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Evaluation of Sustainability Standards in Hospital Design: 

Case Study in Jordan 

By: Rama Al Shamas 

Supervisor: Dr. Suha Hassan Al Dahwi 

Abstract 

For the last 10 years, the issue of green building movement had been growing in Jordan, 

due to the environmental and financial benefits, and since that Jordan suffers from the 

lack of resources, the concern of sustainable and green building developments has 

increased recently. Several buildings in the country had applied sustainable methods, but 

none of those buildings is a healthcare facility. Sustainable buildings had shown positive 

impacts on human health, and the environment. Taking into consideration that the 

healthcare sector in Jordan is important and that hospitals are large consumers of 

resources and they have high running costs, the Gardens Hospital was chosen as a case 

study. The methodology that was used is a descriptive-analytical one. The aims of this 

research is to evaluate the hospital according to sustainability standards in Jordan, then to 

give several sustainable alternative improvements. After that, economic analysis for the 

improvements was done to check the feasibility after implementing the proposed 

sustainable improvements on the building. The results of this research had shown positive 

profits for implementing the proposed improvements and the high value of the IRR which 

was found to be 34,6%, which means that the suggested improvements are feasible and 

effective. Another result which was found from this research is the importance of 

applying sustainable methods for all kinds of buildings due to their high benefits. 

Keywords: Sustainability, Green buildings, Healthcare facilities, Hospitals, Projects 

Management, Feasibility study. 
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  تقييم معايير االستدامة في تصميم المستشفيات

عمان -دراسة حالة  

 بقلم: رامه الشمص

 باشراف: د. سهى الدهوي

 نبذة مختصرة

األردن، وباإلضافة الى الرغبة في تعزيز النواحي ي اآلونة األخيرة وبسبب النقص في الموارد التي يعاني منها ف

إيجابي على النواحي في ذلك من أثر  والخضراء لمااالهتمام في تطبيق مبادئ المباني المستدامة بدر التركيز و البيئية،

 المستشفياتواألخص هذه المبادئ على العديد من األبنية باستثناء المباني الصحية  وقد طبقت. والبيئيةاالقتصادية 

بالرغم من ان هذا النوع من المباني يستهلك الكثير من موارد الطاقة غير المتجددة. كحالة دراسية تم اختيار مستشفى 

الجاردنز في عمان، حيث تم تطبيق مبادئ المباني الخضراء اعتمادا على كتاب دليل المباني الخضراء في األردن 

في حال اعتمادها في تصميم المستشفيات. لتحقيق ذلك تم اتباع المنهج لمحاولة الكشف على النواحي اإليجابية 

. والبيئية وباألخص االقتصاديةعدة مجاالت  والتوفير فيالوصفي التحليلي. تظهر نتائج الدراسة العديد من اإليجابيات 

أظهرت نتائج  حيث يلداخلالعائد امعدل نموذج  للمقترحات تم استخدام والجودة االقتصاديةاالقتصادي  ولتحديد األثر

بشكل  جمما يؤكد أهمية المقترحات المقدمة. كما أظهرت النتائ % 3..6التحليل ان نسبة معدل العائد الداخلي تصل الى

فقط في مباني المستشفيات ولكن في  اإليجابي ليسلها األثر  عام ان المقترحات المقدمة في هذه الدراسة سوف يكون

 كافة انواع المباني.

جدوى  ،إدارة المشاريع المستشفيات، الصحية،مرافق الرعاية  الخضراء،المباني  االستدامة،الكلمات المفتاحية: 

 ية.اقتصاد
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Chapter One 

 

Introduction 
 

1.1 Introduction 

This chapter includes general introduction, hospital definition, hospitals` role, and types, 

the health care facilities in Jordan, introduction to sustainability, sustainability definitions 

and categories, sustainable hospital definitions, and the research problem, objectives, 

hypothesis and methodology. 

1.2 Research Background: 

The issue of global warming and climate change had made the environment as an 

important issue that competes with politics and community issues. 

According to the United States Green Building Council (USGBC), the building sector is 

considered one of the heaviest consumers of natural resources and accounts for a 

significant portion of gas emissions compared to other industries, which leads to 

extensive harm to the environment. Because of the rapid growth of the building sector 

and the use of the world energy and finite fossil fuel resources, this raised concerns over 

supply difficulties, exhaustion of energy resources and heavy environmental impacts, the 

world has made an important move towards implementing green building practices. 

Healthcare facilities and hospitals are large energy consumer and resource-intensive 

facilities that exert stress on the environment, besides the fact that the healthcare industry 

is a source of many chemical pollutants such as mercury, it also has one of the largest 

demands for energy per square foot. “Hospitals are the second-highest energy consumers 

on a per square foot basis after the food service industry” (U.S Department of 
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Energy,2003). According to the (American Hospital Association,2015) “hospitals 

consume two-and-a-half times more energy than other commercial buildings and produce 

146.4 (kilograms) of carbon Dioxide (per square meter)”. 

Jordan has been suffering from significant challenges, and since green and sustainable 

architecture minimize the negative environmental impact by enhancing efficiency and 

moderation in the use of materials, resources, and energy, having sustainable hospitals is 

a necessity. 

1.3 Hospital Definition: 

Hospital can be defined as follows: “It is a health care institution that provides treatments 

for patients by specialized staff and special equipment, or, a place where sick or injured 

people go to be treated by doctors and nurses”. (Cambridge Dictionary,2013) 

1.4 Hospitals` Role: 

Hospitals are vital buildings given to their important role. Hospitals` roles are listed 

below: 

1.4.1 Provide medical services and treatments for patients: which is considered as the 

main function of hospitals, by using qualified doctors and staff, and by using special 

equipment. 

1.4.2 Make researches: hospitals are the right place to make researches in various medical 

fields, due to the variety of diseases and illness cases, and taking advantage of using the 

hospital medical records. 

1.4.3 Education and training services for medical students: where medical students have 

to train for one year before graduation in order to graduate. (Jlade,2007) 
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1.5 Hospitals Types: 

Hospitals can be classified according to a variety of factors which are: functionality, size, 

kind of service and ownership. 

1.5.1 Functionality hospitals are hospitals that refer to a hospital whether it a teaching 

hospital, research hospital, long term hospitals, etc. 

1.5.2 Size: there are three classifications for hospitals due to the number of beds; small, 

medium, and large hospitals. 

Small Size Hospitals: are hospitals with less than a hundred beds. 

Medium Size Hospitals: are hospitals with a hundred to five hundred beds. 

Large Size Hospitals: are hospitals with more than five hundred beds. 

1.5.3 Kind of service: hospitals can be classified into two kinds according to the kind of 

service; General hospital, Specialized hospital. 

General hospitals provide treatment for all kinds of diseases and have all specialties, 

while the specialized hospitals give treatment for one kind of disease. 

1.5.4 Ownership: Refers to the owner of the hospital and has two kinds: government and 

private hospitals (Jlade,2007). 

1.6 Healthcare Facility in Jordan: 

Jordan has an advanced healthcare sector, it was ranked by the world bank as the first 

service provider for healthcare in the region and among the top five in the world.The 

country's healthcare system is divided for private and public hospitals, they are 30 

hospitals and 1245 healthcare centers, the military royal medical services run 11 hospitals 
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and the Jordan university hospital accounts 4.6% of beds in the country. Private hospitals 

consist of 61 hospitals (Ministry of Health, 2009). The number of hospitals is increasing 

due to population growth, according to the Department of Statistics, the number of 

private hospitals had reached up to 66 hospitals and the public hospitals had reached up to 

33 hospitals (Department of Statistics, Statistical Yearbook of Jordan 2018). Table 

1.1shows the number of hospitals and beds in Jordan by the health sector, and Table 1.2 

is more detailed table that shows the number of hospitals and beds according to the 

governates and the health sector. Hospitals and healthcare facilities are considered as one 

of the major consumers of water in Jordan according to the Jordan Water Company, 

where their consumption reaches up to 25% as shown in Figure 1.1. 

 

 

 

 

 

 

 

 

Figure 1.1 Water Consumption for Non-Residential Sectors 

Reference: (Hospitals` Water Efficiency Guide,2012) 
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Table 1.1 Number of Hospitals and Beds in the Kingdom by Health Sector 

Medical 

Sector/ 

Year 

2017 2018 

No.of 

Beds 

No.of 

Hospitals 

No.of 

Beds % 

No.of 

Beds 

No.of 

Hospitals 

No.of 

Beds % 

Ministry 

of Health 
5170 32 35.1 5208 32 35.4 

Medical 

Services 
3476 17 23.6 3316 16 22.6 

Jordan 

University 
599 1 4.1 559 1 3.8 

King 

Abdullah 

Hospital 

542 1 3.7 541 1 3.7 

Private 

Sector 
4925 64 33.5 5077 66 34.5 

Total 14712 115 100 14701 116 100 

Reference: (Department of Statistics, Statistical Yearbook of Jordan 2018) 

 

 

 

 

Table 1.2 Number of Hospitals and Beds by Governorate and Health Sector 2018 
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Governorate 

Total Other Gov. Private hospitals Ministry of health 

No.of 

Beds 

No.of 

Hospitals 

No.of 

Beds 

No.of 

Hospitals 

No.of 

Beds 

No.of 

Hospitals 

No.of 

Beds 

No.of 

Hospitals 

Amman 8004 58 2252 9 3876 44 1876 5 

Balqa 783 6 0 0 129 1 654 5 

Zarqa 1319 8 313 1 324 5 682 2 

Madaba 188 3 0 0 30 1 158 2 

Erbid 2254 17 1013 2 394 7 847 8 

Mafraq 553 7 153 1 109 2 291 4 

Jarach 189 2 0 0 30 1 159 1 

Ajloun 250 2 160 1 0 0 90 1 

Karak 544 6 200 1 110 3 234 2 

Tafiela 129 1 129 1 0 0 0 0 

Maan 217 2 0 0 0 0 217 2 

Aqaba 271 4 196 2 75 2 0 0 

Total 14701 116 4416 18 5077 66 5208 32 

Reference: (Department of Statistics, Statistical Yearbook of Jordan 2018.) 
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1.7 Sustainability 

Due to the negative impacts of human beings on earth and to the spreading of pollution 

on our planet because of the building industry, and the intensive use of the natural 

resources, sustainability and eco-friendly architecture is the right solution so it’s 

becoming the main goal for all as they try towards it. The main purpose of sustainability 

is to enhance the quality of our life with less damage to the environment. Sustainability 

has an awareness of the three interconnected systems which are the environmental, the 

social, and the economic, each system has a tight connection with the other, and depends 

on the other. Environmentally, sustainability helps to conserve natural resources and 

reduce pollution. Socially, it improves the quality of residents by improving the health 

and comfort of the building. Economically reduces the operational cost. 

