy efficiency. 
 
Brief Introduction to GBCSs 
GBCSs, which are one of the energy-saving applications for 
buildings, were developed over the past three decades by 
countries depending on their energy policies (Awadh, 2017; 
Doan et al., 2017). With GBCSs, it is aimed at a reduction in 
energy consumption of buildings and their environmental 
impacts during construction, and sustainable management and 
operation (Kubba, 2010; Mattoni et al., 2018). However, GBCSs 
base on volunteerism. In general, GBCS is an assessment method 
analyses energy consumption, land use, indoor environmental 
quality, and its impact on human health.  
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Many GBCSs have been developed based on the different 
characteristics, energy and environment targets, and 
requirements of each country (Kubba, 2010; Kubba, 2012). This 
causes some differences at the SD of GBCSs depending on the 
sustainability policy of nations. However, it is important that 
while developing policies like GBCSs, sustainability pillars must 
be considered (Sev, 2009).  
The first GBCS developed in the world is BREEAM, which was 
generated by the UK in 1990 (BREEAM, 2020). BREEAM then 
was used as a guide for other countries’ GBCSs. One of the GBCSs 
influenced by BREEAM is LEED, which was developed by the USA 
in 1998 and has become the most popular GBCS in the world 
(Scheuer et al., 2002; Reed et al., 2010). Figure 2 shows both 
international and national GBCSs. The fact that GBCSs, usually 
organized as national certification systems, can be adapted to the 
needs of other countries makes it possible to use them as a global 
certification (Mattoni et al., 2018). It seems that international 
certifications are generally used by countries that have a 
common social, cultural, and economic condition by revising the 
certification according to their national needs. Use of LEED in 
Mexico as LEED Mexico and in Brazil as LEED Brazil, and use of 
BREEAM in the Netherlands as BREEAM Netherlands and in 
Norway as BREEAM-NOR are examples of the adaptation of 
GBCSs (Figure 2). 
The national GBCS in Turkey to contribute to its energy 
efficiency policies was generated later than the many countries. 
The first study taken in this context started with the formation of 
SEEB-TR in 2008, but SEEB-TR certified building does not exist 
in Turkey. Therefore, SEEB-TR can be considered as a kind of 
theoretical application of GBCS. CEDBIK as being a 
nongovernmental organization on sustainability formed a GBCS. 
The National Energy Efficiency Action Plan of Turkey prepared 
by the Ministry of Energy in 2016 and the law of Green 
Certificate Regulation for Settlements and Buildings in 2017 
provided the legal basis for the creation of this certification. 
Thus, CEDBIK has developed the officially national GBCS – B.E.S.T 
– with the help of cooperation with the academia, public, and 
member companies by examining the widespread international 
GBCSs as BREEAM, LEED and DGNB. In this process, Turkey’s 
national condition, culture, geography, and climate were taken 
into account by considering the international and EU standards 
(CEDBIK, 2020). However, the first evaluation system was 
prepared only for the new construction of residential buildings. 



Filiz Umaroğulları & Semiha Kartal & Dinçer Aydın 

 

D
O

I: 
10

.1
53

20
/I

CO
NA

RP
.2

02
0.

11
0 

 E
-IS

SN
: 2

14
7-

93
80

 

 
196 

 

Despite the delay in the emergence of a national GBCS in Turkey, 
there are totally of 430 certified projects including 388 LEED, 40 
BREEAM, 1 DGNB, and 1 Green Globes (CEDBIK, 2020; DGNB, 
2020; Green Globe, 2020). Turkey, with the total area of its 
LEED-certified projects, is located on sixth rank in the world 
(LEED, 2020). According to the distribution of BREEAM, LEED, 
and DGNB certified buildings worldwide in Figure 2, although 
BREEAM is the first GBCS, globally, the most common GBCS is 
LEED. It is also seen that BREEAM is generally preferred in 
developed countries, particularly in Europe, and DGNB is used in 
similar geography but the more limited area (Figure 2). 
However, a LEED-certified building is found in almost all 
countries except for some parts of Africa. This shows that LEED’s 
global awareness is the largest, and its content is globally more 
appropriate or adaptable. 

METHODOLOGY 
This study comparatively discusses the energy credit weighting 
given by the selected GBCSs because energy is the most 
important parameter in GBCSs (Illankoon et al., 2017; Shan and 
Hwang, 2018). Each GBCS must meet with SDs, but it changes 
from one GBCS to another. Especially considering the energy 
criterion, it is seen that it shows different SD distribution. 
Therefore, the GBCSs are also analysed with respect to their 
energy criteria, addressing and prioritizing the sustainability 
pillars. 

