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Abstract

This study compares certification systems for green healthcare facilities implemented worldwide.
Healthcare facilities are complex structures designed to provide uninterrupted service while
involving substantial resources, high energy consumption, and heavy human and material traffic.
The COVID-19 pandemic emphasized the importance of designs that ensure hygiene, reduce
environmental impact, and improve energy efficiency, making green certification systems for
healthcare facilities increasingly critical. Eight certification systems currently in use across eight
countries were examined, four from advanced economies (LEED in the U.S., BREEAM in the UK,
Green Star in Australia, and CASBEE in Japan) and four from developing economies (YeS-TR in
Turkiye, IGBC in India, GBI in Malaysia, and GREENSHIP in Indonesia). Country selection
considered regional diversity, similarities in environmental policies, and the potential for healthcare
infrastructure development. A literature-based comparative analysis was conducted, and seven key
categories were identified for evaluating sustainability: sustainable land and transport, water and
waste management, energy efficiency, material and life cycle impact, indoor environmental quality,
project management process, and innovation. The comparison revealed considerable overlap among
the systems but also highlighted shortcomings in addressing healthcare-specific needs. This paper
contributes to the advancement of sustainability assessment in the healthcare sector by highlighting
the need for certification schemes specifically designed for medical facilities. The findings emphasize
the necessity of developing healthcare-tailored frameworks that not only address environmental
performance but also capture the unique operational, functional, and clinical dynamics of this sector.

Keywords: green buildings; green healthcare facilities; green hospital certification systems; health
structures

1. Introduction

The accelerating population growth worldwide, changes in consumption habits, deforestation,
acid rain, global warming, and the thinning of the ozone layer are having negative impacts on the
natural environment, and one of the main reasons for these processes is the prevalence of poorly
designed structures that are not environmentally friendly [1,2]. Various green building certification
systems have been developed to minimize the environmental impacts of the construction industry
[3,4]. These systems ensure that buildings fulfill their environmental responsibilities while also
contributing to the creation of prestigious buildings with high energy efficiency [5-7].

The construction industry has become critical for environmental sustainability, accounting for
approximately 40% of the total raw material consumption worldwide [8]. The increasing construction
volume and consumption trends are contributing to environmental pollution. Healthcare facilities,
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which are actively used at all hours of the day and impact human health, also play a significant role
in this process [9,10].

Energy conservation is a major objective in designing and operating green buildings [11].
Sustainability-conscious designers employ strategies such as using high-performance insulation,
designing energy-efficient lighting systems, and integrating diverse renewable energy sources to
reduce energy consumption by as much as 30-40% compared to traditional buildings [12,13].
Especially in areas with high energy consumption, such as operating rooms, it is projected that energy
efficiency strategies can provide savings of approximately $25,000 per operating room annually [14].
Considering that an average-size hospital has approximately 11 operating rooms, these savings add
up to a significant saving at the institutional level.

The initial investment cost of green buildings is higher compared to traditional buildings, but
green buildings provide significant savings in energy and operating expenses in the long run [15,16].
It is known that even healthcare facilities constructed in the 20th century were designed with natural
ventilation and orientation towards the sun in mind [17,18]. However, in the 21st century, large-scale
healthcare facilities incorporating multiple functions have been constructed in a manner that deviates
from the passive designs of the past, leading to an increase in energy consumption per person.
Therefore, there is a need for passive designs to increase efficiency in newly constructed healthcare
facilities that house modern healthcare services [19,20]. Additionally, healthcare facilities should be
reassessed to ensure the most suitable conditions for patients and healthcare personnel [21,22].

Healthcare facilities are actively used day or night, are different from other buildings due to
their functional characteristics, and contain complex systems including operating rooms, x-
ray/scanner rooms, patient rooms, and various sterile areas. Heating, cooling and ventilation systems
in these areas consume considerable energy. Indeed, the energy cost of healthcare facilities amount
to $8.5 billion per year, twice as much compared to office buildings [19].

Green practices are gaining importance in designing, constructing, and operating healthcare
facilities worldwide thanks to green healthcare facilities” economic and environmental advantages
and innovative healthcare technologies. The effective functioning of these practices is possible
through green certification systems [20-22].

The green building concept emerged in the 1990s and has gained importance with various
improvements over the years and paved the way for the development of new standards for
sustainable building designs [23]. Each green building certification system has a specific application
process, registration fee, number of categories and criteria, and rating system. The relevant details
are included in guidelines, regulations and web resources [24]. There are more than 80 green building
certification systems implemented in different countries around the world [25]. The first major
certification systems have been developed in advanced countries such as the U.S. (LEED), the U.K.
(BREEAM), and Germany (DGNB) [25,26]. Green buildings reduce life cycle costs by approximately
28% compared to conventional buildings [27].

The effects of the COVID-19 pandemic, which showed its first symptoms in 2019, continue today,
and digital diagnosis and treatments gained importance [28]. During the pandemic process, digital
tools such as electronic health records, information management systems, and wearable technologies
have enabled the use of more effective and faster treatment processes in hospitals [28]. Modern
imaging and surgical systems that accelerate diagnosis and treatment are among the indispensable
elements of green healthcare structures [28,29]. For example, sustainable radiology practices are
being developed and integrated into green healthcare facilities. These practices minimize their
environmental impact and increase their energy efficiency.

Kouka et al. [30] examined in their study some globally active green building certification
systems including DGNB (Deutsches Guetsiegel Nachhaltiges Bauen, supported by the German
government and the German Sustainable Building Council), HQE (Haute Qualité Environnementale,
developed in France in 1996 with state support), ITACA (Innovazione e Trasparenza degli Appalti e
la Compatibilita Ambientale, based on life cycle analysis in sustainable building practices in Italy),
and SBTool (Sustainable Building Tool, developed in Germany as an internationally applicable green
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building certification tool) [30]. Kouka et al. [30] assessment has revealed that these green building
certification systems vary greatly from each other and show differences in sustainability
performance. In another study Yoon and Lim [31], examined the Green Mark certification system
developed for conditions in Singapore and G-SEED (Green Standard for Energy and Environmental
Design) developed for conditions in South Korea [31]. Based on their observations, Yoon and Lim
[31] recommended that certification systems for healthcare facilities be designed based on the
geographical and cultural values of the region, rather than directly adopting imported certification
systems. In addition, Yoon and Lim [31] discussed the requirements for healthcare facilities and drew
attention to the importance of patient safety and well-being.

While environmentally friendly building practices have long been adopted and standardized in
advanced countries, developments in developing countries are more recent and diverse [32]. The
rationale for comparing green certification systems for healthcare facilities in advanced and
developing countries is to understand the similarities and differences between green certification
systems for healthcare facilities in radically different socio-economic contexts [33].

When examining sustainable processes in the design and construction of healthcare facilities, it
is observed that significant progress has been made in areas such as energy efficiency and waste
management. For example, improvements made to the boiler room of a 600-bed hospital in Spain
resulted in a 20.3-ton increase in oxygen production and a 23-ton reduction in CO, emissions thanks
to energy-saving measures [34]. Also, the creation of advanced storage areas for the effective disposal
of the large amount of waste generated in hospitals, the training of healthcare staff on waste
management appears to be critical in sustainable healthcare facilities in India.

As stated by Li et al. [35], analyzing existing green building certification systems is important
when developing new and functional systems. Although the number of such comparative studies
has increased in recent years, studies based on comprehensive content analysis are still deficient. This
situation clearly reveals the need for more research to improve existing systems, especially in the
context of green healthcare facilities [35].

The objective of this research is to compare green certification systems for healthcare facilities in
advanced and developing countries based on the categories, criteria, sub-criteria, and scoring
schemes used in these systems. Green building standards are critical for reducing negative
environmental impacts and improving user health, especially in buildings with high energy and
resource consumption such as healthcare facilities [36,37]. Healthcare facilities undergo renovation
cycles at frequent intervals as they are structures that are continuously used by staff and patients.
Healthcare facilities cause greater environmental impacts and generate more waste than other
buildings. Therefore, the design and construction of sustainable healthcare facilities is of great
importance and deserves a detailed certification system that helps to minimize the environmental
impacts of these facilities. Furthermore, establishing standardized methodologies by collecting
measurable environmental performance data throughout the life cycle of these facilities can be a
significant improvement in future practice. The data obtained would be indispensable for ensuring
improved green awareness and more sustainable healthcare facilities [38].

