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Abstract. Green retrofitting practices have critical importance in both the construction industry
(CI) and healthcare industry (HI) due to the adverse effects of the existing healthcare buildings
on both the environment and public health. Ironically, existing healthcare buildings consume
critical amounts of energy, produce wastes, and CO, emissions, which have considerable
diverse harmful impacts on the health and well-being of the society as well as the environment.
Especially, given the main goals of healthcare, green retrofitting is crucial to provide a healthy
future for patients and staff of healthcare buildings. There is a sensitive link between providing
sustainable healthcare buildings with improving health of the patients. Therefore, green
retrofitting of healthcare buildings (GRHB) can be seen as one of the significant contributors
that have a critical role in reducing the harmful impacts of the existing healthcare buildings.
Nowadays, due to coronavirus pandemic, nations will focus on the physical conditions of their
healthcare buildings more than ever for strengthening their infrastructure with appropriate
retrofitting approaches. Therefore, the worldwide concerns put the prominence of the
importance of patient safety and strong health infrastructure on the agenda of nations.
Improvements in the health infrastructure are inevitable for the future, and with regarding this
motivation, we looked at the benefits of GRHB in the first place. In the existing literature,
there is a lack of comprehensive review associated with the GRHB. This paper focuses on
conducting a systematic literature review to investigate the benefits of GRHB with selected
academic studies. After the identification of healthcare and green retrofitting specific studies,
the benefits of GRHB were determined by frequency analysis and classified under four
dimensions, which are environmental, economic, social, and functional. Results demonstrated
that reduced energy consumption, reduced costs, and improved energy performance of the
building are the three major benefits. In terms of healthcare perspective, the critical outcomes
of this study as the main benefits differ from other types of green retrofitting projects, which
are improved infection control and improved recovery rate. The results of this systematic
review will enhance the understanding of the importance of GRHB and its benefits, which will
be useful for academics, green building professionals as well as healthcare building providers.
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1. Introduction

Today, nations are facing a severe health crisis to trying to deliver the necessary care due to the
coronavirus pandemic disease which is also known as COVID-19, which has put new pressures on
already strained national health systems [1]. Changes in disease patterns, medical intervention
opportunities with advanced technology, as well as political and public expectations put healthcare
buildings on changing pressures [2]. Under these circumstances, how healthcare service is provided is
one critical point since new conditions in healthcare require new configurations of buildings [2].
Ultimately, the coronavirus pandemic is raising questions about the importance of increasing
investment in healthcare infrastructure to have better servicecapacity such as flexible rooms and
spaces [3]. Therefore, nations will focus on the physical conditions of their healthcare buildings more
than ever.

Indeed, enhancing the health and well-being of occupants emerges a critical case, especially for
healthcare buildings, since the fundamental aim of their existence is to improve the health of society
[4]. For this reason, sustainability and creating green healthcare buildings will become a substantial
concern for the HI [5]. Environmental health and human health are sensitively linked, and this link
demonstrated that providing environmental-friendly buildings influences on human health enhanced
with changing circumstances [6]. Not surprisingly, the number of green healthcare buildings’
implementations gained a rapid increase worldwide [4]. As a result of this movement, green healthcare
buildings became a significant consideration for this research due to the rapid increase of green
hospital implementations.

Ironically, the activities of healthcare itself consume critical pollution to air, water, and soils,
consequently, indirect adverse effects on public health [7]. The reality is that creating new
environmentally friendly buildings solely does not reduce the environmental effects of the existing
building stock since they are not sustainably built [8, 9]. Hospitals or healthcare facilities around the
world can be defined as an energy-intensive building type that contributes substantially to
environmental impacts while accidentally leading to diseases and adverse health outcomes [10].
Consequently, healthcare buildings have significant scope in the building industry in terms of
healthcare-specific requirements. Typical healthcare buildings operate seven days a week and 24 hours
a day and support care and treatment for people who are sick and vulnerable [11]. In this context,
healthcare buildings require stringent control of IAQ, diseases, medical equipment, and waste
management [12] and also require the protection of patients and staff against hospital-acquired
contaminations and occupational illnesses [13]. Healthcare buildings cause environmental damage and
depletion of natural resources with their current situation [14]. Bilec et al., [6] claim that the facilities
and operations of healthcare organizations push healthcare organizations into a complicated position in
which they are negating their fundamental role of “first do no harm” by failing to minimize their
environmental damage.

According to the energy consumption study of healthcare buildings in the USA, healthcare
buildings represent 4.8% of the total area in the commercial sector as well as responsible for 10.3% of
total energy consumption in this sector [15]. In England, the HI responsible for 18 million tonnes of
CO; emissions that represent the 30% of total public sector greenhouse gas emissions as well as 3.2%
of the total CO2 emissions [16]. The energy consumption and emissions by healthcare buildings cause
an increasing burden of illness such as cardiovascular, asthma, and other respiratory diseases [9].

Especially, in terms of the main goals of healthcare green retrofitting is crucial to provide a healthy
future for patients and staff of healthcare buildings. Destroying existing healthcare buildings and
constructing new ones is not an appropriate way to achieve sustainable healthcare facilities and
minimize the harmful outcomes of the HI on the built environment [17]. When energy, water, and
materials get taken into consideration, an existing building’s retrofit has a considerable positive impact
on enhancing the well-being as well as the health of patients, the building’s performance, and financial
returns [18]. Therefore, GRHB can be seen as one of the significant contributors that have a critical
role in not only improving the quality of cure for sick people but also in keeping the health of doctors
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and nurses who apply the treatment at the same time. Notably, healthcare facility retrofitting projects
are also challenging because of their disturbing nature for patients [19].