Figure 2. (a) Distribution of various 
GBCSs used around the world, (b) 
distribution of BREEAM, LEED and 
DGNB certified buildings in the 
world 
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In the study, the data compiled through literature review 
sourced from papers, proceedings, reports, and information 
available on the websites of GBCSs. In addition, a numerical 
analysis has been conducted as a method to calculate and to 
categorize each GBCS credits under SD. The examined GBCSs in 
the study are not random selections. This was conducted in two 
ways one for selection of the international GBCSs and the other 
for the national. International GBCS were selected from the GBCS 
used as a guide for the creation of B.E.S.T. These are BREEAM, 
LEED, and DGNB, which are also widespread GBCSs in the world. 
In the selection of the national GBCSs, the main concern is to 
belong to a developing country. Although there are many 
national GBCSs in the developing nations, another limitation is to 
have similar sustainable construction activities. According to the 
top 10 regions for LEED green building, India is the third country 
where Turkey is sixth (LEED, 2020). Singapore and Malaysia, as 
being developing countries, are in the top ten countries about 
economic indicators on sustainable construction (de A. Dias et 
al., 2017). 

  

The research methodology is summarized in Figure 3. Firstly, a 
literature review was conducted in the study. The development 
of GBCSs was handled along with other developments in the 
building sector within the historical perspective. According to 
data, a comprehensive comparison chart was created (Table 1). 
By considering the research focus, energy credits of each of the 
selected GBCS were allocated. Then, a comparison matrix was 
developed, including all direct and indirect energy criteria of the 
GBCSs by making the calculation for each SD by taking the point 
value of the criterion into account in the same weight. These 
credits were converted to share values over 100 (Table 2).  
The second step was to allocate credits of energy criteria to the 
relevant SD. For example, ‘use of RERs’ is one of the energy sub-
criteria in LEED. This is attributed to ‘environmental-economic’ 
aspect with its proper credits. Likewise, all energy credits of each 
GBCS were attributed to the relevant SD. After attributing all 
credits to the relevant SD, the share of SD of all energy-related 
criteria was determined. According to data, a comparison 
diagram was developed to analyse the GBCSs (Figure 4).  

Figure 3. Research methodology 
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Finally, the study was concluded by evaluating both the overall 
SD of each GBCS in the literature and their SD specific to energy 
criteria. At this step, an evaluation has been made by taking into 
consideration the DL of the countries and the importance of 
energy for them. 

COMPARATIVE ANALYSIS of GBCSs 
According to Table 1, current versions of all GBCSs are updated 
soon. This means that they adapt themselves to changing 
conditions. This is important to make GBCSs a sustainable tool. 
Apart from GM, national GBCSs are used for only their regions. 
GBCSs gain international status when they adapt themselves to 
local conditions. However, BREEAM and LEED have a significant 
difference in terms of flexibility and the number of certified 
buildings. 572,661 buildings were certified by BREEAM, which is 
six times higher than those for LEED. BREEAM is used in 87 
countries, while LEED is in 167 countries (BREEAM, 2020; LEED, 
2020). The most fundamental reason for this difference is that 
the target mass of BREEAM is European countries. Although 
LEED has spread to more countries, BREEAM has enabled many 
more buildings to be certified in a limited geography. This is a 
result of higher European awareness of sustainability (Doan et 
al., 2017).  
The use of international norms is also very effective to make 
certification a global certificate. BREEAM and DGNB benefit from 
EU standards and laws, and LEED from ASHRAE and ISO 
standards. Being regulated with ISO helps GM to use it in other 
countries. However, GRIHA and GBI are regulated depending on 
their national norms while B.E.S.T is based on the relevant 
legislation issued by the Ministry of Environment and 
Urbanization in Turkey due to being a national GBCS. This limits 
B.E.S.T to national use for now. 
All GBCS have different evaluation criteria changing depending 
on the type of project - existing, new construction, and interior - 
as well as settlements. Only B.E.S.T is just to be used for new 
construction projects with residential function. GBCSs are 
important tools to certify the sustainability of buildings or 
settlements. GBCSs can help to obtain energy efficiency targets 
and policies of a city or a country (Beauregard et al., 2014). 
Besides sustainability, having a certificate also provides 
project/building recognition and reputation (Shan and Hwang, 
2018).  
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Table 1. Comparison of green building certification systems 