Another aim of this study is to emphasize the critical importance of green healthcare facilities in
the literature and to draw attention to the positive contributions of these facilities to human health,
environmental sustainability, and economic development. The findings of the study are visualized
through graphs and tables. In line with the literature, the necessity of green healthcare facilities and
the value of certification systems have been emphasized. This study is expected to provide an
analytical basis for understanding how regional differences shape the models and the strategies
applicable to designing and constructing sustainable healthcare facilities. Another objective of the
study is to contribute to the dissemination of sustainability principles in the healthcare industry and
to provide a theoretical and methodological basis for future studies.

2. Materials and Method

The methodology used in the study is presented in four stages:
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1. Academic publications, industry-specific reports, and national/international certification
guidelines related to green buildings and healthcare facilities were researched and reviewed. The
method was generally based on a comprehensive literature review, and searches were conducted

a7

through academic databases using keywords such as “green hospitals,” “sustainable healthcare
facilities,” and “green building certification systems.”

2. Four certification systems that are in use in advanced countries (LEED in the U.S.,
BREEAM in the U.K,, Green Star in Australia, and CASBEE in Japan) and four certification systems
that are in use in developing countries (YeS-TR in Turkiye, IGBC in India, GBI in Malaysia, and
GREENSHIP in Indonesia) were selected for use in this study. The reasons why these certifications
systems were selected are presented in Section 3. Quantitative and qualitative data were collected
about these eight certification systems from their official guidelines and relevant scientific
publications. This study provides an analytical basis for understanding how regional differences
shape the models and strategies applicable for sustainable healthcare.

3. The categories, criteria, sub-criteria and scoring systems used in each certification system
were analyzed. The similarities and differences in the eight certification systems developed around
the world were evaluated, and the critical criteria for sustainable healthcare facilities were identified.
The data about these critical criteria were collected from the eight certification systems and visualized
with tables and graphs. The similarities and differences between the systems were compared based
on the most common categories used in the systems, namely “Sustainable Land and Transportation”
(SLT), “Water and Waste Management” (WWM), “Energy Efficiency” (EE), “Materials and Life Cycle
Impact” (MLC), “Indoor Environmental Quality” (IEQ), “Project Management Process” (PMP) and
“Innovation” (IN). It must be noted that certification systems developed under different socio-
cultural and economic conditions in different countries often contain criteria that are unique to the
location, making it difficult to compare these systems. CASBEE's scoring and graphic format,
BREEAM's percentage calculations, GBI's lack of mandatory criteria in its specifications are cases in
point [39-41]. Nevertheless, as stated by Li et al. [35], comparing and analyzing existing green
building certification systems is an important approach for developing new and more functional
systems. In addition, after a content analysis of the categories, criteria, and sub-criteria used in every
certification system, the strengths and weaknesses of each certification system were identified and
discussed in the light of the literature.

4. Based on the findings obtained after the comparisons, specific recommendations were
made for not only healthcare facilities in developing countries but also for the widespread adoption
of sustainable practices on a global scale. Recommendations were shared to increase investor
awareness in this area and increase the number of green healthcare facilities.

3.  Green Certification Systems for Healthcare Facilities

Green building certification systems offer various types of certificates that were developed
specifically for the location and the function of a building, using the values of the country [24]. The
World Green Building Council (WGBC), an umbrella coalition of more than 100 members, aims to
encourage green investments across the world [42]. According to Wu [43], Out of the many
certification systems in the world, LEED, BREEAM, Green Star, and CASBEE are ranked among the
most important ones. Information about the eight green healthcare facility certification systems used
in the study is presented in Table 1 [43]. The selection of the four green certification systems available
in advanced countries was motivated by the large number of citations that these systems received in
the literature. The four advanced countries included in the study (USA, UK, Japan, and Australia)
are represented by long years of institutional experience and internationally recognized certification
systems. In contrast, developing countries such as Turkiye, India, Malaysia, and Indonesia were
selected because they are turning towards green building practices with rapidly increasing
urbanization rates that involve extensive health investments. Different priorities and approaches are
adopted in these countries due to local socio-economic conditions, resource limitations, and
legislative challenges [44].
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Table 1. Green Healthcare Facility Certification Systems [39—41,45-49].
Year of Number
Certificate and Institution/ Countr Launch of Number
. o Last . .
Version Organization y Year Categorie of Criteria
Update S
U.S. Green
LEED for Healthcare  Building
BD+C V4.1 Council UsA 1998 2019 ? 69
(USGBC)
Building
BREEAM Healthcare  Research Englan
1 202 1 2
Veé.1 Establishment d 990 023 0 >
(BRE), UK
Green Star Green Building Austral
Healthcare Design Council, . 2003 2017 9 43
and As Built v1.2 Australia 1@
Japan
CASBEE Hospital Sustainable
2014 Edition Building Japan 2001 2014 6 20
Consortium
Ministry of
Environment,
YeS-TR V1 Urbanization Turkiye 2015 2022 6 23
and Climate
Change, Turkiye
Indian Green
IGBC-Healthcare Building India 2001 2020 7 56
V1.0 .
Council
GREENSHIP New ~ ndonesiaGreen p 4 e
o Building . 2009 2024 6 46
Building V1.2 . sia
Council
Pertubuhan Malavsi
GBI Hospital V1.0 Arhcitect, a:ys 2009 2015 6 51
Malaysia (PAM)

LEED and BREEAM are widely used not only in the U.S. and the U.K,, respectively, but also
around the world [50,51]. LEED and BREEAM include different practical applications and are
updated often to include improvements and technological advances. Indeed, looking at the previous
versions of LEED and BREEAM, it is observed that the weights of the criteria have been changed over
the years [50,51]. In addition, new prerequisites have been established in some categories. Each one
of the eight certification systems has many unique sub-criteria.

As shown in Table 2, comparing certification systems is not easy because each of the eight
certification systems has many unique sub-criteria. While the maximum total score for seven
certification systems ranges from 100 to 110, only CASBEE has a maximum total score calculated out
of 5. While only the Green Star Healthcare certification system has six different assessment levels,
BREEAM and CASBEE have five, and the other certification systems have only four.

Table 2. Scoring Systems of Green Healthcare Facility Certification Systems [39—41,46—49,52].

Green Certification Scoring Systems

Systems for
Healthcare Facilities

Total
Score

Standard

Level 1
eve Level

Level 2 Level 3 Levels 4 -5
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LEED-Healthcare Platinum . Certified 40-
BD+C V4.1 >80 Gold 60-79 Silver 50-59 - 49 110
BREEAM- Outstanding > Excellent > Very good >
>45% >30%
Healthcare V6.1 85% 70% 55% Good245%  Pass=30% 100
Good practice
Green Star- Excellent Best practice (3 stars) .
>
Healthcare Design W;’;Iélse;(j:; B 60-74 (5 45-59 Average Poor Flr)actlce 110
and As Built v1.2 stars) (4 stars) practice 2
stars)

ASBEE- Excell
EI S ital 2014 Z/EEXEE er:; A, Very good B+, Good B-, Fairly Poor C, Poor 5

opra =4 BEE 1.5-3 BEE 1-1.5 BEE 0.5-1.0 BEE <0.5
Edition Q>50

National Very good Good Pass

YeS-TR V1 - 110

€ superiority 75 55-74 40-54 32-39
IGBC-Healthcare Platinum 80- . Certified 50-
V10 100 Gold 70 -79 Silver 60-69 - 59 100
Greenship New Platinum 74- . Bronze
Building V1.2 101 Gold 58-73 Silver 48-57 - 35.47 101
GBI-Hospital V1.0 Platinum>86  Gold 76-85 Silver 66-75 - Cemfg;d 0 100

The increase in healthcare costs after the COVID-19 pandemic has accelerated investments in
healthcare facilities and the European Green Deal aimed to reduce greenhouse gas emissions by 55%
by 2030 and eliminate negative environmental factors by 2050 [30]. In some countries, there are
various requirements according to the size of the healthcare facilities. For example, in Turkiye,
according to the regulations issued by the Ministry of Health in 2012, all hospital buildings with 200
beds or more must have a LEED Gold or Platinum Certificate [53].