The interest associated with the GRHB in the existing literature has been growing. Hence, this
paper focuses on conducting a systematic literature review of selected academic studies to the
identification of the benefits of GRHB.

2. Research Methodology

This research includes the systematic and structured review process of literature by focusing on related
articles on GRHB. Designing the search strategy is the curial part of any study. According to the
conducted study by Tober [20], about search engines, the Scopus search engine was identified as the
most efficient search engine for the literature review of selected research subjects. Hence, to determine
the relevant studies for GRHB, the Scopus search engine was selected to conduct the systematic
literature review.

The keywords for searching were identified as “benefit,” “green retrofit,” and “retrofit,”
“healthcare building,” and “hospital building.” These keywords were searched under the title, abstract,
and keyword section of the selected search engine with a chosen time limit 2000 to 2020. Searching
was done with various combinations of the chosen keywords to identify benefits (Shown in Table 1).

Table 1. Combinations of searching keywords

Combinations of search keywords

"green retrofit" "retrofit"

"green retrofit" and "benefit" "retrofit" and "benefit"

"green retrofit" and "healthcare building" "retrofit" and "healthcare building"

"green retrofit" and "hospital building" "retrofit" and "hospital building"

"green retrofit" and "benefit" and "healthcare building™ | "retrofit" and "benefit" and "healthcare building"
"green retrofit and benefit and hospital building” "retrofit" and "benefit" and "hospital building"”

Initially, based on conducted structured literature search in the Scopus engine (searched on Feb
2020), firstly, a total of 372 articles were identified. A closer look to the identified articles has
revealed that some of the articles involved at least one of the selected keywords for this research in
their title or abstract or keywords. Then, 372 papers were arranged in alphabetical order, and the
articles with the same name were extracted.

As a result of the elimination process, 100 papers were left. Through the screening of abstracts,
titles, and keywords of 100 papers’ names, a total of 62 papers were identified relevant for defined
keywords. With an in-depth review of the full text of a selected 62 papers, 56 papers were found as
relevant for this study in the fourth step. Lastly, investigating the selected relevant papers, only 56
papers were included for the identification of benefits (Shown in Table 2).

Table 2. The prisma flow diagram for the identification of the relevant papers

Identification Records identified through Scopus searching (n =372)
Screening Records after duplicates removed (n=100)

Screening Records screened abstract-title-keywords (n=62)
Screening Full-text articles assessed for eligibility (n=56)
Included Articles included in the analysis (n=56)
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After the identification of healthcare and green retrofitting specific studies, the benefits of GRHB
were determined and classified under four dimensions, which are environmental, economic, social,
and functional. To classify the obtained benefits, frequency analysis was used. The main dimensions
were taken from the researchers who made the classification in the literature namely, [1], [4], [20],
[26], and [29]. Table 3 represents all dimensions obtained from the existing literature.

Table 3. Main dimensions for the benefits of GRHB in the literature.

Main Dimensions Resources
[22] [28] [39] [67] [78]

Economic X X X X
Environmental X X X X
Social X X
Functional X

Technical X

Organizational X

Health and Community X

3. Identification of Benefits of GRHB

The main objective of this study is the investigation of the key benefits of GRHB, that are promoted
the green retrofitting implementation in healthcare buildings. The review of selected studies in the
Scopus search engine includes investigating the benefits of GRHB. According to reviewed literature,
twenty-three benefits were determined (Shown in Table 4). The identified benefits in Table 4 were
listed by the frequency of availability in the searched literature. Results demonstrated that “reduced

energy consumption”, “reduced costs”, and “improved energy performance of the building” are the
three major benefits that most reported in the literature.

3. 1. Classification of Benefits of GRHB

As demonstrated in Table 4, the various benefits, which have a critical role in promoting green
retrofitting implementations in healthcare buildings, are identified by a comprehensive review of
previous studies. To gain a better understanding of the benefits of GRHB, the classification of
identified benefits is essential. To classify the determined benefits, the normative refinement process
and frequency analysis was used. As shown in Table 5, identified twenty-three benefits were classified
under four main dimensions which are “environmental”, “economical”, “social” and ‘“structural”.
Table 5 demonstrates the classification of benefits of GRHB under environmental, economic, social as
well as structural dimensions.

3.1.1. Environmental Dimension

The investigation of the benefits of GRHB demonstrated that there are various benefits associated with
green retrofitting practices in healthcare buildings. From the environmental perspective, the structured
literature review demonstrates that green retrofitting involves thirteen significant impacts of healthcare
buildings (Shown in Table 5). GRHB is an effective way of enhancing the environmental performance
of existing buildings to achieve energy saving [77]. Especially, improvement of energy efficiency and
reduction of CO2 emissions are considerable outcomes of green retrofit design of the existing
buildings [67, 69]. Healthcare buildings generate large amounts of wastes thus they are the critical
sources of greenhouse emissions [32]. Environmental impacts of healthcare buildings can be turned
into significant benefits for both building and human health aspects. According to Eckelman and
Sherman [7], reduced waste and greenhouse emissions have considerable advantages that are
improved environmental performance and enhanced the quality of healthcare. Another substantial
environmental benefit of green retrofitting for the healthcare buildings is the improvement of indoor
environmental quality [22, 54, 60, 64, 72]. From the healthcare perspective, providing a healthy indoor
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environment to the occupants of healthcare buildings has a direct impact on reducing infections,
patient safety as well as recovery rates of patients [4]. As a result, the implementation of GRHB is
beneficial from the environmental perspective.