Environmental Sustainability “is meeting the resource and needed services of current and 

future generations without compromising the health of the ecosystems that provide them, 

and more specifically, as a condition of balance, resilience, and interconnectedness that 

allows human society to satisfy its needs while neither exceeding the capacity of its 

supporting ecosystems to continue to regenerate the services necessary to meet those 

needs nor by our actions diminishing biological diversity.”( Morelli, 2011). 

 Social Sustainability “is the ability of society, or any social system, to persistently 

achieve good social wellbeing. Achieving social sustainability ensures that the social 

wellbeing of a country, an organization, or a community can be maintained in the long 

term.” (Circular Ecology,2019). 

Economic Sustainability “ Economic sustainability is an integrated part of sustainability 

and means that we must use, safeguard and sustain resources (human and material) to 
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create long-term sustainable values by optimal use, recovery and recycling. In other 

words, we must conserve finite natural resources today so that future generations too can 

cater to their needs.”( University of Gavle,2019). 

1.8 Sustainable / Green Architecture Definitions: 

Sustainable/ green architecture has several definitions, it had been defined by different 

organizations. 

The first Green Building Council was founded in 1993 in the United States. Its mission 

was to promote sustainability practices in the building and the construction industry. 

Since that green building movement began to get more interests around the world, David 

Gottfried managed to develop and support The Green Building Council around the world 

and so The World Green Building Council began.The World Green Building Council had 

defined the green building( also named as a sustainable building) as: “a building that, in 

its design, construction or operation, reduces or eliminates negative impacts, and can 

create positive impacts, on our climate, health and natural environment.” They are 

resource-efficient, produce fewer emissions and they save money over the building 

lifecycle. (The World Green Building Council,2019). 

The Office of Federal Environmental Executive was founded in 1993, the office`s policy 

is to promote environmental sustainability. The Office of Federal Environmental 

Executive defined green/sustainable building as: ‘the practice of increasing the efficiency 

with which buildings and their sites use energy, water, and materials, and reducing 

building impacts on human health and the environment, through better siting, design, 

construction,  
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operation, maintenance, and removal—the complete building life cycle” (The Office of 

Federal Environmental Executive,2014). 

Sustainable Design is seen as “best practices” because it minimizes the life cycle and 

maintenance costs of a building, and it also reduces the negative impact of a building on 

the natural environment, and some new buildings are even striving to create a positive 

effect on the environment (Living Building Challenge in Pursuit of True Sustainability in 

the Built Environment, 2014). 

Green building can be summarized as: is about adapting certain methods and 

principles to increases the building`s efficiency in its all life cycle stages, conserves 

natural resources, reduce the building`s negative impacts on our environment, 

planet, and health (Researcher). 

1.9 Sustainability Categories  

 According to the Leadership in Energy and Environmental Design(LEED)”  which is one 

of the most widely used green building rating systems that provide a framework to create 

healthily, cost-saving, high efficient green buildings.” The green building categories are: 

a) Location and transportation b) Sustainable Sites c) Water Efficiency d) Energy & 

Atmosphere e) Materials and Resources f) Indoor Environment g) Innovation and design  

 h) Region Priority.  

(Leadership in Energy and Environmental Design,2013) 

Another rating system founded by The Building Research Establishment Environmental 

Assessment Method (Breeam), which is “the world’s leading sustainability assessment 

method for master planning projects, infrastructure, and buildings. It recognizes and 

https://breeam.com/discover/technical-standards/communities/
https://breeam.com/discover/technical-standards/infrastructure/
https://www.breeam.com/discover/technical-standards/
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reflects the value in higher performing assets across the built environment lifecycle, 

from new construction to in-use and refurbishment.” Green buildings have nine main 

categories and they are: a) Management b) Energy  c) Water  d) Transport  e) health and 

Wellbeing f) materials  g)Waste   h) Land use and Ecology   i) Pollution ( The Building 

Research Establishment Environmental Assessment Method, 2019) 

1.10 Sustainable “Green” Hospitals Definitions: 

Green hospitals had been defined by several health organizations, some of these 

organizations are, The Alliance for Natural Health(AFNH), Healthcare Without 

Harm(HCWH), The Indian Green Building Council(IGBC), and Hospital 2020. 

The Alliance for Natural Health was founded in 1992, it is part of an international 

organization dedicated to promoting natural and sustainable health. The Alliance for 

Natural Health Organization defined sustainable hospital as ‘A complex system of 

interacting approaches to the restoration, management, and optimization of human health 

that has an ecological base, that is environmentally, economically and socially viable 

indefinitely, that functions harmoniously both with the human body and the non-human 

environment and which does not result in unfair or disproportionate impacts on any 

significant contributory element of the healthcare system.”(Alliance for Natural 

Health,2019). 

Healthcare Without Harm (HCWH) was established in 1996, it’s a nongovernmental 

organization that works to transform healthcare in a way that reduces its environmental 

footprint, becomes a community anchor for sustainability and a leader in the global 

movement for environmental health and justice, and shares a vision of health care sector 

that does no harm, but promotes people`s health and the environment. HCWH 

https://breeam.com/discover/technical-standards/newconstruction/
https://breeam.com/discover/technical-standards/breeam-in-use/
https://breeam.com/discover/technical-standards/refurbishment-and-fit-out/
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concentrates on the key issues of climate change and health, chemicals, green building, 

sustainable food, sustainable procurement, waste management, and pharmaceuticals. 

(Healthcare Without Harm,2019). HCWH defines green hospitals as: “A green and 

healthy hospital is the one that promotes public health by continuously reducing its 

environmental impact and ultimately eliminating its contribution to the burden of disease. 

A green and healthy hospital recognizes the connection between human health and the 

environment and demonstrates that understanding through its governance, strategy, and 

operations. It connects local needs with environmental action and practices primary 

prevention by actively engaging in efforts to foster community environmental health, 

health equity, and a green economy.” (Healthcare Without Harm,2011). 

Hospital 2020 Organization was established in 2009 its mission is to promote better 

transformation for the hospitals worldwide. Hospital 2020 defined green hospital as “a 

hospital that has taken the initiative to do the following: chooses an environmentally-

friendly site, utilizes sustainable and efficient designs, uses green building materials and 

products, thinks green during construction and keeps the greening process going. A 

Green Hospital is constructed around a facility that recycles, reuses materials, reduces 

waste, and produces cleaner air.” (Hospital2020,2015) 

The Indian Green Building Council defined green hospital as” a building which enhances 

patient well-being, aids the curative process while utilizing natural resources in an 

efficient, environment-friendly manner” (Indian Green Building Council,2015). 
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A green hospital can be summarized as:  Green hospital is a hospital that promotes 

people`s health and eliminates the negative impacts on the environment by taking 

the right actions and applying the best strategies to ensure the link between human 

and environmental needs and to promote an efficient building,(Researcher). 

1.11 Benefits of Green Hospitals: 

Green and sustainable hospitals have a lot of benefits on the patients, the users, the 

surrounding environment and the consumption cost. Through different literature reviews 

that were made by the researcher, some of the benefits are summarized below: 

1.11.1 Improve the users' and visitors’ health by providing a healthy indoor environment, 

where green architecture had proved that people who live/work in such buildings are 

healthier, happier and more productive. 

1.11.2 Enhance the patients’ ability to heal faster, reduce their recovery period and 

improve their safety and health. 

1.11.3 The consumption of resources becomes less. 

1.11.4 Reduce the operational cost in the long-term. 

1.11.5 Protect the surrounding environment, global health, and natural resources by 

minimizing the carbon footprint of hospitals. 

1.11.6 Reduce chemical emissions. 
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1.12 Sustainability in Jordan 

Recently the industrialized countries had realized the major risks that threating our planet 

due to the large use of natural resources, Jordan is not an exception, the high demand of 

water and energy is increasing because of the urbanization and population growth, and 

the large development in the construction sector. Jordan is considered as the poorest 

country in the world in terms of water, where Jordan has few freshwater resources 

according to 2009 data. The building sector consumes about 40% of global energy 

consumption and contributes around one-third of global Green House Gas.(Ministry of 

Energy and Mineral Resources,2017). Figure 1.2 shows the electrical energy 

consumption by sector, where household consumption is the highest and is equal to 41%, 

while the commercial sector consumption is 17% which includes hotels, banks, and 

hospitals who have the highest electricity tariffs. 

 

Figure 1.2 Electrical Energy Consumption by Sector 

Reference: (Royal Scientific Society,2013) 

Industrial 
26% 

Commercial 
17% 

Water Pumping 
14% 

Street lighting 
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Because of that Jordan had developed great goals, it had established a coherent plan to 

save energy by managing the demand efficiently, whereby 2020 the energy usage will be 

decreased to 15% in the residential, commercial, industrial, water pumping, transport 

sectors and in the public buildings including schools, hospitals, and administrative 

buildings.(Jordan Green Building Council,2017) 

 Since sustainability decreases the negative impact on the environment, a shift towards 

sustainability and green buildings concepts became a vital issue, this shift has a major 

effect in minimizing the negative impact on the environment, and is very important in 

Jordan due to the energy and water constraints. Although the concept of green buildings 

is somehow new to Jordan, it has acquired significant attention, where recently several 

buildings had achieved the LEED Certification, but none of those buildings is a 

healthcare facility.  The buildings that had achieved the LEED Certification  are listed 

below: 

1. Embassy of the Kingdom of the Netherlands 

2. Aqaba Residence Energy Efficiency (AREE)  

3. The Amman Baccalaureate School ABS  

4. The EDGO Atrium Building 

5. UN World Health Organization Headquarters Building 

6. Middle East Insurance Company Headquarters Building 

7. Al Kamalyyah Residence 

8. OMNI Trade New Building  

9. Arab Technical Group ATG Headquarter Building 

10. Izzat Marji HeadQuarter Building 
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1.13 Research problem 

The research`s problem came from the lack of knowledge about the impact of applying 

sustainability standards and methods in hospitals in Jordan and their effectiveness upon 

the economic feasibility and their impact on reducing their operating costs. 