It was seen in the literature review that although there are many comparative studies on green
building certification systems, only few analyze these systems in detail, especially in the context of
healthcare facilities. This deficiency points to an important gap about the critical role of sustainability
in healthcare facilities even though healthcare facilities are quite different from other buildings
because they provide uninterrupted service, have high user density and high energy demand. Green
building certification systems need to have sustainability criteria that are specific to healthcare
facilities. For example, due to the large size of the land they occupy and the large size of the buildings,
healthcare facilities require a significant level of irrigation outdoors, while indoors, the use of water
with predetermined temperatures for medical devices and sterilization processes is mandatory [25].
These findings reveal that designing and constructing green healthcare facilities provides not only
environmental but also human benefits. Therefore, the certification systems used in the design and
construction of green healthcare facilities should be evaluated in detail, the environmental impacts
of healthcare facilities should be measured, the contribution of healthcare facilities to user health and
to enhancing resource efficiency should be considered. In this study, eight leading green certification
systems for healthcare facilities including LEED-Healthcare BD+C V4.1, BREEAM Healthcare V6.1,
Green Star Healthcare Design and As Built v1.2, CASBEE Hospital 2014 Edition, YeS-TR V1, IGBC
Healthcare V1.0, Greenship New Building V1.2, and GBI Hospital V1.0 are examined.

3.1. LEED-Healthcare BD+C V4.1

LEED was developed by the United States Green Building Council (USGBC) in 1993 for use in
designing and constructing green buildings [50]. LEED is a non-profit organization with no U.S.
government affiliation. The LEED Green Building Certification System is the most widely used
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certification system in the world. It has been used in numerous projects of different types.
Considering the unique needs of healthcare facility projects compared to other building types, the
USGBC has designed the “LEED-Healthcare” certification system to meet healthcare-specific
requirements such as climate control tailored to the space with advanced equipment and 24/7
professional monitoring. As of September 2024, there were approximately 4,000 LEED-Healthcare
certified projects worldwide [50]. LEED-Healthcare-certified medical campuses total 86 million
square meters. The Healthcare version was first introduced in LEED v3 and was finalized in LEED
v4 by increasing the number of certification categories and redesigning the scoring process to be
performance-oriented rather than prescriptive. LEED-Healthcare covers details specific to healthcare
systems such as smoke controls, cleaning strategies, and asbestos monitoring [54].

3.2. BREEAM-Healthcare V6.1

The full name of the certification system designed by the Building Research Establishment (BRE)
in the U.K. is Building Research Establishment Environmental Assessment Methodology (BREEAM)
[51]. The first green building certification system in the world was developed by BRE. More than 1
million buildings have been certified since its introduction in 1990 [51]. The BREEAM-Healthcare
certification system was used in certifying over 1,000 healthcare buildings, starting in 2008. Updates
were made in the following years, including on its scoring system [51]. BREEAM-Healthcare has
specialized versions for specialist hospitals, general hospitals, mental health centers, operating
rooms, and clinics [40].

3.3. Green Star - Healthcare Design and As Built v1.2

The Green Star certification system was developed by the Green Building Council Australia in
2003. With over 5,500 certified projects for all building types since then, Green Star has over 650
members and more than 26 million square meters of certified space [55]. The potential number of
people served by the built areas certified by Green Star exceeds 800,000. Green Star certifies 20
different functions, including homes, plazas, educational buildings, offices, and healthcare facilities.
In collaboration with academic researchers and government institutions, Green Building Council
Australia also provides green building training courses to promote professional development in
green design and construction. The Green Star - Healthcare Design and As Built v1 guide was first
published in June 2009 [56]. Cardno, a global infrastructure services company that operates in the 6-
Star Green Star certified Green Square Tower North in Brisbane, Australia was relocated from a 4,500
m? office to a larger 7,800 m? space resulting in a reduction of monthly energy costs from
approximately $12,000 to $8,000. This case illustrates that green building practices yield not only
environmental benefits but also substantial economic advantages [56].

3.4. CASBEE-Hospital 2014 Edition

CASBEE was first introduced in 2001 with the support of the Japan Sustainable Building
Consortium (JSBC) and provides sustainability advice through nine different checklists and more
than 20 tools [41]. Developed in response to frequent natural disasters in Japan, the system is
designed to provide solutions against potential threats [41]. As seen in Table 2, while a scoring
scheme of 100-110 is used in other certification systems, a 5-point system is used in CASBEE.
CASBEE’s scoring process is not as straightforward and clear as in other certification systems. So,
Kotesli [58], had to convert this 5-point scoring system to a 100-point scoring system to be able to
compare CASBEE with other certificate systems [58].

3.5. YeS-TR V1

YeS-TR was developed by the Ministry of Environment, Urbanization and Climate Change of
Turkiye (MEUCC), not by voluntary non-government institutions like in other countries. YeS-TR
stands for “Yesil Sertifika (Green Certificate) — Turkiye” [59]. The Turkish Ministry of Environment,
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Urbanization and Climate Change announced that the YeS-TR certificate will be mandatory after 2026
for public building projects with a surface area exceeding 10,000 m2. There are currently no healthcare
facilities in Turkiye with YeS-TR certification, and it is expected that newly constructed healthcare
facilities will be certified by YeS-TR [59].

3.6. IGBC-Healthcare V1.0

The Indian Green Building Council (IGBC) was established by the Confederation of Indian
Industry in 2001 [60]. Since then, IGBC has certified over 5,800 construction projects in India. These
projects include numerous healthcare facilities, including healthcare centers, clinics, and hospitals
[60]. Green healthcare strategies were defined by IGBC, and a certification guide was created by a
committee composed of architects, engineers, and healthcare professionals. Environmentally friendly
actions were recommended during the design and construction processes. Special emphasis was
placed on the extensive use of copper, because copper reduces the amount of pollutants in relaxation
areas near windows and landscaping elements, and because copper-containing products hold fewer
microbes. Recycled material preferences, automatic solid waste management systems, and pollution
management are also included in the IGBC certification criteria [47,60].

3.7. GREENSHIP New Building V1.2

The GREENSHIP certification system was established by Green Building Council Indonesia
(GBCI), a non-profit civil society organization. GREENSHIP is a long-standing member of the World
Green Building Council and is the largest recognized green building certification program in
Indonesia. The certification aims to raise awareness in the community about sustainability by
enabling green transformations in the construction sector.

Furthermore, cooperation is pursued with real estate developers, expert engineers, professional
associations, and official institutions to increase the use of the GREENSHIP certification system [48].
GREENSHIP has provisions for healthcare buildings, but there is no specific version for healthcare
facilities [62].

3.8. GBI-Hospital V1.0

The Green Building Index (GBI), Malaysia's first comprehensive green building certification
system, was developed by the Malaysian Institute of Architects and the Malaysian Association of
Consulting Engineers based on Australia's Green Star Certification System to promote sustainable
development. The certification criteria were designed for Malaysia's tropical climate, and for cultural
and social needs in mind [49]. There are 753 certified buildings in Malaysia, 469 of which are located
in Kuala Lumpur and Selangor states [63]. The certification system that was specifically designed for
hospitals was developed in collaboration with the Malaysian Ministry of Health and Health Technical
Services [52,63].

According to the information in Table 3, energy use and efficiency is a priority category in many
green healthcare facility certification systems. The percentages cited in the next and succeeding
sentences refer to the categories’ shares in the scoring system. LEED (39%), GBI (35%), YeS-TR (27%),
IGBC (23%), and GREENSHIP (25%) have high weights allocated to energy use and efficiency. Water
management and efficiency is another important category that stands out especially in IGBC (29%),
GREENSHIP (26%) and YeS-TR (19%) certifications. Indoor environmental quality and patient health
criteria are also critical in many certification systems, with BREEAM (14%), Green Star (18%), GBI
(21%) and IGBC (23%) at the top of the list. On the other hand, the categories innovation and
sustainable building are considered in many certification systems but are generally assessed with a
weight between 5-10%. In conclusion, the differences between certification systems vary according to
the environmental priorities and sustainability policies of the countries in question. This finding
makes sense because the conditions in each country are different and so are the emphases on each
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category. For example, it is not surprising that the energy use and efficiency category enjoys a high
priority in Turkiye where natural oil reserves are extremely limited.