Table 4. Benefits of GRHB

Benefits of GREHB References Total
(8], [26], [27], [31], [33], [37], [41], [43], [49],
1 Reduced energy consumption [51], [571, [59], [62], [65], [66], [70], [71], [73], | 20
[74], [77]
[81], [22], [23], [25], [26], [30], [31], [33], [36],
2 Reduced cost [39], [40], [47], [51], [53], [55], [56], [74]. [75]. | 19
[78]
3 Improved energy performance of the building EH {éi} 52} E% F%]l [44]. [471. [54]. [56]. 14
4 Improved energy efficiency {gg {ég} 52} [30]. [36]. [40]. [45], [50]. [63]. 12
5 Achieved energy savings [28], [36], [39], [40], [52], [55], [58], [68] 8
6 Reduced greenhouse gas emissions [8], [27], [32], [49], [59], [62], [78] 7
7 Reduced CO2 emissions [25], [32], [50], [55], [69], [74], [77] 7
8 Improved indoor environmental quality [4], [22], [54], [60], [64], [72], [74] 7
9 Improved health and wellbeing [4]1, [6], [22], [60], [66], [74], [76] 7
10 | Improved infection control [41, [6], [14], [19], [29], [79] 6
11 | Improved thermal comfort of occupants [21], [29], [37], [60], [74], [76] 6
12 | Improved productivity and satisfaction [4]1, [6], [22], [66], [76] 5
13 | Improved recovery rate [41, [5], [6], [19], [76] 5
14 | Improved patient safety [19], [29], [32], [79] 4
15 | Improved indoor air quality [19], [22], [53], [78] 4
16 | Rapid payback periods [8], [24], [74], [75] 4
17 | Reduced seismic risk [34], [35], [46], [48] 4
18 | Improved environmental protection [30], [44], [75] 3
19 | Reduced waste [22], [25], [32] 3
20 | Reduced water consumption and quality [8], [21], [78] 3
21 | Improved visual comfort [22], [76] 2
22 | Reduced polluting emissions [31] 1
23 | Reduced the noise level [21] 1
24 | Financial viability [24] 1
25 | Improve hospitals ‘resilience [29] 1
26 | Reduced resource consumption [72] 1

3.1.2. Economical Dimension

From the economical perspective, green retrofitting has resulted in three primary outcomes that are
reduced costs of the existing building, rapid payback periods, and financial viability. Jagarajan et al.
[78] stated that green retrofitting of existing buildings particularly has a lower cost than demolishing
existing ones or constructing new ones. Zuo and Zhao [74] pointed out that the improved energy
performance of the buildings contributes to the significant cost savings, notably in terms of the life
cycle of the buildings. Also, they [74] added that cost savings provide optimized the costs of operation
and maintenance of buildings. Green retrofitting has not only benefits on cost savings from achieved
energy savings but also has significant impacts on the economic value of buildings and that has
provided the rapid payback period [75].

3.1.3. Social Dimension
Green retrofitting has critical social advantages including health and community benefits for
healthcare buildings. It also considers the societal and cultural assets that already exist in the built




WMCAUS 2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 960 (2020) 032066 doi:10.1088/1757-899X/960/3/032066

environment [78]. Zuo and Zhao [74] stated that the social dimension primarily contains providing
quality living conditions, health, and well-being as well as the safety of building occupants. The
existing studies demonstrated that green retrofitting not only assists the improvement of building
environmental performance but also assists the improved infection control, the recovery rate of
patients, thermal comfort of occupants, health and wellbeing of patients, the safety of patients,
productivity and satisfaction of building occupants [4, 5, 6, 19, 22, 32, 60, 66, 74, 76 and 79].
Improved indoor environmental quality and provided suitable quality conditions contribute to
improving health conditions and productivity of occupants [74]. In addition, reduction of the noise
level [21] and improvement of visual comfort [22] are other significant benefits that have a
detrimental effect on recovery rates of patients and staff morale [76]. Also, Dalke et al. [84] noted that
a well-balanced and attractive environment has considerable impacts on both the health of the patients
and the productivity of employees. Further, the satisfaction of patients and employees of healthcare
buildings is highly related to the suitable thermal comfort conditions [74]. Therefore, it can be stated
that the benefits of green retrofitting interconnected closely with each other.

Table 5. The classification of benefits of GRHB

Main Dimensions Benefits of GREHB
Reduced energy consumption

Improved energy performance of the building
Improved energy efficiency

Achieved energy saving

Reduced greenhouse emissions
Reduced CO; emissions

Improved indoor environmental quality
Improved environmental protection
Reduced water consumption

Improved indoor air quality
Environmental Reduced waste

Reduced polluting emissions

Reduced the noise level

Reduced the production of solid waste
Improved visual comfort

Reduced environmental impacts

Land preservation

Forest preservation

Reduced air quality

Reduced water quality

Reduced resource consumption
Reduced cost

Economic Rapid payback periods

Financial viability

Improved health and wellbeing
Improved infection control

Improved thermal comfort of occupants

Social Improved productivity and satisfaction
Improved recovery rate
Improved patient safety
. Reduced seismic risk
Functional

Improve hospitals’ resilience
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3.1.4. Functional Dimension

The functional dimension of retrofitting considers “the reduction of the seismic risk of healthcare
buildings” and “the improvement of hospitals’ resilience” to maximize the safety of occupants of
healthcare buildings and minimize future structural damages. Due to the critical role of healthcare
buildings in the management of emergency response, they have to be designed and built to have high-
performance levels under strong ground motions [35]. Ferraioli and Avossa [34]'s study about seismic
isolation retrofitting of healthcare buildings demonstrated that healthcare buildings would remain
operational after very strong earthquake ground motions. Therefore, the structural benefits have
critical outcomes to mitigate the loss of functionality for healthcare buildings during future severe
ground motions for understanding the benefits of green retrofitting projects with a specific focus on
healthcare buildings and for future research on the subjects.