1.14 Research hypothesis: 

The research hypothesis is to examine the validity of each of the following: 

 The Null Hypothesis (H0): Hospitals that apply sustainable methods are not 

economically efficient. 

The Alternative Hypothesis (H1): Hospitals that apply sustainable methods are 

economically efficient. 

1.15 Research Aims and Objectives: 

The main aim of this research is to suggest several sustainable methods to the hospital, 

then to make a feasibility study after applying the suggested methods. 

The objectives of this research are as the following: 

1. To give an insight into what sustainability is, and what is sustainability in 

hospitals. 

2. Evaluate the existing hospital building case study according to sustainability 

standards. 

3. Improve the building`s efficiency. 

4. Examine the feasibility of the suggested sustainability methods. 
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1.16  Research Methodology 

The methodology that was used in this research is the descriptive-analytical method and it 

comprises the following: 

1. Overview preceding researches and studies on sustainable buildings. 

2. Review the standards of sustainability and green buildings. 

3. Study the current situation of the chosen hospital and how far does it meet the 

sustainability standards by field surveys and personal interviews. 

4. Suggest improvements to be applied to the hospital in order to improve its 

efficiency. 

5. Make a feasibility study of the proposed methods to show their effectiveness. 

6. Results, recommendations and conclusion. 

 

1.17 Research Structure: 

Chapter 1: Introduction to the thesis, general information about hospitals, sustainability. 

Chapter 2: Literature review, includes the previous researches and studies that are related 

to the topic of this thesis.  

Chapter 3: The methodology, the area of study and the data gathering are described in 

this chapter. 

Chapter 4: Analyzing the data.  

Chapter 5: Results, recommendations, and conclusions. 
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General problem 

1.18 Research Structure: 
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Figure 1.3 Research Structure 

Reference: The Researcher 

1.19 Conclusion: 

The issue of global warming and climate-changing made the environment as an important 

issue, which made the movement towards green buildings spreads around the world. In 

Jordan, the movements towards green buildings began spreading in the last ten years and 

there were several buildings had implemented green methods. 

 This chapter contains the theoretical information about sustainability and hospitals, plus 

to several definitions about sustainable buildings and sustainable hospitals. Moreover, the 

problem of this research, the hypothesis, the objectives, the methodology and the research 

structure were also mentioned.  
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Chapter Two 

 

Literature Review 
 

2.1 Introduction 

This chapter contains the previous studies and researches that are related to the problem 

previously mentioned, these studies were divided into general studies about 

sustainability, and studies about sustainability in hospitals, plus to the green buildings 

standards in Jordan. 

2.2 General Studies About Sustainability: 

Mersal (2016), noted that in the past few years the quality of the built environment had 

changed due to the fast urbanization and industrialization, which caused serious damage 

to the climate, natural resources, and biodiversity. The area of green spaces became 

smaller, polluted and scattered. The transportation network caused several effects such as 

air pollution, traffic congestion, noise, and more energy consumption, all these problems 

effected human health Due to those problems, urban planning policies had shifted to new 

strategies to develop a better urban ecosystem which its responsibility to provide a 

sustainable and healthy environment for the community by greening our cities. This could 

be achieved by managing and planning our cities to form a balance between human 

beings and the natural environment. Greening our cities means to protect and restore 

ecology within urban communities this could be achieved by creating community parks 

and open spaces. 

Atzeri, et al. (2014), studied the effects of shading devices on energy consumption of an 

office building, the building was characterized by its large usage of glazing façade, the 
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presence of this transparent façade has a large influence on the lighting energy demands, 

thermal energy performance in both summer and winter, and on the visual and thermal 

comfort. Because office buildings require energy demands for cooling, heating, and 

lighting, and the visual and thermal comfort requirements are vital. The energy 

performance of three roller shades on the outside and the inside were evaluated by 

calculating their effects on the total energy demand of the building. The results showed 

that using shading devices effected the energy performance of the building, and the use of 

external shading systems perform better than the internal shading systems. 

Khater (2014). According to khater(khater,2014) the rapid growth of population in cities 

had led to the expansion of buildings on the expense of green spaces which increased the 

air pollution, the writer studied the effects of green spaces on the solar radiation, urban 

climate, humidity, and the wind direction. An area in Cairo with high population density 

was chosen and the results found that there was an ability to increase the green spaces by 

green gardening. Also, she talked about the green walls, green façade, and the green 

roofs. 

Tahhan (2014), an area in Damascus that was built from the year 1950- 1970, the area 

consisted of 68 buildings. The buildings were built in three-time phases and they were: 

(1945-1948),(1950-1960), after 1960.The buildings are old and were built without the 

considerations of green concepts, plus the high cost of the rehabilitation and the 

maintenance cost for these buildings. The researcher suggested the following 

modifications to the buildings so they would become sustainable  

1- Using 5 cm insulation fixed on the exterior walls of the buildings will help 

reducing about more than 50% of the energy needed for cooling and heating. 
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2- Using shading devices helps in saving energy but the installation cost of the 

shading devises is high. 

Sheweka et al. (2012), focused on the benefits of using a green façade on the building 

temperature, addressing the different types of green façades and how can they affect the 

thermal issue. The research showed that the use of green walls helps in temperature 

reduction, also the vegetated façade works as a blocker of solar radiation, forms an 

aesthetic design and visual comfort, mitigate from the heat island effect. So using well 

designed vegetated façade is useful method for the passive thermal control of the building 

and with consequent energy saving. The green façade helps in four ways: often related, 

thermal insulation, and the interaction with solar radiation, like shade, evaporative 

cooling, and the variation of the wind on the building. 

 O. Akadiri, et al. (2012), presented a conceptual framework that aimed to apply 

sustainability principles in the building industry. This framework was based on 

sustainable principles, including the conservation of resources, cost efficiency and design 

for human adaptation. By so many literature reviews, every principle involved strategies 

and methods that would be applied during the life cycle of the projects. The conservation 

of resources principle includes the following strategies: energy conservation, materials 

conservation, water conservation, and land conservation. Some of the energy 

conservation methods are: the choice of materials, insulating building`s envelope, use 

passive energy design. Some of the methods for materials conservation are: design for 

waste, use durable materials, use local and natural materials. The Water conservation 

methods are: using water efficient plumping system, collection of rainwater, using 
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recirculating system. Some of the methods for land conservation: reuse of existing 

building, locate project close to existing infrastructure. 

The cost efficiency principle strategies are: the initial cost, cost in use, and the recovery 

cost, each strategy had several methods. The last principle which is the design for human 

adaption principle contains two strategies, protecting human health and comfort, and 

protecting physical resources. 

Bass (2007), summarized the potentials of using green roofs and green walls in the 

conservation of energy in winter. Green walls have a lot of benefits in addition to their 

low cost of installation. A simulation was made for two models to assess energy 

consumption in winter with green roofs and walls. The results showed that green walls 

decreased the energy consumption in winter due to the building`s shading, they are more 

effective than the urban forest, helped in the reduction of the wind speed and climate 

modifications, and it’s a worthy strategy to be applied in areas with extreme undergoing 

intensifications. For the simulation of green roofs two buildings were used the first was a 

two-story residential building and the other was a mixed-use building (residential- 

commercial). 

Conclusion: From the previous studies the following conclusions were made:  

1) The quality of the built environment had changed due to the fast urbanization and 

industrialization, which caused green spaces to become smaller and polluted. The 

transportation network caused several effects, all these problems effected human 

health. Due to those problems a shift to provide a sustainable and healthy 
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environment for the community by greening our cities, which could be achieved 

by increasing green and open spaces area.  

2) Using shading devices effects energy performance of the building, and using 

external shading devices are more effective than internal shadings. 

3) Using good kind of insulation reduces energy consumption. 

4) Green walls have several benefits and they are:  

a) help in temperature reduction b) Work as blocker of solar radiation  

c) Forms an aesthetic design and visual comfort, d) mitigate from the heat island 

effect e) reduce energy consumption. 

2.3 Studies About Sustainability in Hospitals 

AlJaberi et al (2017), provided a hierarchical framework to measure sustainability factors 

in healthcare. The data were collected from five large hospitals in Abu Dhabi the United 

Aab Emirates. The researchers started by identifying seven main criteria and each 

criterion has sub-criteria. Sustainability factors according to the writer are:  

1)  Lean management, which is a methodology that is used to overcome the inefficiency 

of a business. 

2) Patient satisfaction is to ensure that patients` needs and concerns are identified and to 

find ways to fulfill their needs and solve their problems. Patients satisfaction is affected 

by several sub-criteria and they are, the appointment availability, doctors' professionalism 

and the quality of the facility.  

3) Employee satisfaction is affected by the following sub-criteria, rewards, career 

development, salary package, support, and empowerment. 
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4) Continuous improvements, where the success of any organization depends on the 

organizations` commitment to continue to improve. The sub-criteria that affect this factor 

are new technology, innovation, workflow improvements, and business continuity. 

5) Cooperate social responsibility, the sub-criteria that affect this factor is social, 

environmental and economic.  

6) Brand, and it is affected by the following sub-criteria: building friendly, transparency, 

reputation, and communication. 

7)Accreditation is a strategy used to improve all services. 1. ISO 2. JCIA 3. Boards 4. 

Membership.  

The researchers found that measuring sustainability factors is complicated because it 

involves several criteria and each one had sub-criteria. The researchers used the analytical 

hierarchal process (AHP) to manage the level of complexity according to the level of 

importance. As a result, they found that customer satisfaction was considered to be the 

most important factor. 

 Kollab (2016), suggested to check if sustainability aspects were applied in Gaza 

hospitals by using the descriptive-analytical method, due to the lack of sources in Gaza 

because of the difficult situations that Gaza had faced, and the development of the 

hospitals` sector. The researcher chose some hospitals in Gaza, these hospitals were 

analyzed starting by the site selection, waste, energy, water management, and the quality 

of the internal environment. The results showed the following: choosing the best location 

for the hospital is an important factor where it should be near the transportation network, 

also it should be surrounded by green spaces. Energy management starts in the early 
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stages of the design process, where the more integrated the design is the greater energy  

saving will be. He also stated the importance of using renewable energy resources. Water 

management could be achieved by reducing the amount of water wastage. This could be 

by using greywater, rainwater harvesting, and applying a wastewater treatment plan. An 

effective medical waste management plan should be used because of its toxic and 

infectious substances. The internal environment should be environment for the users and 

patients. The researcher concluded that these are the most important aspects that a 

hospital should apply to become a sustainable hospital. 