Table 3. Maximum Category Scores and Weights in Green Certification Systems for Healthcare Facilities [39-

41,45-49].
Certification System Category Maximum Score  Weights
Location and transportation 20 14%
Water efficiency 11 8%
Energy and atmosphere 55 39%
Sustainable sites 9 6%
LEED-Healthcare BD+C V4.1 Materials and resources 19 14%
Indoor environmental quality 16 11%
Regional priority credits 4 3%
Innovation 6 4%
Integrative process credits 1 1%
Transport 12 8%
Water 9 6%
Energy 31 20%
Land use and ecology 13 8%
BREEAM-Healthcare V6.1 Materials 14 9%
Management 20 13%
Health and wellbeing 21 14%
Waste 10 7%
Pollution 12 8%
Innovation 10 7%
Transport 7 6%
Water 12 11%
Energy 24 22%
Land Use 8 7%
Green Star-Healthcare Materials 17 16%
Design and As Built v1.2 Management 9 8%
Indoor environmental quality 20 18%
Emissions 3 3%
Innovation 10 9%
Indoor environment 1.40 19%
Quality of service 0.96 13%
CASBEE-Hospital Outdoor environment on-site and off-site environment 2.07 29%
2014 Edition Energy 1.80 25%
Resources and materials 0.96 11%
Water Resources 0.20 3%
Water and waste management 21 19%
Energy use and efficiency 30 27%
YeS-TR V1 Building materials and life cycle 16 15%
Indoor environmental quality 20 18%
Integrated  building design, construction, and 13 12%
management
Innovation and building 10 9%
Water conservation 15 15%
Energy efficiency 23 23%
Building materials and resources 9 9%
IGBC-Healthcare V1.0 Indoor environmental quality and wellbeing 23 23%
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Site selection and planning 11 11%
Innovation in design process 5 5%
Sanitation and hygiene 14 14%
Water conservation 21 21%
Energy efficiency and conservation 26 25%
GREENSHIP New Building Material resources and cycle 14 14%
V12 Indoor health and comfort 10 10%
Appropriate site development 17 17%
Building environmental management 13 13%
Energy efficiency 35 35%
Indoor environmental quality 21 21%
Sustainable site planning and management 16 16%
GBI-Hospital V1.0 Material and resources 11 11%
Water efficiency 10 10%
Innovation 7 7%

4. Results and Discussion

In general, although some categories listed in Table 3 differ from one certification system to
another, the categories represent similar interests. However, it must be noted that sometimes similar
criteria are used in different categories. For example, in GREEN STAR and GBI, the “rainwater
harvesting” criterion is included in the “water efficiency” category, while in LEED, the “rainwater
storage” criterion is included in the “sustainable sites” category. Nevertheless, a comparison of the
eight certification systems showed that most of the categories in almost every certification system

V77 VTR V7 7i JZ7] Vi

involve “energy”, “water”, “indoor environmental quality”, “materials”, “waste”, “transport”, and
“sustainable land selection”. Finally, the most evaluated categories were: “Sustainable Land and
Transportation” (SLT), “Water and Waste Management” (WWM), “Energy Efficiency” (EE),
“Materials and Life Cycle Impact” (MLC), “Indoor Environmental Quality” (IEQ), “Project
Management Process” (PMP) and “Innovation” (IN). The “project management process” and the
“innovation” categories are usually presented as an additional category in some certification systems.
The comparisons are shown in Tables 4-10.

LEED and BREEAM are available in many countries worldwide for rating buildings, including
healthcare facilities [39,40]. Except for CASBEE, the other seven certification systems have some
mandatory prerequisites, as shown in Tables 4-10. Prerequisites are environmentally friendly
requirements that contribute to sustainability efforts but do not have a direct impact on the rating
score.

4.1. Sustainable Land and Transport

The “Sustainable Land and Transport” category encompasses strategies for identifying the
appropriate project site, sustainable planning of transport alternatives, and ecosystem protection to
minimize the environmental impacts of healthcare facilities [64,65]. This category has a broad
perspective ranging from accessibility, functional use of land, heat island and climate impacts, public
transport facilities, cycling infrastructure, to green vehicle practices. As seen in Table 4, in this
category, different approaches are adopted in different certification systems.

In the LEED system, actions taken to prevent environmental pollution from construction
processes and optimize site layout are in line with sustainable development models. Green Star
prioritizes the protection of endangered species, allowing biodiversity to be integrated with
sustainable urbanism practices [66].

From the perspective of developing countries, IGBC's emphasis on local building codes and
safety compliance shows the importance of integrating the regional regulatory framework into the
certification criteria [67]. The fact that GREENSHIP requires a core green space module points out to
the critical role of green spaces in urban planning processes [68].
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Moreover, the emphasis that the GBI certification system places on green roof applications is in
line with global trends towards the mainstreaming of green infrastructure solutions at the building
scale [69]. With the exception of YeS-TR, all other certification systems have sub-criteria for the
sustainable land and transport category. LEED emphasizes direct outdoor access and recreational
areas, while BREEAM focuses on ecological maintenance and repairs. CASBEE's criteria for
landscape and biotope conservation reflect an understanding parallel to sustainable urbanism
approaches [70]. GREENSHIP's requirement to collect green building data through building user
surveys is conducive to improve user experience [71].

Ultimately, systems such as LEED and BREEAM focus on transport infrastructure, while
CASBEE and GREENSHIP include broader ecological sustainability measures. YeS-TR and GBI place
more emphasis on country-specific requirements such as compliance with local building codes and
site management. These differences are shaped by countries' climate policies and sustainability
priorities. A more comprehensive implementation of sustainable land and transport practices in
developing countries may reduce the environmental impacts of healthcare facilities in these
countries.

The “Sustainable Land and Transportation” category encompasses general sustainability criteria
that focus on core values such as green vehicles, bicycle parking areas, quality public transportation
access, and heat island reduction. When these criteria, typically seen in most green building
certification systems, are evaluated in the context of healthcare facilities, they have been found to be
deficient in covering critical healthcare facility-specific issues such as uninterrupted access for
emergency vehicles and special access for disabled patients
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LEED-Healthcare BD+C
AN 1§

BREEAM-Healthcare
Ve.1

Green Star-Healthcare
v1l.2

CASBEE-Hospital
2014 Edition

YeS-
TR
Vi1

IGBC-Healthcare
V1.0

GREENSHIP New
Building V1.2

GBI-Hospital V1.0

Category

Prerequisites

Criteria

¢ Location and transportation
e Sustainable sites
¢ Regional priority credits

Prevention of pollution
from construction activities,
Environmental site
assessment

Location and
transportation:

LEED for neighborhood
development location,

Sensitive land protection,
High

Environmental

priority site,
intensity
and diverse uses, Access to
quality public
transportation, Cycling
facilities, Reduced parking
space, Green vehicles
Sustainable sites

Site evaluation, Protecting
or restoring habitat, Open
heat

Reducing light pollution,

space, The island,
Resting places, Direct access
to outside

Regional priority credits:
Indoor air quality,
Environmental  intensity

and diverse uses, Access to

e Transport
¢ Land use and ecology

Transport:

Transport  assessment
and travel plan,
Sustainable transport
measures,

Land use and ecology:
Location selection,
Ecological risks and
opportunities, Managing
impacts on ecology,
Ecological change and
improvement, Ecological
management and

maintenance

e Transport
e Land use

Endangered,
threatened or
vulnerable species

Transport:
Sustainable transport

Land use:
Ecological value,
Sustainable sites, Heat

island effect

® Q3-outdoor
environment on site

o L3-off-site
environment

Q3:

Preservation and
creation of biotope,
Townscape and
landscape, Local
characteristics  and

outdoor amenities

L3:

Consideration of
global warming,
Consideration of
local environment,
Consideration of
surrounding
environment

o Site selection and
e planning

Local  building
regulations and
safety
compliance, Soil
erosion control

Integrated design
process, Passive
architecture,
Value added
services,
Proximity to
public transport,
Low-emitting
Heat
island reduction

vehicles,

(non-roof), Heat
island reduction,
Outdoor
pollution

(roof),
light
reduction,
Universal design,
Basic facilities for
construction
workforce

¢ Building environmental
management

¢ Developing
space

suitable

Basic green area

Building environmental

management:

Having a GREENSHIP

expert, Pollution from

activity,
waste

construction
Advanced

management, Good and
correct commissioning,
Presenting green
building data, Hardware

agreement, Building user

survey

Developing suitable
space:

Site selection,

Community accessibility,
Public
Bicycle

transportation,
facilities, Site
landscaping,
Microclimate

e Sustainable site
e planning and
* management

Site selection,
Brownfield
redevelopment,
Development
density and,
Community
connectivity,
Environmental
management,
Earthworks -
construction,
Pollution control,
Quality
assessment
Workers’
site amenities,
Public

transportation

system,

access, Green

vehicle  priority,
Parking capacity,
Greenery and roof,

Building user
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4.2. Water and Waste Management

Effective use of water and reducing environmental pollution are the main objectives in the
“Water and Pollution Management” category. Water saving and efficient water management are the
common criteria in all green building certification systems [72,73]. A comparative overview of the
eight green healthcare facility certification systems with respect to the “Water and Waste
Management” category is presented in Table 5.