4. Discussion and Conclusions

This paper provides critical outcomes of a structured review of the benefits of GRHB in CI and HI. To
highlight the findings of this study, similar green retrofit studies that are focused on other types of
buildings such as offices, homes, etc. were discussed regarding the results of this study.

The findings showed that the benefits of GRHB can be divided into four different main dimensions
respectively environmental, economic, social as well as functional. As a result, it was found that the
most reported benefits of GRHB are reduced energy consumption, reduced cost, improved energy
performance of the building, improved energy efficiency, achieved energy saving, reduced greenhouse
gas emissions, reduced CO, emissions, improved indoor environmental quality, improved health and
wellbeing, improved infection control.

A closer look to the identified benefits demonstrated that the most mentioned benefits by

researchers are mainly based on environmental dimension such as reduced energy consumption,
improved energy performance of the building, improved energy efficiency, achieved energy saving,
reduced greenhouse gas emissions, reduced CO, emissions, improved indoor environmental quality.
In terms of the economic benefits, reduced cost, rapid payback periods, and financial viability have
become the forefront. The social aspect of GRHB covers mainly maintaining the infection control, the
thermal and visual comfort of healthcare building’ occupants, the recovery rates of patients, the
productivity of healthcare staff, and patient safety. Indeed, it can be stated that the determined social
benefits of GRHB are also supportive drivers for the fundamental aims of healthcare buildings.
Additionally, as a functionality issue, the seismic strength of the building is essential for the health and
well-being of all the patients and staff.

In terms of office buildings, green retrofitting is also a critical issue for business strategy of
companies. Tobias [80] noted that companies will need to keep their position in competitive in a
marketplace to achieve that objective; they need to consider green retrofits as part of their plans.
Improved energy efficiency, the high environmental performance of buildings, reduced usage of water
are the main similar considerations of green retrofitting of commercial buildings [67]. Furthermore, it
is significant that from an economic perspective, to mitigate the operation costs from lighting, cooling,
and heating of buildings, green retrofitting is a critical approach [81]. Ilter et al. [82] stated that green
retrofitting is not only provides considerable energy savings and operation cost benefits but also
improve the health and comfort of building’ occupants that lead to increased occupants’ productivity
and satisfaction. Similarly, Paradis [81] specified that improved indoor environmental quality
contributes to enhanced productivity as well as the health of occupants, and also occupant safety and
accessibility are critical outcomes for green retrofit projects. Aforementioned studies regarding the
other types of buildings show that green retrofitting studies have similar outcomes with healthcare
buildings’ green retrofit.

However, green retrofitting actions in healthcare buildings are more critical than other types of
buildings since healthcare buildings require special consideration. The ironic truth is that with their
non-stop 7/24 operations that consume a high amount of energy, they try to provide the health of
society. [19] states that poor environmental design of healthcare buildings is a greater risk for patients
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and staff since it can be resulted in acquiring hospital-associated infections (HAIs) and increasing
patient’ staying days in hospitals. During green retrofitting providing health and safety standards for
patients is significant due to the potential of disturbing for patients such as dissatisfaction and
discomfort [19]. With the application of GRHB, healthcare buildings improve their environmental
performance that also contributes critical outcomes, especially for the healthcare environment. The
structured literature review demonstrated that the main differentiated benefits of GRHB than other
types of buildings are; a. Improved infection control, b. Improved recovery rate of patients (hospital
stays)

It can be stated that differences exist between the green retrofit studies in healthcare buildings
and other types of buildings are mainly related to the main consideration of healthcare buildings is
sensitive to health and well-being. Results of this study highlighted the significance and differences
of investigation of the benefits of GRHB specifically for the healthcare environment. Consequently,
this structured literature review will be constructive for understanding the benefits of green retrofitting
projects, specifically focus on healthcare buildings and for future research on the subject.

References

[1] T. Popic, “European health systems and COVID-19: Some early lessons,”
URL:https://blogs.lse.ac.uk/politicsandpolicy/european-health-systems-and-covid-19/,
[Assessed: Feb 2020].

[2] M. McKee, J. Healy, and European Observatory on Health Care Systems, Eds., “Hospitals in a
changing Europe,” Buckingham ; Philadelphia: Open University Press, 2002.

[3] S. HONG, “Can the U.S. build a hospital in two weeks?”
URL:https://www.fastcompany.com/90478437/coronavirus-crisis-can-the-u-s-build-a-new-
hospital-in-two-weeks [Assessed: Feb 2020].

[4] M. Golbazi and C. B. Aktas, “Analysis of Credits Earned by LEED Healthcare Certified
Facilities,” Procedia Engineering, vol. 145, pp. 203-210, 2016.