 Griffin (2015), pointed that the aim of constructing healthcare buildings is to make an 

efficient business plus to make a place for people to heal, between these two aims there 

are a lot of difficulties to achieve these goals. In healthcare design, there are important 

issues that could be harmful to the users and to the environment. In this paper, the 

researcher noted to the importance of using the biopholic design in hospital spaces and 

the positive effect that nature has on patients` and users' health and mood, due to the link 

between humans and nature Moreover, he talked about how energy can be saved by using 

effective lighting and mechanical systems, and water can be saved by using low-flow 

fixtures. 

Another paper M. Buffoli, et al. (2014). In this paper, the writers noted that new hospitals 

need to designed in a more sustainable way while the existing hospitals must improve 

their standards. The writers chose two healthcare facilities to be analyzed and compared. 

Both hospitals have around 600 beds and are located in the Lombardy region in Italy, but 

they were built in different periods: one was built in the Sixties while the other one was 

built very recently. They developed a system that allows assigning a score to the hospitals 
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and to suggest possible improvements to improve their performance. Each hospital was 

analyzed according to the three spheres of sustainability which are the social, economic, 

and environmental. Each sphere consists of several criteria, the social sphere criteria are 

humanization, comfort, and distribution. The economic sphere included the following 

criteria, managerial waste, clinical waste, and technological waste, while the 

environmental sphere consists of water and waste care, urban planning, heat and power, 

envelope technologies, and saving with efficiency. The data were analyzed and evaluated. 

The results showed that the social sphere scored 25% in the old hospital and 45% in the 

new hospital, so in the old hospital they suggested improvements on the design elements 

to increase accessibility of facility, while in the new hospital they suggested improving 

the lighting system to increase the level of comfort. The economic sphere got the most 

satisfactory results, 52% in the old hospital and 68% in the new one.  In the old hospital 

facilitating improvement in the management department was suggested and no 

improvements were suggested for the new hospital. The environmental sphere showed 

insufficient results, 8% for the old hospital and 47% for the new hospital. For the old 

hospital, they suggested improving the level of efficiency in the lighting, and heating 

system to increase the amount of savings, where by using an efficient lighting and heating 

system reduces the amount of energy consumption, in the new hospital they suggested to 

make sustainability as an evaluation step. 

Dali, (2014), claimed sustainability is a thought aimed at achieving compatibility between 

human needs and the data of the surrounding environment. The main problem is that 

some people don’t respond to the treatment in hospitals because the building design 

doesn’t meet the patients' psychological and physical needs, the new designed hospitals 
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focused on the functional issue only. The researcher studied different international case 

studies and one local case study in Syria. The local hospital was chosen to apply several 

improvements to make it more sustainable hospital. The researcher suggested making a 

green roof on the roof of the hospital, installing floor tanks to collect rainwater, 

pedestrian circulation and car circulation were separated, a helicopter landing strip was 

provided, installing shading devices on the south and west elevation. 

Nawawi, et al. (2013), provided a qualitative definition and recommended different 

criteria of green hospital designs with respect to Malaysia`s climate and its people.  Case 

studies were analyzed, in the respect to several aspects, these aspects included the 

physical architecture that significantly affects health like, the building configuration, used 

materials, indoor space quality, form, and shape, finally the culture. The researcher 

suggested some modifications on the type of glazing, the lighting system, and 

recommended that the ceiling height should not be less than 3m, and the roof should be 

insulated. 

Conclusion: The conclusions made from the previous studies are: 

1) Choosing the best location for any hospital is an important factor, where it should 

be near the transportation network and surrounded by green spaces. 

2) Energy management should start in the early stages of the design process. 

3) Using any kind of renewable energy is important and effective. 

4) The appropriate management of water, reduce the amount of water wastage. 

5) Using rainwater harvesting system, gray water systems, and wastewater treatment 

plan reduces water consumption. 
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6) A waste management plan should be used because of its toxic and infectious 

substances. 

7) Using an efficient lighting and heating system, reduces the amount of energy 

consumption, which in return increase the amount of savings. 

8) Using the biopholic design in hospitals spaces effects human`s health and mood, 

due to the positive effect that nature has on humans. 

9) Green roofs can be used if no space was available for green areas on site, green 

roofs works as an insulators and helps in reducing heat transfer. 

2.4 The Green Building Code Book 

The Green Building Code is a book that was established by the Jordanian Ministry of 

Public Works and Housing (JMPWh). The book contains standards for green building 

that were based on the Leadership in Energy and Environmental Design(LEED) and 

consists of six main categories, each category consists of several criteria, the categories 

that the researcher will mention in this research are : a) Sustainable Site b) Energy 

efficiency c) The indoor environment quality, d) Materials and resources e) Water 

efficiency. 

Table 2.1 Sustainable Sites Category 
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 2.4.1 Sustainable Site: 

 The first category from the five categories is sustainable sites, and it consists of eleven 

criteria, listed in Table 2.1. 

 Reference:(The Green Building Code) 

 

 1)  Site Selection: 

 Selecting the right location for any project is considered to be one of the most important 

factors affecting the construction of sustainable buildings, whereby constructing any 

project on an inappropriate land may cause encroachment on agricultural lands or nature 

reserves. 

There are several reccomendatons that need to be taken into consideration while selecting 

the site, and they are listed below: 

Number of Criteria Criteria 

First Criteria  Site selection  

Second Criteria Rehabilitation and reuse of contaminated lands 

Third Criteria Social connection 

Fourth Criteria Transportation  

Fifth Criteria 
Site development: Open Spaces 

Nature Protection and Development 

Sixth Criteria Water harvesting  

Seventh Criteria Urban Thermal Island 

Eighth Criteria Light Pollution  

Ninth Criteria Noise Pollution  

Tenth Criteria Aesthetic of the Project 

Eleventh Criteria Creative Design for the Site`s sustainability 
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- Do not build or construct any buildings, parking areas, or roads on agricultural lands, 

forests, public gardens, and nature reserves. 

- Do not build or construct any buildings, parking areas, or roads on any exploitable water 

resource. 

- Do not build or construct any buildings, parking areas, or roads on lands that are near 

rivers, streams or dams. 

2) Rehabilitation and Reuse of Contaminated Lands: 

Rehabilitation and reuse of contaminated lands is to reuse the lands that were damaged or 

polluted instead of using it as an agricultural land. There are several lands in the urban 

context that have not been used properly because they were polluted by industrial 

activities or by other pollutants activities.  These lands can be treated and rehabilitated so 

that they could be reused for construction. 

3) Social Connection: 

The surrounding areas of the project are an important issue to be aware of, it is preferred 

for the project`s area to be surrounded with at least five of the main services(schools, 

banks, pharmacies, healthcare facilities, libraries, restaurants, bakery, house of worship, 

and shopping areas) in circle radius that is equal to one-kilometer at most from the main 

entrance of the project, so the user would have the ability to reach them on foot, resulting 

to improve his mental and physical health, and minimize the use of 

transportation.Examples: Middle East Insurance Company, Un Worlds Health 

Organization, The Edgo Atrium, Omni Trade Building. They are all located in well-

connected streets, that is surrounded by several services which made the site socially 

connected. 
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4) Transportation: 

Transportation means that the selected site is connected and has easy access to at least 

one of the public transport stations, , to encourage people to use the public transportation 

in order to reduce the pollution that is caused by vehicles and cars. Also, the parking area 

for cars, bicycles, and busses should be available for the users and should not exceed the 

allowed limit.Examples: The Middle East Insurance Company, Un Worlds Health 

Organization, The Edgo Atrium,Izzat Marji Group,Omni Trade Building, are located near 

public transportation, they also have suitable parking areas for the staff and the users. 

Amman Baccalaureate School provides school buses and bicycle storage for the users. 

5) Site development: Nature Protection and Development & Open Spaces 

5.1) Nature Protection and Development: 

The construction works in the site might cause damage to its ecosystem, so raising the 

awareness of the site`s ecosystem is a must from the beginning of the design process of 

the project and after it ends, this could be achieved by preserving the natural spaces in the 

site, other recommendations can be suggested such as, not cutting the trees of the site, 

increase the green area in the site by cultivation instead of covering it with tiles, the use 

of local plants that needs less amount of water for harvesting. Examples of nature 

protection is the Kamalyyah Residence where all the trees during construction were 

taking out, then they were replanted, and in The Dutch Embassy trees and plants that are 

already in the site were maintained. 

5.2) Green and Open Spaces: 

Open areas should be available in urban areas due to their benefits. The area of green and 

open spaces could be increased by reducing the size of the built-up area through vertical 

expansion instead of horizontal expansion. Open spaces include parks, green roofs, and 
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courtyards. Examples to the availability of open spaces could be found in The Edgo 

Atrium, where the building has a roof garden to give the users a chance to enjoy the fresh 

air and enjoy the views of Amman. 

6) Water harvesting: 

Water harvesting means to collect rainwater so that it could be used once again, this 

would reduce the consumption of freshwater. Rainwater could be collected by using 

water tanks and reservoirs. Example: Al Kamalyyah residence has almost self-sufficient 

according to water harvesting, the use of three reservoirs, the first one collects rainwater 

from all roofs for internal use, the second one collects the water from the walkways and 

the paved yards for external use and car wash, the third uses the water from showers and 

basins for irrigation. 

7) Heat Island Effect: 

The term island effect describes built up areas that are hotter than near by areas. Heat 

island can effect communities byincreasing summer peak energy demand, air 

conditioning, costs, air pollution, and greenhouse emissions.(United States Environmetal 

Protection Agency,2020) Using dark colors for pavemtns,sidewalks, and other surfaces 

increase the effect of heat island due to the convection and conduction process.heat island 

eefect can cause to increase temperature by six degrees in urban areas.An example of the 

reduction of the heat island effect is the Edgo Atrium where all parking areas are 

underground. 