The existence of prerequisites for monitoring and measuring water consumption in LEED,
GREENSHIP, YeS-TR, and IGBC indicates that these certification systems adopt a holistic and data-
based approach. However, IGBC's requirement for rainwater storage and water-saving faucets
demonstrates that this system takes a stricter and clearer stance on the conservation of water
resources [60]. This situation shows the importance of using different criteria based on local
conditions especially in water-scarce countries such as India where the environmental conditions are
radically different than the conditions in advanced countries and where sustainability goals should
address the local conditions [74]. On the other hand, the fact that BREEAM and GREEN STAR include
comprehensive criteria for pollution management and that these criteria are diversified in different
dimensions such as light, noise, and microbial control shows that a more detailed and comprehensive
environmental understanding is adopted in these systems.

The fact that drinking water consumption is addressed with microbial control criteria in GREEN
STAR makes a significant contribution to the protection of public health [55]. Similarly, the fact that
BREEAM addresses environmental issues such as noise pollution and surface water runoff in detail
reflects the rigor and environmental sensitivity of European-based certificate systems [40]. In
conclusion, although the general objectives related to water consumption and pollution management
are similar in the eight certification systems, differences in implementation are noteworthy. In
addition to the stricter practices of IGBC, the global adoption of BREEAM and GREEN STAR's
comprehensive approaches to environmental pollution is important in terms of increasing awareness
of sustainability. CASBEE, on the other hand, offers a different certification approach by linking
resource management and water use.

The criteria in the “water and waste management” category effectively promote values such as
pollution control and water supply efficiency. The criteria mentioned are seen not only in green
healthcare facilities but also in other green buildings. This situation may be inadequate for healthcare
facility designers and operators. Among the key findings, water treatment systems specific to the
many pathogens found in hospital environments, clinical risk management systems, and infection
control are among the criteria that will enable fundamental improvements in healthcare facilities
across all green certification systems.
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Table 5. Comparison of the “water and waste management” categories in eight green healthcare facility certification systems.

GREEN
LEED BREEAM CASBEE YeS-TR IGBC GREENSHIP GBI
STAR
¢ Water saving
o Water e Water and ¢ Building o Water efficiency
efficiency o Water o Water o Water waste environmental e Sustainable site
Category e Water conservation
e Sustainable e Pollution e Emissions resources management management planning and
sites ¢ Developing management
suitable space
. Monitoring Rainwater harvesting, roof
Reducing
and and non-roof
outdoor water . . .
. recording Water efficient plumbing Water
use Light !
. . . water use fixtures measurement
Prerequisite Reducing pollution to . . .
. - . . with meters Municipal solid waste Water account
s indoor  water neighboring . .
bodi Preparation management, post-occupancy Basic waste
use odies
. of waste Bio-medical waste management
Building-level
. management management, floor and
water metering .
plan centralized level
Water: .
Water saving:
Water Water .
. . . Reducing  water .
efficiency: consumption, o Water efficiency:
. use, Water fittings, . .
Cooling tower Water Potable . Rainwater harvesting
. Water recycling, .
water  usage, monitoring, water . Water recycling
. . . Alternative water .
Water Water leak consumptio Rainwater harvesting, roof Water efficient
sources, . .
measurement detection  and n, Storm and non-roof, Water efficient . irrigation/landscaping
. . X Water . . Rainwater storage, . o
Reducing prevention, water, Light Water plumbing fixtures, Landscape . Water efficient fittings
. . . management . Water efficiency .
Criteria outdoor water Water-saving pollution to resources Wast design,  Management  of land ) Metering and leak
. , aste o andscapin; .
use, Reducing equipment night  sky, irrigation  systems, Waste [ ping detection system
. . - . management Building . .
indoor water Pollution: Microbial water treatment and reuse, i Sustainable site
. environmental .
use Effect of control, water metering planning and
. . . management:
Sustainable refrigerants, Nox  Refrigerant management:
. . . Advanced waste .
sites: emissions, impact Storm water design
. management
Rainwater Surface water R
. Developing
management runoff, Reducing

light pollution at

suitable space
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night, Reducing Rainwater
noise pollution management
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4.3. Energy Efficiency

Energy management is at the center of sustainability strategies and is addressed in detail in all
green building certification systems. The “energy efficiency” category generally involves renewable
energy use, reduction of greenhouse gas emissions, refrigerant management, and the commissioning
processes [75]. For a comparison of the systems, see Table 6. In YeS-TR, energy systems are designed
based on the national "Regulation on Energy Performance in Buildings" and reflects local conditions
[46]. YeS-TR provides a more specific structure compared to the other certification systems, enabling
better evaluation. LEED is designed to evaluate energy management by measuring the degree of
adherence to five basic requirements: optimizing energy performance, measuring energy
consumption, managing refrigerants, basic commissioning, and verification processes [76]. These
requirements aim to ensure that energy consumption is systematically measured and effectively
managed so that the performance of sustainable buildings remains consistently high.

The fact that YeS-TR does not emphasize commissioning processes can be considered as a
deficiency compared to the other certification systems even though according to Kubba [72],
advanced commissioning processes are critical elements that guarantee the long-term performance
and sustainability of building energy systems. The criteria of “using renewable energy sources”,
“increasing energy efficiency”, and “reducing greenhouse gas emissions”, which are common to all
green building certification systems, constitute the cornerstones of global sustainability goals. In sum,
all certification systems reflect universal standards and offer a common perspective in the fight
against global climate change. LEED's and GREEN STAR’s detailed criteria for refrigerant
management are important in protecting the ozone layer and preventing global warming [55].

Advanced commissioning systems are indispensable for continuous monitoring and
improvement of energy consumption. It is frequently emphasized in the literature that these systems
should be included in all certification systems [77]. In general, LEED, BREEAM, and Green Star focus
on engineering solutions for energy efficiency and reduction of carbon emissions, while certificate
systems such as CASBEE, YeS-TR, IGBC, and GREENSHIP attach more importance to building
design, natural resource utilization, and renewable energy integration. GBI aims to optimize energy
consumption with an emphasis on energy metering and building management systems.

The “Energy Efficiency” category demonstrates the most mature alignment with green building
standards, while also focusing on renewable energy sources, emissions, and commissioning, making
it similar to general green buildings. For designers, this approach is satisfactory only in terms of
reducing overall consumption, but it has been found to be insufficient in meeting indisputable needs
such as uninterruptible power supply, redundancy for emergencies, and energy resilience during
disasters.
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Table 6. Comparison of the “energy efficiency” categories in eight green healthcare facility certification systems.
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GREEN
LEED BREEAM CASBEE YeS-TR IGBC GREENSHIP GBI
STAR
¢ Energy use and e Energy efficiency
Category ¢ Energy and atmosphere ¢ Energy ¢ Energy ¢ Energy ¢ Energy efficiency e Energy efficiency
efficiency and conservation
Bas.u:. c<.)mm1ss1onn.1g. and Energy Ozone depleting substances,
verification, Minimum Electric
energy performance, performance Minimum energy efficiency,
adi submetering,
Prerequisites Building  level energy class of at least Commissioning plan for
measurement, Basic Thermal transfer
refrigerant management, “b” level. building equipment and
Minimum energy value calculation
systems
performance
Reducing energy Minimum energy
use and carbon efficiency
emissions, performance
Advanced commissioning, Energy Building lighting  zoning,
Eco-friendly  refrigerants,
Advanced energy metering, monitoring  (a), thermal load, Electrical sub-
Greenhous Enhanced energy Energy efficiency
Request response, Outdoor Natural energy metering,
e gas Building energy efficiency, On -site measures,
Renewable energy lighting, Low utilization, Renewable
emissions, performance, renewable energy, Off-site Natural lighting,
production, Advanced carbon  design, Efficiency in energy, Advanced
Criteria Peak Renewable renewable energy, Ventilation,
coolant management, Green Energy efficient o building o ] energy efficiency
electricity energy Commissioning of Climate change
power and carbon offsets, cold storage, service system, performance,
demand technologies equipment and systems, impact, On site
Optimize energy Energy efficient . Efficient . Enhanced
o reduction ) Energy = metering  and renewable energy
performance, Optimize transportation operation commissioning,
management
energy performance systems, Energy Post  occupancy
efficient commissioning,
laboratory Energy
systems, Energy verification,
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4.4. Materials and Resources