[5] B. Wagner, “Benefits of Sustainability in  Healthcare  Facilities,” URL:
https://www.facilitiesnet.com/healthcarefacilities/article/Benefits-of-Sustainability-in-
Healthcare-Facilities---17241, 2017 [Assessed: Feb 2020].

[6] M. M. Bilec, M. Geary, R. J. Ries, K. L. Needy, and M. K. Cashion, “A Method for Quantifying
the Benefits of Greening a Healthcare Facility,” Engineering Management Journal, vol. 22,
no. 3, pp. 3-11, Sep. 2010.

[7] M. J. Eckelman and J. Sherman, “Environmental Impacts of the U.S. Health Care System and
Effects on Public Health,” PLoS ONE, vol. 11, no. 6, p. e0157014, Jun. 2016, doi:
10.1371/journal.pone.0157014.

[8] E. Bertone et al., “Guidelines, barriers and strategies for energy and water retrofits of public
buildings,” Journal of Cleaner Production, vol. 174, pp. 1064-1078, Feb. 2018, doi:
10.1016/j.jclepro.2017.11.065.

[9] R.Jagarajan, M. N. Abdullah @ Mohd Asmoni, J. YM Lee, and M. N. Jaafar, “An Overview of
Green Retrofitting Implementation in Non Residential Existing Buildings,” Jurnal
Teknologi, vol. 73, no. 5, Mar. 2015.

[10] World Health Organization and Health Care Without Harm, “Healthy Hospitals Healthy Planet
Healthy People”, 2009.

[11] P. Morgenstern, R. Raslan, and P. Ruyssevelt, “Reducing hospital electricity use: an end-use
perspective”, 2016.

[12] D. Kolokotsa, T.Tsoutsos & S. Papantoniou, “Energy conservation techniques for hospital
buildings”, Advances in Building Energy Research, 6:1, 159-172, 2012.

[13] M. Leung and A. H.S. Chan, “Control and management of hospital indoor air quality”, 12(3):
SR17-23, 2006.

[14] F. McGain and C. Naylor, “Environmental sustainability in hospitals — a systematic review and
research agenda,” Journal of Health Services Research & Policy, vol. 19, no. 4, pp. 245—



WMCAUS 2020 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 960 (2020) 032066 doi:10.1088/1757-899X/960/3/032066

[15]

[16]
[17]
[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

252, Oct. 2014.

K. Bawaneh, F. Ghazi Nezami, Md. Rasheduzzaman, and B. Deken, ‘Energy Consumption
Analysis and Characterization of Healthcare Facilities in the United States’, Energies, vol.
12, no. 19, p. 3775, Oct. 2019, doi: 10.3390/en12193775.

C. Tomson, ‘Reducing the carbon footprint of hospital-based care’, Future Hosp J, vol. 2, no. 1,
pp. 57-62, Feb. 2015, doi: 10.7861/futurehosp.15.016.

A.Z. Sheth, A.D.F. Price, and J. Glass, “A Framework for Refurbishment of Health Facilities,”
HaCIRIC International Conference, Edinburgh, United Kingdom, 2010.

N. Kavani, “Retrofitting of An Existing Building into A Green Building,” International Journal
of Research in Engineering and Technology, vol. 03, no. 06, pp. 339-341, Jun. 2014.

A. Mohammadpour, C. J. Anumba, and J. I. Messner, ‘Retrofitting of Healthcare Facilities:
Case Study Approach’, J. Archit. Eng., vol. 23, no. 3, p. 05017003, Sep. 2017, doi:
10.1061/(ASCE)AE.1943-5568.0000248.

M. Tober, ‘PubMed, ScienceDirect, Scopus or Google Scholar — Which is the best search
engine for an effective literature research in laser medicine?’, Medical Laser Application,
vol. 26, no. 3, pp. 139—-144, Aug. 2011, doi: 10.1016/j.mla.2011.05.006.

M. S. N. Lee, M. A. N. Masrom, S. Mohamed, K. Goh, N. Sarpin, and N. Manap, “Examining
Risk as Guideline in Design Stage for Green Retrofits Projects: A Review,” IOP Conf. Ser.:
Mater. Sci. Eng., vol. 713, p. 012043, Jan. 2020, doi: 10.1088/1757-899X/713/1/012043.

M. Mawed, V. Tilani, and K. Hamani, "The role of facilities management in green retrofit of
existing buildings in the United Arab Emirates", Journal of Facilities Management, Vol. 18
No. 1, pp. 36-52. 2020.

Y. Xiaodong, J. Zhang, G. Q. Shen, and Y. Yan. "Incentives for green retrofits: An evolutionary
game analysis on Public-Private-Partnership reconstruction of buildings," Journal of Cleaner
Production, 232, 1 (2019): 1076-1092. doi: 10.1016/j.jclepro.2019.06.014

A. S. Weerainghe and T. Ramachandra, “Effects of Green Retrofits: A Case of Industrial
Manufacturing Buildings in Sri Lanka,” 35th Annual ARCOM conference, 2019.

W.-T. Hong, K. Ibrahim, and S.-C. Loo, ‘Urging Green Retrofits of Building Fagades in the
Tropics: A Review and Research Agenda’, International Journal of Technology, vol. 10, no.
6, p. 1140, Nov. 2019, doi: 10.14716/ijtech.v10i6.3627.