8) Light Pollution: 

The effective design of indoor and outdoor lighting systems, the minimum and 

appropriate selection of lighting units, plus choosing lighting systems that reduce glare 
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and provide light balance, all these factors can reduce the light pollution, increase the 

aesthetic and comfort of the site, reduce the energy consumption, and provides comfort to 

the users. 

While designing the lighting systems, the following requirements of the lighting area of 

the project should be determined if possible: 

The first area (Dark areas), includes forests, wild areas, desserts, and reserves. External 

lighting design shall be based on the fact that the intensity of the illumination does not 

exceed one lux within the site`s boundaries and not more than 0.1 lux, 3 meters away 

from the site`s boundary. 

The second area (less darken area), includes the residential areas. Lighting units should 

be installed in a way to ensures safety and comforts in accordance with the nature of the 

project. External lighting design shall be based on the fact that the intensity of the 

illumination does not exceed one lux within the site`s boundaries and not more than 0.1 

lux, 5 meters away from the site`s boundary. 

The third area (Medium illumination area), includes commercial and industrial areas, and 

residential areas with a high population. External lighting design shall be based on the 

fact that the intensity of the illumination does not exceed two lux within the site`s 

boundaries and not more than 0.1 lux, 5 meters away from the site`s boundary. 

The fourth area (High illumination area), includes large cities with a high population, 

entertainment areas, tourist’s attraction areas, and cars sales areas. Lighting units should 

be installed in a way that ensures safety and comforts in accordance with the nature of the 

project. External lighting design shall be based on the fact that the intensity of the 
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illumination does not exceed 6 lux and not more than 0.1 lux, 5 meters away from the 

site`s boundary. 

9) Noise Pollution: 

Noise pollution is not less important than any other pollutant, where noise pollution has a 

negative impact on the psychological and physiological aspects of human. In order to 

reduce the noise pollution, the following aspects should be taken into consideration: 

Measure the volume level at different locations of the project and at different times. 

Use the landscape and vegetation in order to absorb sounds and protect the building in the 

site. 

Schools and hospitals location should be away from any noise resource. 

Airports and railways locations should be away from cities, and residential areas. An 

example of a building that has a sound insulation system to increase the comfort level is 

the Kamalyyah Residence. Table 2.2 shows the maximum permissible level of equivalent 

sound in Decible. 

Table 2.2 Maximum Permissible Level of Equivalent Sound(Decible) 

Location Day Night 

Residential areas in cities 60 50 

Residential areas in suburbs 55 45 

Residential areas in villages 50 40 

Residential areas with 

workshops 
65 55 

Industrial areas 75 65 

Education, treatment, 

worship places 
45 35 
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Reference: (The Green Building Code) 

10) Aesthetic of the Project: 

The aesthetic of the project means that the design of the project should achieve the 

minimum standards of beauty. The following should be taken into consideration at the 

preliminary designing phase: 

- The building's configuration and height should be consistent with the surrounding. 

- The materials and their textures and colors should compatible the local urban context. 

- The appropriate location of water tanks, elevator rooms, solar collectors, drainage pipes 

and the power cables, so they appear integrated with the design. 

The site landscape and design should be studied. 

 

 

 

 

 

2.4.2 Energy Efficiency: 

The second category from the five categories is the energy efficiency, the criteria that the 

researcher had cited are listed in Table 2.3 

Table 2.3 Energy Systems Category 

Number of Criteria Criteria 

First Criteria  Building Orientation  
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Second Criteria Ceilings and Walls in Building Envelope 

Third Criteria  Landscaping 

Fourth Criteria Thermal insulation  

Fifth Criteria Openings in the Building Envelope 

Sixth Criteria Closure of the Building 

Seventh Criteria Natural Lighting 

Eighth Criteria Shading Devices  

Ninth Criteria Natural Ventilation  

Tenth Criteria Computer Simulation for the Building 

Eleventh Criteria Mechanical Ventilation 

Twelfth Criteria Cooling and heating equipment`s and their motors 

Thirteenth Criteria Lighting system  

Fourteenth Criteria Energy-saving systems 

Fifteenth Criteria Control system for cooling, heating, and ventilation 

Sixteenth Criteria On-site renewable energy 

 Reference:(The Green Building Code) 

1) Building Orientation: 

Building orientation is one of the cheapest ways to save energy, as the energy demand is 

reduced by the best selection of the building orientation, and spaces. Besides taking 

advantage of the climate and geographic features of the site. In Jordan in cold areas, the 

main façade of the building and most used spaces should be faced to the south, while in 

the hot areas the main façade of the building and most used spaces should be faced to the 

north. In all areas, the long axis of the building should face the east-west direction, and 

the terraces and balconies should face the south or east direction. Example: The Aqaba 

Residence, since it is located in the hot area, it is very important to develop an energy-

efficient concept, where the best orientation and the best layout was conducted. 

2) Building Envelope Ceilings and Walls 



37 
 

Ceilings, walls, and façade of the building`s envelope should be used in the appropriate 

physical properties depending on the building use and the geographical and climate 

issues, to reduce the usage of energy. In cold areas in Jordan, it's preferred to use flat 

ceilings to reduce heat loss. While in hot areas, it's not preferred to use flat ceilings to 

increase the amount of shadows. 

3) Landscaping: 

Landscaping can minimize the environmental and economic impact through the optimal 

site design, by planting appropriate plants and trees, and by using the suitable soft and 

hardscapes which helps in reducing energy consumption of the building.  In cold areas, it 

is preferred that leafy trees be planted on the south elevation, while in hot areas evergreen 

trees should be planted on the south elevation. 

4) Thermal insulation: 

Thermal insulation is used to reduce heat transfer across the building`s' outer shell, by 

using the proper insulation materials of the building`s envelope. The right insulation of 

the building reduces heating and conditioning loads, which in return reduces energy 

consumption. According to the national building code: 

- The insulation in walls, ceiling, and floors is close to the inner side in cold areas, where 

the insulation is close to the outer side in hot areas. 

- The total thermal transition for exterior walls should not exceed 0.57  W/(m2.K). 

- The total thermal transition for ceilings and floors should not exceed 1.7  W/(m2.K). 

5) Openings in the Building Envelope: 
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Openings in the building should be chosen based on the right kind, placement, proportion 

of openings to reduce heat transfer by openings, therefore, reduces the amount of energy 

needed for cooling and heating. The thermal transitions of the glass (U-Value) should not 

exceed 2  W/(m2.K), if the glass proportion in the elevation is more than 40% and less 

than 70%. The (U-Value) should not exceed 1.6 W/(m2.K), if the glass proportion is 

more than or equal to 70%. Example:in Al Kamalyyah Residence: The northern façade 

has only 10% of openings while there are no openings in the western façade to control air 

infiltration. 

6) Natural Lighting:  

Natural lighting should be available in the occupied spaces during the day hours, to 

reduce the use of the artificial light which in return minimize energy consumption. 

In order to achieve more natural light, the following aspects should be applied if possible: 

-50% of the areas should be lightened with sunlight. 

- Increase the area and window`s height, plus the use of skylight in cold area. 

- In residential buildings, the angle of obstruction should be more than 70 degrees, to 

ensure that light gets into the spaces at least one time during the day hours. 

Examples: in The Middle East Insurance Company, the appropriate design for the 

openings to ensure that natural lighting and ventilation enter through the whole building.  

7) Shading Devices: 

Shading devices should be applied to the elevations in accordance with building 

orientation, the use of the space, and the need for cooling/heating. Shading devices have 
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many different shapes, vertical, horizontal, or egg-crate devices, plus it can be fixed or 

movable. There are several factors affects the design of shading device and they are, 

1- Altitude angle  

2-  Height of the window  

3- Orientation of the façade  

4-  Location of the shading device according to the window. 

When installing a movable shading device, a space between 1cm to 10 cm should be left 

between the device and the elevation. Also, the used material of the shading devices 

should be light in order to keep heat and the shading coefficient than 0.2. 

Examples:in The Dutch Embassy, Amman Baccalaureate School, Kamalyyah Residence 

shading devices were used to minimize the amount of light and heat entering the 

building. 

 Also in the Aqaba Residence, both fixed and movable elements were used for walls and 

windows, walls` shading devices were used to reduce the heat absorption into the house 

while windows shadings were used to prevent sunlight from entering the house. The 

shading device types that were used are the horizontal type, sliding shadings for 

windows, open concrete blocks in front of the staircase window to prevent the sunlight 

and to allow air movement, and the use of fixed shading structures for the outdoor spaces. 

8) Natural Ventilation: 

Natural ventilation means to allow the natural fresh air enter inside the building in order 

to improve the internal environment. Openings for natural ventilation should be designed 

to keep the humidity ratio in the space between 40 to 70%. 



40 
 

9) Computer Simulation for the Building: 

Computer simulation for buildings used to examine, test, and measure the building`s 

performance by creating a mathematical model created on the basis of fundamental 

physical principles The objective of building simulation is the quantification of aspects of 

building performance which is relevant to the design, construction, and operation of the 

building. Computer simulation helps in choosing the correct materials, orientations and 

many other aspects. 

2.4.3 Internal Environment Quality: 

The third category from the five categories is the internal environment quality and it 

consists of ten criteria, listed in Table 2.4. 

Table 2.4 Internal Environment Category 

Number of Criteria Criteria 

First Criteria  Minimum indoor air Quality 

Second Criteria Environmental control of tobacco smoke 

Third Criteria Excessive Ventilation 

Fourth Criteria Control of Pollution and their Sediments 

Fifth Criteria Day Lighting  

Sixth Criteria Artificial Lighting 

Seventh Criteria Thermal Comfort 

Eighth Criteria Thermal Control 

Ninth Criteria Best Audio Performance 

Tenth Criteria Creative Design of Healthy Environment   

Reference:(The Green Building Code) 

 

1) Minimum indoor air Quality: 

The key to achieving a high level of internal air quality is the good ventilation of the 

building, which improves the thermal and psychological comfort of the users. 
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In buildings that use natural ventilation, the designer should be aware that the opening 

area should not be less than 4% of the total area of the space. 

While buildings with active(mechanical) ventilation, the amount of air ventilation is 

determined by the function of space, the occupants load, and the ventilation system. In 

addition to those recommendations the following issues can be taken into consideration:  

The amount of fresh air needed to supply the space= (the average of fresh air needed per 

person (liter/sec/person)* no.of people)+  (the average of fresh air needed for each 

area(liter/sec/m2)* the total area of the space). 