“Materials and Resources” is one of the basic categories in green building certification systems.
It involves the recovery and reuse of materials and aims to reduce the environmental impact of the
building construction industry. Although the “Materials and Resources” category is shaped around
common objectives in different green building certification systems, the criteria developed for this
category have significant differences [72]. A comparison of the eight green certification systems for
healthcare facilities with respect to the “Materials and Resources” category is presented in Table 7.

LEED sets stricter prerequisites in waste management compared to the other certification
systems and includes detailed procedures such as separation of recyclable waste and waste control
in construction/demolition processes [76]. YeS-TR has strong criteria for the use of sustainable
materials even though these criteria are not as strict as the LEED prerequisites [46].

IGBC encourages particularly the selection of certified wood and prefabricated materials to
ensure efficiency in material use and reduced waste [47]. In addition, the LEED criteria for the
reduction of toxic substances such as lead, mercury, and cadmium directly support user health [72].
The fact that BREEAM encourages the use of recycled aggregates contributes to resource efficiency
by supporting the reuse of waste, especially in urban transformation and infrastructure projects [40].
GREENSHIP's criteria, which emphasize certified wood are vital for the conservation of tropical
forests and the protection of biodiversity and aim to reduce the environmental impact of the selected
materials [48].

In general, LEED, BREEAM and Green Star focus on the use of sustainable materials in
construction processes and waste management, while in CASBEE, YeS-TR and GREENSHIP, more
weight is assigned to criteria with low environmental impact, recyclable systems, and increased use
of local resources. Attention to ecological product certifications and the use of environmentally
friendly materials are encouraged in GBI and IGBC. These differences are shaped by the sustainability
priorities and regional building policies in each country.

The “Materials and Resources” category for healthcare facilities is similar to the same category
for general green buildings. The lack of criteria specific to healthcare facilities indicate that it needs
improvements and additions to fully meet the expectations of healthcare facility investors. The
findings in this category highlight the need for a tailor-made green certification system that firmly
places healthcare-specific life cycle issues at the center of the “Material and Resources” category, from
the supply of durable, cleanable surfaces to the safe disposal of medical waste.
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Table 7. Comparison of the “materials and resources” categories in eight green healthcare facility certification systems.
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GREEN
LEED BREEAM STAR CASBEE YeS-TR IGBC GREENSHIP GBI
. ® Resources ol . o Buildin ¢ Material .
. ® Materials . ¢ Building materials ng e Materials and
Category ® Materials and resources * Materials and . materials and sources  and
* Waste . and life cycle resources
materials resources cycles
Storage and collection of
recyclable waste, Construction Volatile  organic Handling  of
. and demolition waste compound waste .
Prerequisite ; emission level : Basic
s management planning, - - - materials, refrigerant
Reduction  of  persistent Dangerous during 8
bioaccumulative  toxins - radiation release construction
mercury
Materials:
Life cycle impacts, L | & . Materials reuse
ife cycle euse o :
Environmental y o and selection
. I p assessment  and buildings and
: ; : impacts rom
Reducing life cycle impact, p ' environmental materials Recycled
Building product description ~ construction Life cycle product Sustainable content
PN roducts, 35 Environmental :
and optimization, Product P ’ . impacts Reducing declaration building ' materials
description and optimization, Responsible sourcing usage of non- materials ly friendly Regional
qdi o of construction  Sustainabl Health roduct rocessed eglona
Building product description ducts. Desiened buildi renewable dedl }; P Certified green P terial materials
mizati ; roducts, Designe e buildin eclaration materia
and optimization, Reduction of ? — g . - g resouUrces building
: ; ; or durability an materials :
Criteria persistent  bioaccumulative osibilit l\illt . Avoiding th Responsible materials Use of non- Sustainable
; ; exibility, ateria . voiding the . ' ;
toxins - lead, cadmium and o y Sustainabl & sourcing products and ozone timber
copper, Furniture and medical ~ efficiency use of :
’ e products ; ; equipment depleting Storage and
upholster Desi for materials Local sourcing quip 8
P Y gn Waste: Constructi ith substances collection  of
bili onstructi wi :
flexibility, ~Management of Construction waste Use of reused, Eco-friendly N recyclables
construction and demolition management, Zn 1':nd polltutatnt reclaimed or furniture and Certified wood
: : emolition conten : :
waste, Reduction of persistent Recycled aggregates, ) recyclable medical Prefabricated Construction
. . . waste .
bioaccumulative  toxins - Operational ~ waste, materials furnishing material waste
mercury Adaptation to . management
limat h Use of durable Regional
climate change, . . :
. 8 materials material Refrigerants
Functional and clean agents
adaptability
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4.5. Indoor Environmental Quality

The ‘Indoor Environmental Quality’ category directly affects the health and comfort of building
users and is addressed by various criteria in different certification systems. It is shaped by criteria
such as thermal comfort, acoustic performance, indoor air quality, daylight, and tobacco smoke
control that are directly related to human health [78]. Information about the eight green certification
systems for healthcare facilities with respect to the “Indoor Environmental Quality” category is
presented in Table 8.

The inclusion of tobacco smoke control as a prerequisite in the LEED and IGBC systems points
out a strong emphasis on the protection of user health and shows commitment to ensuring clean air
quality [47,76]. On the other hand, GBI includes criteria such as mold prevention, the use of high-
frequency ballast, occupancy comfort surveys, i.e., innovative practices that can maximize the health
and indoor comfort of building users [49]. The IGBC system is patient-oriented and differs from the
other systems on its emphasis on healing gardens, color psychology, and spatial design criteria,
especially designed for patients [47]. It creates healing environments in healthcare facilities,
accelerates the recovery time of patients, and increases patient satisfaction. YeS-TR, on the other
hand, has an approach that includes only basic criteria including indoor air quality, daylight, and
thermal comfort relative to local conditions [46]. The fact that YeS-TR does not include additional
criteria suggests that there is potential for improvement in Yes-TR and possibly other certification
systems currently used in developing countries.

While LEED, BREEAM, and Green Star offer technical criteria to assess air quality, lighting, and
thermal comfort, IGBC and GREENSHIP pursue psychological and ergonomic design solutions that
support patient health. YeS-TR and GBI focus on measurable criteria including efficiency of air
exchange, management of fresh air intake, and design for acoustic comfort. All systems aim to
support patient recovery processes by improving the indoor environmental quality in healthcare
facilities, to improve patient recovery times, and to enable healthcare professionals to work in an
environment that can improve their performance. The information in this sub-section indicates that
the criteria used to assess “indoor environmental quality” in green certification systems for healthcare
facilities should include not only quantitative but also qualitative criteria.

While systems such as LEED and GBI provide a solid framework for indoor environmental
quality in terms of air quality and thermal comfort, these criteria largely serve as a sophisticated patch
applied to an office building model rather than a system specifically designed for patient outcomes.
Criteria should also include clinical design considerations that reduce patient stress and lower
infection rates. For example, principles such as specific acoustic levels for patient rest or access to
nature for psychological healing are only partially accepted by IGBC. Therefore, the contents of
current green certification systems convincingly demonstrate the need for independent green
certification systems where the “Indoor Environmental Quality” criteria are developed uniquely
around clinical evidence and patient recovery metrics, not just user comfort.
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Table 8. Comparison of the “indoor environmental quality” categories in eight green healthcare facility certification systems.