B. Hwang, M. Shan, S. Xie, and S. Chi, “Investigating residents’ perceptions of green retrofit
program in mature residential estates: The case of Singapore,” Habitat International, vol. 63,
p. 103-112, May. 2017.

C. Shuo, G. Zhang and S. Setunge, “A toolkit towards performance based green retrofit of
HVAC systems: Literature review and research proposal,” Engineering, 2015.

X. Jin, C. Meng, Q. Wang, J. Wei, and L. Zhang, “A study of the green retrofit industry chain,”
Sustainable  Cities and Society, vol. 13, pp. 143-147, Oct. 2014, doi:
10.1016/j.s¢s.2014.05.009.

K. J. Lomas and R. Giridharan, “Thermal comfort standards, measured internal temperatures
and thermal resilience to climate change of free-running buildings: A case-study of hospital
wards,” Building and Environment, vol. 55, pp. 57-72, Sep. 2012, doi:
10.1016/j.buildenv.2011.12.006.

C.-Y. Chiang, R. Yang, K.-H. Yang, and S.-K. Lee, “Performance Analysis of an Integrated
Heat Pump with Air-Conditioning System for the Existing Hospital Building Application,”
Sustainability, vol. 9, no. 4, p. 530, Mar. 2017, doi: 10.3390/su9040530.

F. Ascione, N. Bianco, C. De Stasio, G.M. Mauro, G.P. Vanoli, “Comprehensive optimization
of energy systems for an Italian hospital building after energy modeling and calibration,”
ECOS 2017, 2017.

B. K. Taseli and B. Kilkis, “Ecological sanitation, organic animal farm, and cogeneration:
Closing the loop in achieving sustainable development—A concept study with on-site biogas
fueled trigeneration retrofit in a 900-bed university hospital,” Energy and Buildings, vol.



WMCAUS 2020 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 960 (2020) 032066 doi:10.1088/1757-899X/960/3/032066

[33]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

129, pp. 102-119, Oct. 2016, doi: 10.1016/j.enbuild.2016.07.030.

F. Ascione, N. Bianco, C. De Stasio, G. M. Mauro, and G. P. Vanoli, “Multi-stage and multi-
objective optimization for energy retrofitting a developed hospital reference building: A new
approach to assess cost-optimality,” Applied Energy, vol. 174, pp. 37-68, Jul. 2016, doi:
10.1016/j.apenergy.2016.04.078.

M. Ferraioli, & A.M. Avossa, “Base Isolation Seismic Retrofit of a Hospital Building in Italy,”
Journal of Civil Engineering and Architecture, vol. 6, p. 308-321, 2012, doi: 10.17265/1934-
7359/2012.03.005.

E. Gandelli, A. Taras, J. Distl, V. Quaglini, “Seismic Retrofit of Hospitals by Means of
Hysteretic Braces: Influence on Acceleration-Sensitive Non-structural Components,”
Frontiers in Built Environment, vol. 5, p. 100, 2019.

F. Silenzi, A. Priarone, and M. Fossa, “Hourly simulations of an hospital building for assessing
the thermal demand and the best retrofit strategies for consumption reduction,” Thermal
Science and Engineering Progress, vol. 6, pp. 388-397, Jun. 2018, doi:
10.1016/j.tsep.2018.01.015.

O. G. Pop, A. C. Abrudan, D. S. Adace, A. G. Pocola, and M. C. Balan, “Potential of HVAC
and solar technologies for hospital retrofit to reduce heating energy consumption,” E3S Web
Conf., vol. 32, p. 01016, 2018, doi: 10.1051/e3sconf/20183201016.

F.-J. Wang, C.-S. Kuo, H.-W. Lin, P.-Y. Yu, C.-P. Wang, “Feasibility assessment for
retrofitting an energy-efficient hospital building through energy modelling and field
investigation,” International Conference on Efficient Building Design: Material and HVAC
Equipment Technologies, 2018.

J. Kim, D. Son, and B. Jeong, “Two-Stage Integer Programing Model for Building Retrofit
Planning for Energy Saving in South Korea,” Sustainability, vol. 9, no. 11, p. 2087, Nov.
2017, doi: 10.3390/su9112087.

C.-Y. Chiang, R. Yang, K.-H. Yang, and S.-K. Lee, “Performance Analysis of an Integrated
Heat Pump with Air-Conditioning System for the Existing Hospital Building Application,”
Sustainability, vol. 9, no. 4, p. 530, Mar. 2017, doi: 10.3390/su9040530.

L. Fitriani, S. Sangadji, and S. A. Kristiawan, “Energy efficiency evaluation of hospital building
office,” J. Phys.: Conf. Ser., vol. 795, p. 012067, Jan. 2017, doi: 10.1088/1742-
6596/795/1/012067.

R. Suarez, J.D. Pérez-Téllez, and A. Leon-Rodriguez, “Methodology for the Optimisation of
Thermal Performance and Daylight Access to the Retrofit of Hospital Rooms in
Mediterranean Climate,” Study of Fine Mortar Powder from Different Waste Sources for
Recycled Concrete Production, p.403-413, 2017, doi:10.1007/978-3-319-51442-0 33.

W. M. El-Maghlany, A. A. ElHefni, M. ElHelw, and A. Attia, “Novel air conditioning system
configuration combining sensible and desiccant enthalpy wheels,” Applied Thermal
Engineering, vol. 127, pp. 1-15, Dec. 2017, doi: 10.1016/j.applthermaleng.2017.08.020.