2) Environmental control of tobacco smoke: 

Due to the harmful effects off smoke on the smoker himself, and the people around him, 

smoking is forbidden inside the buildings unless there is a special area for smoking. 

Examples: to achieve a high indoor environment in the The Edgo Atrium, a non-smoking 

policy was implemented, and 30% more fresh air is provided. In Omni Trade Building, 

there is an outdoor area for smoking provided with a ventilation system to improve the air 

quality 

3) Day Lighting: 

Natural lighting minimizes the use of artificial light by 50-80%.  While designing 

daylighting the designer should be aware of creating a balance between heat loss and gain 

and to control the glare and vision`s quality. Natural lighting should be available for most 

of the spaces, in commercial buildings, natural lighting should be available by 50% of the 

total area of the occupied spaces, wherein residential buildings, natural lighting should be 

available by 70% of the total area of the occupied spaces, and in educational spaces it 

should be available by 80% of the total area of the occupied spaces. 



42 
 

4) Artificial Lighting: 

The proper distribution of artificial lighting is an important issue. Moreover, ensuring that 

the lighting control system is accessible to the occupants so they would be able to reach 

their satisfaction and comfort through the possibility of modifying the light intensity 

according to their needs. Example: in The Middle East Company motion sensors were 

connected to the lighting system. 

2.4.4 Resources & Materials: 

The fourth category is the materials and resources and it consists of six criteria listed in 

table 2.5 below. 

Table 2.5 Resources& Materials Criteria 

Number of Criteria Criteria 

First Criteria  Collection of Recyclable Materials and Storage  

Second Criteria Reuse of the Building  

Third Criteria Construction Waste Management  

Fourth Criteria Reuse of the Materials 

Fifth Criteria 

Green Materials – Recyclable materials 

                                  Local/ 

                              Regional materials 

                 Fast-regenerative materials 

   Building materials with low emissions 

Sixth Criteria Creative design for materials and resources 

Reference:(The Green Building Code) 

1) Collection of Recyclable Materials and Storage: 

The collection of recyclable materials can be achieved by providing an area to collect and 

store nonharmful materials (paper, glass, metal, etc.)  in order to recycle these materials 

and provide an area to store the harmful substance not to be recycled but to be sorted 

away from the non-harmful substance. 



43 
 

2) Reuse of the Building: 

Encouraging the reuse of existing buildings, to reduce the amount of the negative impact 

of constructing new buildings, including waste resulting from the transport and 

manufacture of materials needed for the construction of new buildings. 

Examples: the Dutch Embassy was an old villa which then changed to become an 

embassy to minimize construction waste, Al Kammalyyah Residence that was an old 

building which was rehabilitated during construction, the building is about 80 years old. 

3) Construction Waste Management: 

Applying an effective waste management plan reduces the amount of generated waste, 

and contribute to control the depletion of resources, so it’s a necessity to apply the 

management plan to be highly economical. Examples: in Amman Baccalaureate School: 

80% of the construction wastes were reused. The Kammalyyah Residence had zero-waste 

construction, paper bags were retreated and used as soil fertilizer, nylon bags used as 

vapor resistance bags under the pathways, the extra stones from the façade were used for 

fencing and so on. 

 

 

4) Green Materials: 

The reuse of green materials that are recycled, using local or regional materials, 

renewable materials and low emission building materials. Examples: Dutch Embassy,  

Middle East Insurance Company used materials that are available in Jordan,and the Omni 

Trade Building, 26% of the building materials that were used were manufactured by the 
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use of recycled materials. In Arab Technical Group, the interior spaces were renovated 

which utilized the existing materials so no waste was produced, and leftover materials 

were used to construct the exterior smoking area. 

2.4.5 Water Efficiency: 

The fifth category is water efficiency and it consists of seven criteria listed in table 2.6 

below. 

Table 2.6 Water Efficiency  

Number of Criteria Criteria 

First Criteria  The efficiency of tools and equipment that consumes water  

Second Criteria Water efficiency in irrigation for gardens and open spaces 

Third Criteria Greywater 

Fourth Criteria Wastewater 

Fifth Criteria Water harvesting system 

Sixth Criteria Water consumption measurement system 

Seventh Criteria Creative design for water efficiency 

Reference:(The Green Building Code) 

 

ficiency of Tools and EquipmentThe Ef1)  

The efficiency of tools and equipment means to provide buildings with high quality 

sanitary equipment to reduce water consumption. 

2)Water Efficiency in Irrigation for Gardens and Open Spaces 

Water efficiency in irrigation for gardens and open spaces can be obtained by designing 

landscapes so that they consume as little water as possible by using plants that have the 

ability to adapt to the local weather and don't need lots amount of water for irrigation. 

Also using the drip irrigation system is an efficient way to reduce the amount of water 
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used for irrigation where it achieves water efficiency by 95% while using water sprays 

achieves only from 60-70%. 

3) Greywater: 

Greywater that results from different usages can be reused for irrigation, cleaning, and 

other uses to reduce using potable water. 

4) Water Harvesting System: 

The water harvesting system is a system that is established to collect rainwater from roofs 

of the buildings or the outdoor yards where it collects water in tanks so it could be reused 

in several usages. 

5) Water Consumption Measurement System: 

Water consumption measurement system also known as water metering is used to 

measure the amount of used water in any building.  

2.5 Leed`s Standards for Healthcare:  

In 2010 the US Green Building Council, which had created the LEED certification 

program, adapted sustainability standards for healthcare because it had considered that 

healthcare buildings are unique. In 2013 the standards were updated. Table 2.7 shows 

these standards. 

 

Table 2.7 LEED`s Categories for Healthcare 

Category Criteria 

Sustainable Sites: site selection  

 

Development density and community 

connectivity  
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Alternative transportation-public 

transportation access 

Bicycle storage and changing rooms 

Parking capacity  

Low emitting, fuel-efficient vehicles 

 

Site development protect or restore habitat 

Maximize open space 

Storm water design-Quality,Quanitiy control 

Water efficiency Water-efficient landscaping  

Water use reduction  

Water use reduction-cooling towers 

Water use reduction-Building Equipment 

Water use reduction-food waste systems 

Energy & Atmosphere Optimize energy performance  

On-site renewable energy 

Enhanced commissioning  

Enhanced refrigerant management  

Green power  

Materials and resources Storage and collection for recyclables 

PBT source reduction- mercury 

PBT source reduction- mercury in lamps 

Building reuse 

Construction waste management  

Sustainable sourced materials and products 

Furniture and medical furnishings  

Resource use 

Indoor Environmental Quality  Outdoor air delivery monitoring 

Acoustic environment  

Low emitting materials 

Thermal comfort 

Daylight and views 

Indoor chemical and pollutant source control 

Controllability of systems(lighting-Cooling) 
Reference:(Leadership in Energy and Environmental Design,2013) 

 

2.6 Green Building Informative Booklet: 

Table 2.7 Summary for Strategies Used in the Green Buildings 
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The booklet was published by the Jordan Green Building Council. The booklet briefly 

explained and gave information about buildings that achieved the Leeds certification in 

Jordan. After reviewing the green building strategies that were used in those buildings the 

researcher summarized the strategies and benefits in Table 2.7 

 

 

Category 

 

Strategies 

 

Benefits 

Sustainable sites 

 

The location should be in a well-connected 

area and close to public services. 

 

Encourage people to walk to 

improve their health and to 

minimize the use of transportation. 

The use of a water harvesting system. 
Collect rainwater so it could be 

reused 

The availability of open spaces like using 

parks, green roofs, and courtyards 

Maintain the natural balance of the 

ecosystem in the area 

Covered parking areas or design 

underground parking  

Reduce the impact of the urban 

thermal island 

Using green roofs 

Used as insolation, heat 

absorption, provides rainwater 

buffer, reduces the ambient 

temperature 

Energy Efficiency  

 

The use of energy-saving lighting systems. 

Decrease the amount of energy 

consumption which reduces the 

energy bill 

Using photovoltaic panels  
Generate electricity from a 

renewable source 

Good insulations for building envelope and 

the use of high performance glass (double 

glazed windows). 

 

Reduce the amount of energy 

consumption 

Maximize the amount of natural lighting 

and control the amount of lighting by using 

shading devices. 

Using natural lighting reduces the 

use of artificial lighting, using 

shading devices reduce the amount 

of heat gain and minimize cooling 

requirements 

Allowing natural ventilation 
Reduce heat loads which reduces 

cost and the used energy  

Installing high efficient HVAC system 
Reduce the amount of energy 

consumption 

Installing a solar water heating system. 
Reduce the energy needed for 

water heating 
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Reference:(The Researcher) 

 

 

  

Internal Environment Quality 

Installing thermal comfort control 

systems. 

 

Maintain the comfort level of the 

occupants  

Prohibiting smoking inside the 

building. 

Improves indoor air quality which 

improves occupants satisfaction 

Natural ventilation  Users can get fresh air 

Spaces should be designed to 

enable access to views. 

Users would be able to enjoy 

viewing the surrounding area 

Noise insulation to increase the 

comfort level of the users. 

 

Increase the comfort level of the 

users 

 

Materials and Resources 

The use of environmentally 

friendly and pollutant-free (low 

emitting) finishing materials. 

 

Provide a healthy indoor 

environment and reduce the 

number of indoor air pollutants 

containing harmful odors 

Using local building materials 

 

Minimize the cost of imported 

materials  

Rehabilitation of old buildings 

Rehabilitation of old buildings 

reduces the impact of construction 

and the need for new materials 

The use of locally made furniture 

and finishes with recyclable 

content. 

Preserving raw materials, 

minimizing waste and minimizing 

the effects associated with their 

extraction 

Waste recycling for (paper, glass, 

metal) and construction waste 

recycling. 

Reduce the amount of waste 

transferred to landfills to reduce 

the environmental impact 

Water Efficiency 

Using water-saving equipment. 
To reduce the amount of water 

consumption 

Water recycling system. 
To use it instead of using drinking 

water 
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2.7 Conclusion 

This chapter comprised the previous studies, some of the studies were about sustainability 

and sustainable methods in general, others were about sustainability in hospitals. It also 

contained the standards of sustainability and green buildings that are used in Jordan, plus 

to some local case studies that had implemented sustainable methods. According to the 

previous, the researcher had summed the following: 

1) Sustainability is important in various fields not only in buildings but also in urban 

planning, where green and open spaces improve the quality of the environment. 