GREEN GREENS
LEED BREEAM CASBEE YeS-TR IGBC GBI
STAR HIP
e Indoor « Health and e Indoor e Indoor e Indoor environmental e Indoor e Indoor
Category environmental wellbein environment Environmen e Indoor environment quality quality and wellbeing health and environmental
quality 8 al quality t e Sanitization and hygiene comfort quality
Ensuring the level of
illumination, Ensuri
Minimum indoor air Minimum ! urfuna 1o, . . nSUrng
. o luminance uniformity, Thermal . . Outdoor
. quality performance, lighting . . . Minimum fresh air .
Prerequi . dissatisfaction percentage and L air
. Environmental - comfort, - . ventilation, Tobacco smoke . . -
sites average  thermal  sensation introductio
tobacco smoke Glare Lo . . control
trol ducti indicator to be in ts-en-iso-7730 n
contro reduction
standard, Providing fresh air
intake in TS en-15251 standard
Indoor environmental . .
. . Minimum indoor
quality and wellbeing;: . .
Day lit spaces, Connectivity o quality,
y paces, Tobacco  smoke
to nature, Green open spaces, Co2
. ) . L control, CO2
. . . Patient-centric healing monitoring .
Advanced indoor air Visual 4 Col hol Envi monitoring and
arden, Color psychology, nvironme
quality strategies, comfort, Indoor air ic stics psy 4 S,gy tal control, Indoor
ou esign, nta .
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4.6. Project Management Process

The “Project Management Process” category is defined by a wide range of criteria including
ensuring environmental sustainability throughout the project, including integrated design, planning,
commissioning, operating, and maintenance processes [72]. The absence of criteria or prerequisites
directly addressing the project management process in the GBI, IGBC, and GREENSHIP systems
reveals that these systems focus on technical elements such as energy, materials, or indoor air quality
rather than project management. However, the “integrated planning” prerequisite in LEED aims to
ensure the coordination of project stakeholders in the design and construction processes and plays a
key role in achieving sustainability goals [76]. In addition, Green Star includes criteria such as
environmental performance targets, use of accredited personnel, and environmental management
processes, indicating that comprehensive management and monitoring processes are in place [55]. In
BREEAM, it is important that commissioning processes, maintenance, and construction practices are
specifically included, emphasizing that the project management process is important not only in the
design and construction phases but also in the operation phase, thus ensuring a building performance
that is sustainable throughout a healthcare facility’s life cycle [40]. The emphasis on service, function,
durability, reliability, and adaptability criteria in CASBEE shows that it is aimed to increase structural
resilience against natural disasters and climate crises that Japan frequently experiences [57]. In
particular, criteria that address project teams, project scope, stakeholder engagement, and
occupational health and safety practices have the potential to improve sustainability performance in
the construction industry in Turkiye [46]. Unlike the other certification systems, YeS-TR has a detailed
and localized approach to project management. Information about the eight green certification
systems for healthcare facilities with respect to the “Indoor Environmental Quality” category is
presented in Table 9.

The eight green certification systems for healthcare facilities involve different approaches in to
the “Project Management Process” category. LEED and Green Star's criteria for process management
and environmental performance, BREEAM's coverage of commissioning and maintenance,
CASBEE's focus on resilience and adaptation, and YeS-TR's prioritization of project scope and
stakeholder engagement offer complementary perspectives for effectively managing the entire life
cycle of sustainable healthcare facilities. GBI, IGBC and GREENSHIP certificates do not have a
category directly related to the project management but include some guidance on sustainable
building management.

The findings in the "Project Management Process" category reveal the most profound disconnect
between generic certification frameworks and the complex reality of delivering a healthcare facility.
The absence of this category in systems like GBI, IGBC, and GREENSHIP is not a minor omission but
a fundamental flaw, reducing sustainability to a set of technical checkboxes rather than an integrated,
managed outcome. For project managers and designers, this gap is entirely unsatisfactory, as it fails
to mandate the rigorous, cross-disciplinary coordination, clinical equipment integration, and
operational risk management that are critical to a successful hospital project. While the integrated
planning in LEED and the operational focus in BREEAM are valuable patches, they remain additions
to a system not designed for healthcare's procurement and commissioning complexity. The
comprehensive and localized approach of YeS-TR stands as the exception that proves the rule.
Therefore, the widespread neglect or underdevelopment of healthcare-specific project management
protocols in most systems is unacceptable.
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4.7. Innovation

The “Innovation” category stands out as an important category that supports technological and
managerial improvements to achieve sustainability goals. This category has a privileged place in
green certification systems for healthcare facilities as it encourages designers, constructors, and
facility managers to think about and implement out-of-the-box solutions to sustainability related
issues in healthcare facility design and construction [72].

The “Innovation” category in LEED and IGBC shows that innovative solutions are encouraged
through an audit mechanism that requires the input of accredited experts [47,76]. In contrast,
GREENSHIP's criteria emphasize the economic and technological dimensions of innovation by
covering technological breakthroughs, market improvements, and global sustainability trends [48].
On the other hand, in systems such as IGBC, LEED, and BREEAM, innovation is treated as a bonus
or additional point category without any prerequisites, encouraging project owners to produce
innovative and original solutions, hence providing creativity and flexibility in building design and
construction [40,76]. In this sense, YeS-TR's special emphasis on innovation is valuable in terms of
promoting the understanding of environmentally friendly and innovative design and construction
methods in the Turkish building construction industry [46]. Information about the “Innovation”
category is presented in Table 10.

The innovation category highlights the most significant gaps in meeting the dynamic needs of
healthcare facilities. In the eight green certification systems examined, innovation has been addressed
as an integrated element of sustainability standards, such as in LEED, BREEAM, and Green Star; as
a life cycle emphasis in YeS-TR and GBI or as part of green design processes in IGBC. Regardless
however, innovation has been treated as either an optional “extra” like deserving bonus points or
within a narrow framework. Indeed, “Innovation” does not even exist as a direct category in CASBEE
and GREENSHIP. This fragmentation lacks concrete guidance that would tangibly direct a healthcare
facility designer to develop vital and original solutions, such as modular systems that can be
deployed in crises like a pandemic or technologies that directly support patient recovery. Although
the explicit and implicit approaches in current systems emphasize the importance of innovation, they
fall short of reflecting a holistic, healthcare facility-focused understanding of innovation. Minor
modifications in existing systems are insufficient, and the future of sustainable healthcare structures
will be shaped by the development of an independent certification system centered on innovation
that is specific to healthcare facilities.

Table 10. Comparison of the “innovation” categories in eight green healthcare facility certification systems.
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4.8. Comparison of the Criteria Used in Green Certification Systems for Healthcare Facilities

In this study, eight green certification systems for healthcare facilities were selected from those
available in advanced and developing countries, were examined in detail and compared in terms of
sustainability criteria. The total weights of the following categories were derived from the
information presented in Table 3 and are presented in Chartl: “Sustainable Land and Transport”,
“Water and Waste Management”, “Energy Efficiency”, “Material and Life Cycle Impact”, “Indoor
Environmental Quality”, “Project Management Process”, and “Innovation”. The weights of the
categories add up to 100% for each certification system. Each of the eight certification systems
displays different priorities to reduce the environmental impact of healthcare facilities. The main
purpose of the study is to provide a guiding framework for the design and construction of complex
healthcare facilities with green consciousness and to reveal the differences of the existing green
certification systems augmented to handle healthcare facilities.
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Chart 1. Percentage distribution of certification system categories.

e  The category with the highest joint weight is “Energy Efficiency” (£=216), which is far ahead of
the other categories. Systems such as LEED (39%) and GBI (35%) aim to reduce the high energy
consumption of hospitals with sustainable methods by assigning a large weight to this area. In
addition, systems such as YeS-TR (27%), GREENSHIP (25%) and CASBEE (25%) also prioritize
energy management. This reveals that energy consumption is a critical factor in terms of
sustainability in healthcare buildings [75,76].

e The category with the second highest joint weight is “Indoor Environmental Quality” (X=134)
with IGBC (23%), GBI (21%) and CASBEE (19%) standing out. In these certification systems,
criteria such as indoor air quality, daylight, acoustic comfort, and psychological healing
environments play an important role [78]. In LEED (11%) and GREENSHIP (10%), the importance
of this category lags behind the other certification systems.