 

Moreover, GBCSs cause additional cost to the construction 
budgets. This cost consists of three different items as registration 
to the GBCS, evaluation of the building, and certificate cost (Table 
1). The registration fee and the certificate fee are the common 
costs for all. However, there are two different methods to 
calculate the evaluation fee, depending on the size of the project. 
In BREEAM and DGNB evaluation fee is calculated according to 
the determined project size limits. In others, this is made 
considering the unit price per square meter of each project. 
Therefore, no maximum certification value exists, and LEED has 
the highest cost. The negative impact of GBCSs on the project 
cost can be transformed into an economic advantage. A certified 
building has an average of 18% more reputation than the others, 
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which in turn leads to a 38% increase in its value and an 11% 
decrease in the operation cost (DLA Piper, 2014). Since B.E.S.T 
has not been used yet, its fees are not determined. However, it is 
considered to be cheaper than others as being a national GBCS. In 
Turkey, there are 813 projects have applied to LEED certification 
despite its high cost. With B.E.S.T, it can also be said that the 
number of certified buildings would increase (CEDBIK, 2020). 
There are two different rating methods for the evaluation 
process. BREEAM and DGNB use a method of weighing their 
scores according to each building type, while others use a credit 
method based on the overall sum of scores. The differences in 
methods have a great effect on the final score (Suzer, 2015). 
B.E.S.T shows similarities with LEED about the rating method. 
Furthermore, the general structure of B.E.S.T is much more 
familiar with LEED.  Because the building industry in Turkey is 
mainly used to LEED-certified projects. The result is certified in 
five different rating levels at BREEAM and GRIHA, but at the 
others in four. In the DGNB only, it is necessary to have a score of 
at least limit value for each category and total evaluation to get a 
certification. 

Analysis on Energy Criteria 
GBCSs include many environmental, economic and social 
parameters. Although some differences exist in the parameters, 
evaluation criteria generally concentrate five basic parameters 
as site (location and transport), resources (energy, water, 
material), indoor environment, socio-economic and 
management. The main reason makes differences between 
GBCSs is that each country is launching parameters for its 
market needs (Waidyasekara et al., 2013). As seen in Table 1, the 
most important criteria for all certifications except GM and GBI is 
‘energy’.  
As the study was aimed to compare the energy criteria of GBCSs, 
energy related sub-criteria were also evaluated. It is important 
that some credits related to energy criteria are covered through 
different headings in some of the GBCSs. For example, in GM 
‘energy monitoring’ credits are addressed under the ‘Smart and 
Healthy Buildings’ criteria. Therefore, to analyse the GBCSs 
cohesively, all criteria were evaluated, and the matrix in Table 2 
was formed. Accordingly, many GBCSs allocated a range of 23-29 
points for energy. The maximum credits allocated in the GRIHA, 
which is 42 points out of 104 (40.3%). Although, altogether 
fourteen requirements identified about energy, it is seen that 
some of them only addressed in each GBCS. GRIHA and B.E.S.T 
are only GBCSs addressed more than seven requirements 
relevant to energy. 
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Table 2. Matrix for credits distribution on energy criteria at the selected GBCSs 

Energy requirements and 
credits distributions in GBCSs* 

International 
GBCSs 

National  
GBCSs 

BR
EE

AM
 

LE
ED

 

D
GN

B*
* 

GM
 

GB
I 

GR
IH

A
 

B.
E.

S.
T 

E1 Reduce building energy use and 
increase energy efficiency 

15 18 5 12 13 12 15 

E2 Use of renewable energy and 
green power 

 5  8 5 5 7 

E3 Energy evaluation, monitoring 
and commissioning  

2 7 7 2 1  2 

E4 Energy efficient equipment/ 
technology/appliances 

2     4 1 

E5 Energy efficient transport  3      2 

E6 External lightening  1    2  1 

E7 Optimize building design to 
reduce conventional energy 
demand 

   5  6  

E8 Building envelope quality   2     

E9 Renewable energy based hot 
water systems 

     3  

E10 Sustainable maintenance or 
operations & building user 
manual 

    2 2 1 

E11 Low-energy material in interiors 
and embodied energy 

   2  4  

E12 Utilization of fly ash in building 
structure 

     6  

E13 Demand response  2      

E14 Enhanced refrigerant 
management 

 1      

Total Points Allocated For  
“Energy” Section 

27 33 14 29 23 42 29 

Total Points Including  
Innovation and Bonus 

132 110 100 140 100 104 110 

(%) From Total 20.4 30.0 14.0 20.7 23.0 40.3 26.3 
Credits include the new constructed residential buildings evaluation criteria for each GBCS. 
*Indirect credits for energy have been also formed by bringing together. 
**Evaluation system of DGNB is different from others due to weight scores calculations. 