2) Implementing sustainable methods for any kind of building is effective. 
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Chapter Three 

 

Data Collection 
 

3.1 Introduction 

This chapter includes all the data that were needed in this research, it includes general 

information about the area of the hospital, general information about the hospital, the 

hospital`s plans with description for each floor, the green standards, and the suggested 

recommendations. 

3.2 Study Area  

3.2.1 Study Area: Jordan- Amman (macro) 

The area of the Hashemite Kingdom of Jordan is 89342 Kilometers with a population of 

more than 9.5 Million Jordan has 12 Governorates that are divided into three regions: The 

Northern Region (includes Irbid, Mafraq, Jerash and Ajloun) while the Central Region 

(includes Amman, Zarqa, Balqa, Madaba) and the Southern Region (includes Karak, 

Tafila, Ma'an, Aqaba). Amman a capital has the highest population reaches up to 4 

million, and it is one of the major cities besides Zarqa and Irbid. 

Jordan boundaries are Syria, Saudi Arabia, Iraq, and Palestine. The climate of Jordan is 

mostly hot dry desert with a rainy season between November to April. Jordan is a free 

market economy, ranked as the fifth freest economy in the Middle East and North Africa 

region in the Index of Economic Freedom. Its free-market economy enjoys strong 

partnerships amongst its neighboring country as well as Europe and the USA.  
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Jordan`s climate varies from the Mediterranean in the west to desert in the east and south, 

but usually the climate is subtropical arid, with cold winters and sunny summers. Jordan 

has four biogeographical regions, the Irano-Turanian, Mediterranean, Saharo-Arabian, 

and the Sudanian Penetration, as shown in figure 3.1. The rainfall is scarce, and occur 

from November to April, with an annual rainfall ranges between 250 and 450 millimeters 

in the north-western area and decreases in the rest of the country. Amman is located in 

the north-western area where the precipitation reaches to 245 millimeters per year ,as 

shown in figure 3.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Jordan Biogeographical Regions 

Reference: https://books.openedition.org/ifpo/4871?lang=en 
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Figure 3.2 Average Rainfall in Amman. Reference: https://www.weather-

atlas.com/en/jordan/amman-climate 

The sun often shines in Amman even in winter. The month with the longest days is June 

with an average daylight of (14 hours), and the month with the shortest days is December 

with an average daylight of (10 hours). The month with the most sunshine is July with an 

average sunshine of (12hours), the month with the least sunshine are January and 

December with an average sunshine of (5hours). figure 3.3 shows the average of daylight 

and sunshine hours in 

Amman. 
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Figure 3.3 Daylight & Sunshine Hours in Amman Reference: https://www.weather-

atlas.com/en/jordan/amman-climate 

 The 

average annual percentage of humidity is 48% in Amman. On average, January has the 

highest humidity ratio, and may has the least humidity ratio, as shown in figure 3.4 

 

 

 

 

Figure 3.4 Humidity Ratio in Amman 

Reference: https://weather-and-climate.com/average-monthly-Humidity-perc,Amman,Jordan 

3.2.2 Study Area: Wassfi Al-Tal Street (micro)  

To achieve the objectives of this research, the Gardens hospital was chosen as a local 

case study. The Gardens 

hospital is located in 

Amman in Wassfi Al Tal 

Street. In the past, Wassfi Al 

Tal Street named as The 

Gardens area due to the farms 

and the agricultural lands. In 1978 the municipal of Tlaa al Ali erected a main a road, 
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about 8-10 meters, and in the eighties, the Greater Amman Municipality changed its 

name to become Wasffi al Tal street. In the 1990 Greater Amman Municipality began to 

make expansion and rehabilitation for the street and was officially done in 1992 to 

become wide street with 28-30 wide, and 6331 km long. Figure 3.5 shows Wassfi Al Tal 

Street and the location of the Gardens hospital. 

 

 

 

 

Figure 3.5 Wassfi al Tal Street & Al Gardens Hospital Location (Google Maps 2018)  
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3.3 Case Study: Al Gardens Hospital 

 

 

 

 

 

 

 

 

 

Figure 3.6 Gardens Hospital 

 

The Gardens Hospital is a private general hospital with 165 beds and a total area of 

27,000 square meters, its total plot area is 5230 square meters. The hospital consists of a 

10-storey with a height that reaches 30 meters. The patients' rooms are spread over three 

floors and are divided into several classes (the first and the second classrooms, the royal 

sweets, the VIP sweets, and the elite sweets). The outpatients clinics are on the ground 

floor and they are twenty-one clinics. The hospital is equipped with 10 operating rooms. 

It also has two parking floors for 236 cars and an outdoor parking for 40 cars.  

The hospital has two main entrances located on two different streets, and one emergency 

entrance, the entrances are located on 12-meter wide streets with two different levels with 

a slope of 10 meters, as shown in figure 3.7 The main entrances are shown on the site 

plan figure 3.10. The hospital is located near a commercial area and surrounded by 
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different services, figure 3.8 shows the landmarks near the hospital. The hospital was 

built using local stone and glass, as shown in figure 3.9.  

The main parts of the hospital are: 

• Emergency                                                        

• Laboratory 

• Radiology 

• Cosmetic Laser 

• Physiotherapy  

• Pharmacy  

• Gynecology  

• In vitro fertilization (IVF) 

• Cardiac Cath. Unit  

• Intensive Care Unit (ICU) / 

Cardiac Intensive Care Unit 

(CCU) 

• Lithotripsy 

• Dialysis 

• Neonatal Intensive Care Unit 

(NICU) 

• Endoscopy Unit  

• Accommodation  

• Outpatient clinic 

• Cafeteria

 

 

 

 

 

Figure 3.7 Section Shows Slope Level

989 m 

979m 



57 
 

Figur

e 3.8 

Land

mark

s 

Arou

nd 

the 

Site 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig

ure 

3.9 

Th

e Used Building Materials 



58 
 

3.4 Data Collection: 

The needed data for this research were collected from several places. The hospital data 

were collected from the architects and the designer of the hospital, visiting the hospital 

and meeting with the department engineer in charge(Appendix A). The green standards 

data were obtained from the Green Buildings Code of Jordan from The Jordanian 

Ministry of Public Works and Housing ( JMPWH).  

 3.4.1 The Hospital`s Plans and Data: 

The site plan shows the main entrances for patients and visitors and the parking area with 

their entrances and exits. 

 

Figure 3.10 Site Plan 
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Floors Description: 

The ground floor of the hospital has 21 outpatient clinics, each clinic consists of a waiting 

area, bathrooms, doctor`s office, and an examination room. Also, the ground floor has a 

special separated entrance, for the outpatients clinics.  

The first basement floor contains the In Vitro Fertilization (IVF) labs, operation rooms, 

delivery rooms, newborn nursery, patients bedrooms, staff rooms, bathrooms, private 

corridors which visitors cannot use because they are sterilized, public corridors and the 

waiting area. 

The second basement contains the Intensive Care Unit(ICU), operating rooms, cath lab 

which is a heart examination room, the endoscopy which is a digestion examination, staff 

rooms, public and private corridors. 

The third basement floor contains the other entrance, lobby, the administration area, 

emergency department, gift shops, cafeteria, blood tests labs, examination department for 

the IVF. 

The cellar floor contains the kitchen, laundry area, physiotherapy department, stores, 

radiology department, cafeteria, dialysis, and staff rooms. 

The parking lots are distributed in two floors with the capacity of  236 cars, and they 

contain storage rooms, boiler room, diesel room, and water and fire department.  
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Figure 3.11 Ground Floor Plan(Panorama Consulting Engineer Company)  
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Figure 3.12 Basement1 Plan (Panorama Consulting Engineer Company) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.13 Basement 2 Plan (Panorama Consulting Engineer Company) 
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Figure 3.14 Basement 3 Plan (Panorama Consulting Engineer Company) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.15 C1  Plan (Panorama Consulting Engineer Company) 
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Figure 3.16 Parking 1 Plan (Panorama Consulting Engineer Company) 
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Figure 3.17 Parking 2 Plan (Panorama Consulting Engineer Company) 

As mentioned before, the data needed for this research were collected by making personal 

interviews with the designers and by fields surveys that included several visits to the 

hospital and making personal interviews with people in charge in the department of 

engineering. The collected data are: 

1. The hospital is located near to a gas station on Wassfi Al Tal Street, Wassfi Al Tal 

Street is a well-connected area, the hospital is near the main services and public 

transportation in radius not more than one kilo-meter. 

2. Sometimes a little of noise pollution occurs from Wassfi Al Street during the peak 

hours, where the researcher visited the hospital on several times, visits were during 

the peak hours and visits weren’t during the peak hours.  
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3. The hospital has two parking floors with a capacity of 236, and an exterior parking 

with a capacity for 40 cars, which is an adequate amount of parking spaces. 

According to the regulations for hospitals` parking, there should be 1 parking for 

every 80m
2 

(Engineers Association law,2001). 

4. The ratio of green spaces according to the lands total area is too small, where the 

area of the green space is 143m
2
 and the total land`s area is 5230 m

2
, therefore the 

green area is about 3%, and there are no trees planted in order to reduce sun rays in 

summer.  

5. Types of plants on site are, the Euonymus plants ,the Lavender, Palm trees and 

grass.  

6. The percentage ratio of the building`s area to the lands total area is   63.5%. 

7. The hospital doesn’t use rain water harvesting system or gray water filtration 

system. 

8. The building is oriented towards the east-west and the main façade faces the south. 

9. The used glass is a double glazed blue reflective tempered glass, and the 

proportion of the openings (void area) is 46% on the south elevation. 

10.  Natural lighting is available in most of the spaces. 

11. The insulation that was used is a 3cm thickness Polystyrene insulation. The u-

value of the Polystyrene is 0.66 (Your Guide to Building Envelope Retrofits,2018) 

12. Natural ventilation is available in some spaces of the hospital. 

13. The hospital uses LED lighting system. 

14. No shading devices were used on the elevations. 
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15. After the researcher tested the water flows of the faucets and the water sprays used 

in the hospital it was found that their flow is more than 3 liter/min. 