e The category with the third highest joint weight is “Sustainable Land and Transport” (£=132). It
is particularly prominent in CASBEE (29%), GREENSHIP (25%) and LEED Healthcare (23%). In
this category, factors such as public transportation facilities, access to green space and climate
adaptation are prioritized [64]. This finding shows that healthcare facilities should be considered
not only in-building but also in-city integration as a part of sustainability.

e The category with the fourth highest joint weight is “Water and Waste Management” (X=124)
with IGBC (29%) and GREENSHIP (26%) standing out, while CASBEE (3%), LEED (8%) and GBI
(11%) give very limited importance to this category. The fact that IGBC applies stricter criteria
for water management in a water-stressed country such as India with a value of 29% shows how
sustainability priorities based on geographical conditions are reflected in certifications [74].
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e The category with the fifth highest joint weight “Material and Life Cycle Impact” (X=103)
includes GREEN STAR (16%), BREEAM (16%), LEED (14%), and CASBEE (11%) at the top of the
list. In other words, the four certification systems in advanced countries have the highest
collective weight (X=57), while the collective weight of the four certification systems in
developing countries is only slightly less (X=49) with YeS-TR (15%), GREENSHIP (14%), GBI
(11%), and IGBC (9%). The fact that such a similarity is observed reveals that the quality of the
materials selected to construct healthcare facilities is of almost equal importance regardless of
location and regardless of the certification system used.

o The category with the sixth highest joint weight “Project Management Process” (X=47) is one of
the least weighted categories as it is somewhat represented in all certifications systems available
in advanced countries but not represented at all in certification systems available in developing
countries, except for YeS-TR (12%). The fact that YeS-TR addresses the project process with
detailed criteria such as occupational health and safety, stakeholder engagement, and integrated
management reveals that YeS-TR is more closely aligned with well-established and popular
certification systems available in advanced counties.

o The least weighted category across the eight certification systems is “Innovation” (X=41). It is
barely represented in Green Star (9%), YeS-TR (9%), BREEAM (7%), GBI (7%), IGBC (5%) and
LEED (4%). It is only indirectly represented in other criteria (CASBEE and GREENSHIP).
However, “innovation” is critical for potentially increased efficiency in healthcare facilities
through digital technologies and smart building systems.

5. Conclusions

In this study, eight green certification systems for healthcare facilities were analyzed and
compared relative to seven fundamental categories. Half of these certification systems are extensively
used in advanced countries and worldwide, and the other half originated in developing countries
and are used rather locally. The findings revealed that the majority of the green certification systems
used for healthcare facilities are adaptations of general-purpose green building certification systems.
Consequently, the essential requirements of healthcare facilities, such as hygiene, infection control,
medical waste management, and patient and staff safety, which are critical to healthcare systems, are
not sufficiently emphasized in any of the eight certification systems reviewed in the study.
Furthermore, shortcomings in areas such as disaster resilience, digitization, and operational process
management highlight the need to broaden the scope of these systems. In other words, there is an
urgent need to develop specialized green certification systems that focus on the unique complexity
of healthcare services, centered not only on environmental but also medical, social and operational
sustainability. The findings of this study are expected to encourage the development of green
certification systems specifically designed for healthcare facilities in the future and to serve as a guide
for building more resilient, efficient, and patient-centered healthcare infrastructures.

Considering the findings, green certification systems for healthcare facilities vary according to
countries' level of development, sustainability priorities, level of access to resources, and healthcare
needs. For example, while LEED, BREEAM and Green Star systems stand out with carbon emission
reductions and highly engineered solutions, GREENSHIP, IGBC and YeS-TR focus more on local
resource management and water efficiency.

Green healthcare facilities can consist of multiple buildings, such as hospitals, laboratories,
diagnostic services, and treatment centers and represent large and complex projects. As such, green
certification systems for healthcare facilities should focus more on digitization and project
management processes in the future. The green healthcare facilities of the future should be equipped
with smart systems, have reduced environmental impacts, and achieve maximum patient comfort.
Such a development will not only contribute to global climate goals but also improve the quality of
healthcare services and lead to more resilient and efficient healthcare facilities.

The multifaceted benefits of green healthcare facilities, such as operational efficiency, patient
well-being, and minimal environmental impact, underscore the strategic importance of this study.
The observed differences in priorities, such as the emphasis on water and waste management in IGBC
and GREENSHIP versus the focus on energy performance in LEED and CASBEE, provide
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stakeholders with valuable insights that encourage users of green certification systems to
accommodate specific regional contexts and resource constraints. In addition, it has been observed
that issues such as disaster management, earthquake and climate risks are not sufficiently detailed in
green certification systems except for only CASBEE that includes criteria such as durability and
reliability. Green certification systems for healthcare facilities should be supported with more
comprehensive resilience criteria.

Tables 4 to 10 show that there are not enough criteria or prerequisites that pertain to the
operation of green healthcare systems, except for YeS-TR. A certification system for healthcare
facilities should include a holistic approach that prioritizes patient and healthcare personnel
safety/comfort in addition to energy savings and environmentally friendly designs. Instead of
focusing only on building performance in healthcare facilities, architectural solutions that consider
entrance-exit areas, emergency service integration, and patient flow should be adopted. Healthcare
facility users’ feedback is important for integrating user experience into the green certification
process.

One of the recommendations developed in this study is to include practices related not only to
the design and construction process of green healthcare facilities, but also to the management,
monitoring, and maintenance processes in the operation phase, as in Green Star and BREEAM. The
detailed criteria that YeS-TR brings to the project management process is a good example of
considering the local conditions in a country.

The information presented in Tables 4-10 indicates that existing green certification systems that
have been modified to include healthcare facilities constitute a very good first step to developing
more healthcare facility-focused certification systems. The general criteria in the “Land and
Transportation” and “Materials and Resources” categories are augmented only by a patchwork of
weak requirements in designing and building healthcare facilities. Although the “Energy Efficiency”
and “Water Management” criteria are based on a mature infrastructure, the critical issues related to
healthcare facilities such as energy resilience and hospital-acquired pathogen control are overlooked.
“Indoor Environmental Quality” covers the usual requirements for green buildings but has not
evolved into a category that makes use of clinical evidence for patient recovery in the design and
construction of healthcare facilities. The deepest disconnect is seen in the “Project Management
Process” category as most certification systems ignore this process, reducing sustainability to a
technical checklist. The superficiality in the “Innovation” category does not sufficiently meet the
dynamic future needs of healthcare facilities. Based on the information acquired in this study, it is
argued that the future of sustainable healthcare facilities will be shaped by the development of green
certification systems that are specifically oriented to the design, construction, and operation of
healthcare facilities, centered on clinical evidence, operational continuity, patient outcomes, and
technical/managerial innovation.

This study provides a critical roadmap for designing and constructing healthcare facilities with
prioritized environmental, social, and operational sustainability. It is anticipated that this work will
significantly raise sustainability awareness within the healthcare sector, promote the adoption of
green healthcare concepts globally, and stimulate further research.

In designing green healthcare facilities, it is important to be prepared for managing crises or
pandemics by addressing issues such as the optimization of emergency service transportation and
the planning of disaster-resilient buildings. To improve resource efficiency, separating critical and
non-critical loads to monitor waste management and implementing steps such as monitoring water
consumption per patient will be important gains. The recycling of single-use medical supplies,
barrier-free access areas, accommodation options tailored to companions, a sustainability council
established by hospital administrators and staff, and soundscape designs composed of natural
sounds to improve the patient's psychological state are also among the criteria that can be added.

This study's focus on eight certification systems, while representative of practices in advanced
and developing countries, presents a limitation in capturing all regional nuances. Furthermore, the
analysis is based on documentary criteria rather than empirical performance data collected from
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professionals who participated in the design and construction of certified healthcare facilities. To
address these constraints, future research should expand the scope to include a larger number of
green certification systems for healthcare facilities and to explore the differential impacts of these
systems across varied geographic zones, building functions, and operational lifetimes. Longitudinal
studies could also be performed to quantitatively assess the real-world outcomes of existing green
certification systems. Investigating the influence of specific variables such as climate zone and
number of patient rooms would further refine the development of context-sensitive green
certification systems for healthcare facilities.
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