 
Since it includes regulations for direct energy consumption, 
except for DGNB, ‘reducing building energy use and increasing 
energy efficiency’ has the highest share. The ratio of this 
criterion among the energy criteria changes between 28.5% and 
56.5% where the highest share belongs to GBI while the lowest 
one is DGNB. While international GBCSs pay more attention to 
energy monitoring after efficient energy use, this trend is 
towards the use of RERs in developing countries. Because 
developing countries are aiming to reduce their dependence on 
energy and gain an economic advantage that will accelerate their 
development. However, it must be noted that the operation 
phase of a building is the longest period in its life-cycle. 
Therefore, energy monitoring is a significant criterion to manage 
energy consumption. Since developing countries generally focus 
on short-term gains rather than long-term benefits, the 
importance they place on this criterion is relatively low. 
Energy-saving with passive systems depends on the design of the 
building envelope and the materials used on it, so DGNB, GM, and 
GRIHA are the GBCSs giving the credits for the building and 
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envelope design. Accordingly, B.E.S.T has the highest similarity 
with BREEAM and GBI. While LEED is structurally a guide to 
B.E.S.T, BREEAM is taken as an example for the weight of the 
criteria. For the sub-criteria, which show some differences under 
the energy criteria, it can be interpreted that the impact of the 
habits of the users in the geography causes this. 

Sustainability Dimensions of Energy Criteria 
The most important idea behind GBCS includes providing 
sustainability. Each GBCS presents SD on a different scale. Figure 
4 shows the share of the overall SD of BREEAM, LEED, and DGNB. 
Depending on the DL of countries, the importance given to the 
environmental, economic, and social aspects of sustainability has 
changed. Accordingly, the environmental aspect takes the 
highest share in BREEAM and LEED. They are almost free of 
economic concerns. However, DGNB gives the highest 
importance to its social aspect while it is presenting an almost 
equal balance between the three sustainability pillars. The 
reason behind this is DGNB was developed later than most of the 
other certifications and follows the European standards (Jensen 
and Birgisdottir, 2018).  

 

Figure 4. (a) Overall sustainability 
dimension of GBCSs: BREEAM, 
LEED and DGNB, (b) Comparison of 
the sustainability aspects of energy 
credits of the selected GBCSs  
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In this study, the analysis categorizes direct and indirect energy 
criteria from the GBCSs within three SD – environmental, 
economic, and social aspects. In this framework, the energy 
credits in each GBCS listed in Table II are examined (Figure 4). In 
the analysis, the environmental aspect covers the impacts of 
energy on the natural environment. This aspect also leans 
toward optimization of resources through reuse and recycling, as 
well as lowering of environmental impact throughout the 
building life cycle. The economic aspect deals with the cost-
saving opportunities of the designs, materials, and applications. 
The social aspect addresses the human well-being, social 
interaction, and commitment of users. However, the 
environmental and social aspects can potentially have an impact 
on the economic value of the building, and thus, the economic 
aspect could be argued to become a focus through the other 
aspects indirectly. For instance, evaluating the ‘use of RERs’ only 
environmentally without considering its economic aspect, is not 
accurate. Therefore, the intersection points of each SD of energy 
are also considered at forming this diagram (Figure 4). 
According to Figure 4, out of DGNB, the intersection of 
environmental and economic aspects is most heavily weighted in 
the six GBCSs, followed by the economic aspect in LEED, DGNB 
and B.E.S.T. While the environmental and economic aspects are 
almost close to equally weighted, there is a noticeable lack of 
consideration towards its social and environmental 
sustainability. Merely one out of the seven selected certifications 
does not focus on only the economic aspect. DGNB has the 
highest economic value in terms of energy as well as its overall 
weighting. 
The growth of developing countries is directly related to the 
economic empowerment of countries (Eggoh et al., 2011; Lemma 
et al., 2016). For these countries, energy is a key factor has a 
great economic impact on development. Moreover, the society in 
which GBCSs serve causes differentiation in the SD of GBCSs. 
Therefore, the importance of the economy in developing 
countries necessitates more emphasis on the economic value of 
the energy criteria in the GBCSs developed by them. The 
economic aspect with its environmental value has the biggest 
share in developing countries. However, the most important 
motivations for GBCS following the environmental aspect of 
sustainability in developed countries are addressed the social 
aspect, such as demonstrating social awareness (Figure 4). In 
developing countries such as India, it is stated that the cost and 
benefits of the practices, which are mostly directed towards the 
economic aspect, are given more importance (Potbhare et al., 
2009). This argument is a result of the overall evaluation of 
GRIHA. However, it is found that GRIHA surprisingly does not put 
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in the center the only economic aspects of energy. The lack of any 
energy evaluation, monitoring, and commissioning can be read 
as one of the reasons for this. For Turkey, B.E.S.T has the highest 
share on environmental and economic aspects of the energy 
criteria. Although Turkey is a developing country, the social 
aspect of energy has not been ignored. Furthermore, the SD of 
the energy of B.E.S.T shows almost the same characteristic as 
BREEAM. Accordingly, it can be said that BREEAM has been more 
effective in determining B.E.S.T’s energy criteria than other 
international certificates. 
 