F. Ascione, N. Bianco, R. F. D. Masi, F. de Rossi, C. D. Stasio, and G. P. Vanoli, “Energy
Audit of Health Care Facilities: Dynamic Simulation of Energy Performances and Energy-
Oriented Refurbishment of System and Equipment for Microclimatic Control,” American
Journal of Engineering and Applied Sciences, vol. 9, no. 4, pp. 814-834, Apr. 2016.

A. Buonomano, F. Calise, G. Ferruzzi, and A. Palombo, “Dynamic energy performance
analysis: Case study for energy efficiency retrofits of hospital buildings,” Energy, vol. 78,
pp. 555-572, Dec. 2014.

A. Masi, G. Santarsiero, and L. Chiauzzi, “Development of a seismic risk mitigation
methodology for public buildings applied to the hospitals of Basilicata region (Southern
Italy),” Soil Dynamics and Earthquake Engineering, vol. 65, pp. 30—42, Oct. 2014.

A. Buonomano, C. Francesco, F. Gabriele and V. Laura, “A novel renewable polygeneration
system for hospital buildings: Design, simulation and thermo-economic optimization,”
Engineering, 2014.

10



WMCAUS 2020 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 960 (2020) 032066 doi:10.1088/1757-899X/960/3/032066

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[63]

[64]

[65]

H.K. Miyamoto, A. Gilani, S.B. Erdurmus, M. Akdogan, “Development of Guidelines and

G.

D.

X.

X.

A.

Effective Retrofit Strategies for Public Schools and Hospitals in Istanbul, Turkey,” 2009, p.
268-280, doi:10.1061/41084(364)26.

Liu, Y. Tan, and X. Li, “China’s policies of building green retrofit: A state-of-the-art
overview,” Building and FEnvironment, vol. 169, p. 106554, Feb. 2020, doi:
10.1016/j.buildenv.2019.106554.

Singh, and E. Singh, “Identifying Deterrents to Greening Existing Buildings,” Advances in
Energy and Built Environment, p.69-86, 2020, doi:10.1007/978-981-13-7557-6_6.

Yang, J. Zhang, G. Qiping Shen, and Y. Yan. "Incentives for green retrofits: An evolutionary
game analysis on Public-Private-Partnership reconstruction of buildings" Journal of cleaner
production, 232, 1, 2019, 1076-1092. doi: 10.1016/j.jclepro.2019.06.014.

Zhao, Y. Tan, L. Shen, G. Zhang, J. Wang, “Case-based reasoning approach for supporting
building green retrofit decisions,” Building and Environment, vol. 160, 106210, 2019,
doi:10.1016/j.buildenv.2019.106210.

. Jadhav, A. P. Reddy, P. Boddupally, R. Shaajo, and R. Reji, “Low Cost Green Retrofit for

Office,” International Journal of Recent Technology and Engineering (IJRTE), vol. 8, no. 2,
pp. 3155-3161, Jul. 2019, doi: 10.35940/ijrte.B2899.078219.

. Hong, W. Deng, C. 1. Ezeh, and Z. Peng, “Attaining sustainability in built environment:

Review of green retrofit measures for existing buildings,” IOP Conf. Ser.: Earth Environ.
Sci., vol. 227, p. 042051, Mar. 2019, doi: 10.1088/1755-1315/227/4/042051.

Weerainghe & T. Ramachandra, “Effects of Green Retrofits: A Case of Industrial
Manufacturing Buildings in Sri Lanka,” 35th Annual ARCOM conference, 2019.

W.-T. Hong, K. Ibrahim, and S.-C. Loo, “Urging Green Retrofits of Building Facades in the

Z.

Tropics: A Review and Research Agenda,” IJTech, vol. 10, no. 6, p. 1140, Nov. 2019, doi:
10.14716/ijtech.v10i6.3627.

Huang, J. Ge, K. Zhao, and J. Shen, “Post-evaluation of energy consumption of the green
retrofit building,” Energy Procedia, vol. 158, pp. 3608-3613, Feb. 2019, doi:
10.1016/j.egypro.2019.01.903.

W. Ling, S. Liu, X. Zhu, Y. Sun, and D. Wei, “Data Analysis-Based Approach to the Green

Retrofit of Existing Public Buildings in Northern China: A Case Study of School Buildings,”
IOP Conf. Ser.: Earth Environ. Sci., vol. 186, p. 012018, Oct. 2018, doi: 10.1088/1755-
1315/186/6/012018.

. Tan, G. Liu, Y. Zhang, C. Shuai, and G. Q. Shen, “Green retrofit of aged residential

buildings in Hong Kong: A preliminary study,” Building and Environment, vol. 143, pp. 89—
98, Oct. 2018.

. Patino & J. Siegel, “Indoor environmental quality in social housing: A literature review,”

Building and Environment, 2018, doi:131. 10.1016/j.buildenv.2018.01.013.

. Sun, Z. Gou, Y. Lu, and Y. Tao, “Strengths and Weaknesses of Existing Building Green

Retrofits: Case Study of a LEED EBOM Gold Project,” Energies, vol. 11, no. 8, p. 1936, Jul.
2018.

. Tan, G. Liu, Y. Zhang, C. Shuai, and G. Shen, “Review of Green Retrofit Technologies and

Policies for Aged Residential Buildings in Hong Kong,” International Conference on
Construction and Real Estate Management, 2018, doi: 10.1061/9780784481738.005.

. Hwang, M. Shan, S. Xie, and S. Chi, “Investigating residents’ perceptions of green retrofit

program in mature residential estates: The case of Singapore,” Habitat International, vol. 63,
p. 103-112, 2017.

. Li, J. Ren, Z. Jing, L. Jianping, Q. Ye, and Z. Lv, “The Existing Building Sustainable

Retrofit in China-A Review and Case Study,” Procedia Engineering, vol. 205, pp. 3638—
3645, 2017, doi: 10.1016/j.proeng.2017.10.224.

. Cai, H. Li, G. Feng, S. Yu, and Y. Zhao, “HVAC System Green Retrofit Survey and

Analysis of Public Institutions Building in Cold Region,” Procedia Engineering, vol. 146,

11



WMCAUS 2020 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 960 (2020) 032066 doi:10.1088/1757-899X/960/3/032066

[74]

[75]

[76]

[77]

[78]

[82]

pp. 218-223, 2016, doi: 10.1016/j.proeng.2016.06.376.

X. Liang, G. Shen, and L. Guo, “Improving Management of Green Retrofits from a Stakeholder
Perspective: A Case Study in China,” IJERPH, vol. 12, no. 11, pp. 13823-13842, Oct. 2015,
doi: 10.3390/ijerph121113823.

S. Bu, G. Shen, C. J. Anumba, A. K. D. Wong, and X. Liang, “Literature review of green
retrofit design for commercial buildings with BIM implication,” Smart and Sust Built Env,
vol. 4, no. 2, pp. 188-214, Sep. 2015, doi: 10.1108/SASBE-08-2014-0043.

H. Li, X. Cai, G. Feng, S. Yu, Y. Zhao, and Y. Wang, “Green Retrofit Survey and Analysis of
Public Institution Building in Cold Region,” Procedia Engineering, vol. 121, pp. 1510-1514,
2015, doi: 10.1016/j.proeng.2015.09.126.

S. Bu and G. Q. P. Shen, “A Critical Review of Green Retrofit Design,” in ICCREM 2013,
Karlsruhe, Germany, 2013, pp. 150—158, doi: 10.1061/9780784413135.014.

R. M. Leicht, “Towards An Integrated Process Model And Decision Support System For High
Performance Green Retrofits,” Architectural Engineering Institute, At State College, PA,
USA, 2013.

A. Naphade, A. Sharma, P. S. Chani, and P. Garg, “Green Building Retrofit for the Library of
Indian Institute Technology, Roorkee,” J. Inst. Eng. India Ser. A, vol. 94, no. 1, pp. 3542,
Mar. 2013, doi: 10.1007/s40030-013-0035-x.

LM.K. Elzeyadi, “Green classroom 2020: Design strategies to retrofit K-12 schools for carbon
neutrality,” World Renewable Energy Forum (WREF), 2012.

M.B. Salvetti, J. Czajkowski, A.F. Gémez, “Analysis of the energetic-environmental behaviour
in apartments building in La Plata City - Argentina: Passive strategies for a redesign of low
energy, (Green-Retrofit),” Architecture and Sustainable Development, Conference
Proceedings of the 27th International Conference on Passive and Low Energy Architecture,
pp- 583-588, 2011.

J. Zuo and Z.-Y. Zhao, “Green building research—current status and future agenda: A review,”
Renewable and Sustainable Energy Reviews, vol. 30, pp. 271-281, Feb. 2014, doi:
10.1016/j.rser.2013.10.021.

D. Popescu, S. Bienert, C. Schiitzenhofer, and R. Boazu, ‘Impact of energy efficiency measures
on the economic value of buildings’, Applied Energy, vol. 89, no. 1, pp. 454—463, Jan. 2012,
doi: 10.1016/j.apenergy.2011.08.015.

H. Dalke et al., “Colour and lighting in hospital design,” Optics & Laser Technology, vol. 38,
no. 4-6, pp. 343-365, Jun. 2006, doi: 10.1016/j.optlastec.2005.06.040.

G. Liu, X. Li, Y. Tan, and G. Zhang, “Building green retrofit in China: Policies, barriers and
recommendations,” Energy Policy, vol. 139, p. 111356, Apr. 2020, doi:
10.1016/j.enpol.2020.111356.

R. Jagarajan, M. N. Abdullah Mohd Asmoni, A. H. Mohammed, M. N. Jaafar, J. Lee Yim Mei,
and M. Baba, “Green retrofitting — A review of current status, implementations and
challenges,” Renewable and Sustainable Energy Reviews, vol. 67, pp. 13601368, Jan. 2017,
doi: 10.1016/j.rser.2016.09.091.

A. Mohammadpour, C. Anumba, and J. Messner, “Energy Efficiency in Healthcare Facility

Retrofits — Key Issues”, 2012, doi: 10.13140/2.1.5080.8006.

Tobias, “Retrofitting Office Buildings to Be Green and Energy-Efficient: Optimizing

Building Performance, Tenant Satisfaction, and Financial Return,” Urban Land Institute, Jan

1,2010.

R. Paradis, “Retrofitting Existing Buildings To Improve Sustainability And Energy
Performance ,”  National  Institute  of  Building  Sciences, 2016, URL:
https://www.wbdg.org/resources/retrofitting-existing-buildings-improve-sustainability-and-
energy-performance [Assessed: Apr 2020].

D. Ilter, 1. Tekge, E. Ergen, S. Seyis, “Toward an Occupant Satisfaction Measure for Office
Building Retrofits,” Conference Paper , May, 2016.

-

12