CONCLUSION 
This study comparatively discusses the similarities and 
differences between national and international GBCSs. The study 
is also limited to the examination of the energy criterion of 
GBCSs because the most important parameter in all GBCS is 
‘energy’. Therefore, the study presents how and in what 
approaches energy is addressed in GBCSs of developed and 
developing countries by examining the SD of direct and indirect 
energy criteria of GBCSs. The focus of the study has been formed 
by Turkey's officially first GBCS – B.E.S.T. 
The comparison results can be summarized under two groups as 
energy criteria and SD of energy in GBCSs. The results show that 
the GBCSs are not homogeneous in terms of energy credits. 
Energy credits were given the highest weight by LEED (~33%) in 
international GBCSs and by GRIHA (~42%) in national GBCSs. In 
B.E.S.T, this weight is ~29%. Furthermore, apart from developed 
countries, the use of RERs is the second most significant energy 
criteria due to its direct effect on reducing the current energy 
needs of each building in Turkey as well as other developing 
countries. It is also determined that in B.E.S.T, short-term 
consumption-reducing practices are given more weight to see 
direct benefit such as in any other developing countries’ GBCSs. 
However, energy is a multidirectional term, including the 
sustainability pillars. Environmental, economic, and social 
aspects of energy criteria change in the GBCSs depending on 
their DL.  It is found that GBCSs present similar characteristics to 
their regional DL in terms of SD. Where a GBCS serves for a 
developing region, the main concerns of energy criteria focus on 
the intersection of its environmental and economic aspects. 
Thus, B.E.S.T has been created in a similar structure and the 
highest share (%80) on environmental-economic aspects.  
To sum up, it is determined that B.E.S.T is structurally similar to 
LEED, while it is similar to BREEAM in terms of weight and 
importance given to the criteria. This is an acceptable result, as 
the Turkish construction industry is more accustomed to LEED 
practices. In addition, although B.E.S.T places more importance 
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to the number of criteria, the biggest similarity in terms of 
national GBCS is with GBI. It can be said that the relations 
between these two countries and similar backgrounds are 
effective on this similarity. 
B.E.S.T will positively contribute to the energy efficiency of 
Turkey soon. However, to achieve this, it is very important to 
increase the recognition of B.E.S.T. The most basic way to achieve 
this depends on adding the B.E.S.T to courses that address 
sustainability issues. In the construction sector, the fact that 
small and medium-sized construction companies do not see GB 
construction as a challenge depends on this process to be easily 
understandable and traceable. This depends on the development 
of the local GBCS in a national language. These and similar 
studies have an important role in ensuring the recognition of the 
certificate developed. The results will also help owners and 
developers to understand the dimensional contributions of the 
design, material, and application decisions they will organize for 
energy in GB constructions. For example, an owner or developer 
who aims to gain economic benefits can learn what criteria to 
focus on. Thus, the development of a national GBCS provides 
advantages to less cost, less time, and more promotion while 
contributing to an increase in the number of energy-efficient 
buildings in Turkey. 
Moreover, future studies can address the challenges and positive 
aspects of the B.E.S.T-certified buildings on the construction and 
operation phase. Also, the numerical results obtained from the 
applications will make the B.E.S.T more widespread. 
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