16. According to experts in the hospital, the waters consumption of the hospital is 

equal to 200 m3 per day which means 73,000m3 per year 

17. The energy consumption in the hospital is equal to 7619 (kw/h). 

18. The hospital doesn’t use any kind of renewable energy sources. 

19. The hospital uses 3 chillers for cooling and heating two of them are for the entire 

hospital, and one especially for the operation rooms, their nominal supply is 

380/50/3 VOL/Hz/PH, this means that they are not efficient. To lower from their 

consumption, A VFD system was used. And it is a smart automated system. 

20. The researcher found that the indoor air quality and the thermal comfort is suitable 

for the occupants, by interviewing workers, and patients inside the hospital. 

21. The hospital uses efficient filtration system that ensures no spreading of germs.  

22. Smoking is forbidden inside the hospital. 

23. The hospital doesn’t apply any recyclable plan for the used materials. 

24. The hospital used local building materials. 

3.4.2: Green Standards 

As mentioned before, the green standards that this research is based on were obtained 

from the Green Buildings Code of Jordan. The data related to this topic were collected by 

field surveys, and by making personal interviews with the responsible parties(Appendix 

A). Table 3.1 shows the categories and the criteria in each category that the researcher 

had studied. 

Table 3.1 Green Categories 
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Sustainable Sites 

Site selection  

Social Connection 

Transportation  

Site Development 

Open Spaces 

Water Harvesting  

Urban Thermal Island 

Light Pollution  

Noise Pollution  

Aesthetic of the Project 

Energy Efficiency 

Building Orientation 

Landscaping 

Openings in the Building Envelope 

Thermal Insulation 

Natural Lighting 

Shading Devices 

Natural Ventilation 

Mechanical Ventilation 

Cooling and heating equipment`s and their 

motors 

Energy-saving systems 

Lighting system efficiency 

Control system for cooling, heating, and 

ventilation 

On-site renewable energy 

Indoor Environment Quality 

Minimum indoor air Quality 

Environmental control of tobacco smoke 

Excessive Ventilation 

Control of Pollution and their Sediments 

Day Lighting  

Artificial Lighting 

Thermal Comfort and control 

Materials and Resources 

 

 

Collection of Recyclable Materials and 

Storage 

Reuse of the Building  

Reusing construction waste 

Green Materials 

Water Efficiency 

Water fixtures efficiency 

Irrigation system 

Gray water  

Water harvesting system 

Water consumption measurement system 
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3.6 Conclusion: 

This chapter contained general information about the case, starting from the site and its 

location to the building itself, where it contained the building's architectural plans, with a 

brief description of them.  It also contained information about the hospital that were 

needed in this research. It also included the sustainability categories depending on the 

Green Buildings Code in Jordan to which the hospital will be evaluated. 

 

 

 

 

 

 

 

 

Chapter Four 

 

Data Analysis  
 

4.1 Introduction 

This chapter contained an evaluation for the hospital before and after implementing the 

proposed methods and gave a complete description of these methods, and shows how 

they would be used to improve the building`s efficiency. Plus, to economic analysis and 
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feasibility study to each of the suggested methods which are (shading device, solar cells, 

occupancy sensor, water harvesting system, gray water filtration system, and the water-

saving fixture). 

4.2 Analytical Evaluation of the Building 

Based on the information that the researcher had collected, the hospital was evaluated 

according to the Green Buildings Code of Jordan. Evaluation was made for every 

criterion in each category, if the criterion was attained in the hospital, it was indicated as 

(√) and will get one mark, if not, it was indicated as (X) and it won’t get any points. The 

total number of the criteria is 38. If the criterion was attained in the hospital, then another 

evaluation was made according to voluntary requirements, these requirements if they 

were achieved, then the hospital will get extra point. The number of points is according to 

the numbers of the requirements in each criterion, if there were no voluntary 

requirements then it was indicated as (0). The total number of the requirements is 43.as 

shown in table 4.1.  
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Table 4.1 Evaluation Before Proposing Suggestions 
Category Criteria Standard Evaluation Hospital Features Requirements points 

Sustainable 

Sites 

Site selection  

Selecting the 

right site 

and 

appropriate 

areas  

x 
The hospital is 

located near to a gas 

station 

Conducting an 

environmental 

impact assessment 

study for the project 

(0/1) 

Social 

Connection 

Connecting 

the project 

with the basic 

service units 

√ 

The hospital is 

located in a well-

connected area, and 

it is near to five 

main services in 

circle radius that is 

not more than one-

kilometer 

The building`s site 

should be near 

basic services of a 

radius of no more 

than one kilometer 

from its main 

entrance 

(1/1) 

Transportation  

Motivating 

the project 

design to use 

appropriate 

transportation  

√ 

-The hospital has an 

adequate amount of 

parking spaces 

- The hospital is near 

to public 

transportation 

- Determine the 

capacity of the 

parking spaces 

designated for the 

project, as 

appropriate 

- the project should 

be near to public 

transportation  

(2/2) 

Site 

Development 

Open Spaces 

Open spaces 

should be 

available and 

considering 

the 

ecosystem on 

the site 

x 

The ratio of open 

spaces according to 

the land`s total area 

is too small. 

The use of native 

plants. 

-Provide an open 

cultivated area with 

25% of the land 

area 

(0/1) 

Water 

Harvesting  

Collecting 

rainwater so 

it could be 

reused 

x 
No rainwater 

harvesting system 

was used 

-Collect rainwater 

in tanks 
(0/1) 

Urban 

Thermal 

Island 

Reducing the 

impact of the 

urban 

thermal 

island by 

taking the 

necessary 

measures 

x -No green areas 

were used to 

minimize heat island 

-The parking area is 

not covered, this 

would increase from 

the thermal island 

effect 

-shading by 

applying trees or 

plants 

-covering parking 

spaces 

(0/2) 

Light 

Pollution  

Reducing 

light 

pollution 

caused by 

internal and 

external 

lighting 

√ No light pollution  

- Providing external 

lighting devices 

with control 

devices that do not 

allow them to 

operate during 

daylight hours 

(0/1) 

Noise 

Pollution  

Reducing 

noise 

pollution and 

noise that 

x 
A little of noise 

pollution due to 

Wasffi AlTal Street 

Take the right 

measures to 

minimize noise 

pollution 

(0/1) 
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reaches the 

project 

Aesthetic of 

the Project 

The project 

should fulfill 

the minimum 

beauty 

requirements 

√ 
Beautiful 

architectural design 

for the project 

-The project should 

fulfill the minimum 

beauty 

requirements for 

elevations 

-The project should 

fulfill the minimum 

beauty 

requirements for 

the site plan 

 

 

(2/2) 

Energy 

Efficiency 

Building 

Orientation 

Directing the 

building to 

the best 

direction 

√ 

The longer side of 

the building is 

oriented towards the 

east-west, and the 

main façade faces 

the south 

-in cold areas, the 

main façade should 

be facing the south 

-the longer axis of 

the building should 

face the east-west 

(2/2) 

Landscaping 

Planting trees 

so they 

would have 

an efficient 

role in energy 

saving 

x 

No trees were 

planted in order to 

reduce sun rays in 

summer 

Deciduous plants of 

appropriate height 

should be planted in 

the southern façade 

(0/1) 

Openings in 

the Building 

Envelope 

Suitable 

design of 

openings  

x A high proportion of 

openings plus to the 

use of  double 

glazed windows 

-shading coefficient 

value should not be 

more than 0.35 

(0/1) 

Thermal 

Insulation 

Using good 

insulation for 

the building 

to reduce 

heat transfer 

x The use of (3cm) 

thickness 

Polystyrene 

insulation with u-

value=0.66 which 

isn`t  good and the 

u-value is > 0.57 

The u-value for 

walls should not 

exceed 0.57 

(0/1) 

Natural 

Lighting 

Provide 

natural 

lighting in 

most of the 

occupied 

spaces 

√ 

Natural lighting is 

available due to the 

curtain wall that is 

used 

-50% of the spaces 

should be lighted 

by natural lighting 

and the light should 

enter from both 

sides 

-windows height 

should exceed 2.2 

cm and skylights 

should be available 

(1/2) 

Shading 

Devices 

Provide 

shading 

devices that 
x 

No shading devices 

were used 

-shading devices 

should be used  
(0/1) 
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are 

compatible 

with the 

buildings 

envelope 

Natural 

Ventilation 

Provide 

healthy 

natural 

ventilation 

√ 

Natural ventilation is 

allowed through the 

openings in the 

facades 

-using Mashrabya 

-using courtyards 

-using  caster 

(0/3) 

Mechanical 

Ventilation 

-using 

energy-

efficient 

mechanical 

ventilation 

√ 
Energy-efficient 

mechanical 

ventilation 

-using speed 

shifting engines 
(1/1) 

Cooling and 

heating 

equipment`s 

and their 

motors 

Using 

energy-

efficient 

equipment 

x 

The use of non-

energy-efficient 

cooling and heating 

systems. 

- 
(0) 

 

Energy-saving 

systems 

Using energy 

saving 

systems to 

lower energy 

consumption 

√ 

The hospital uses the 

VFD system for the 

chillers to save 

energy 

- (0) 

Lighting 

system 

efficiency 

Using an 

energy 

efficient 

lighting 

√ 

The use of an 

energy-efficient 

lighting 

system(LED). 

Using an energy-

efficient lighting 

system 

(1/1) 

Control 

system for 

cooling, 

heating, and 

ventilation 

Using smart 

automatic 

control 

systems  

√ 
Smart automatic 

systems are used 

Using smart 

automatic control 

systems that depend 

on temperature 

humidity. 

(1/1) 

On-site 

renewable 

energy 

Using 

sources of 

renewable 

energy  

x 
There is no on-site 

renewable energy 

was used 

The proportion of 

the contribution to 

2.5%,5%,7.5%,10% 

(0/1) 

Indoor 

Environment 

Quality 

Minimum 

indoor air 

Quality 

Achieve the 

minimum 

indoor air 

quality 

√ 
Indoor air quality is 

suitable for the 

occupants 

Carry out indoor air 

quality analysis 

through simulation 

programs 

)0/1) 

Environmental 

control of 

tobacco 

smoke 

Forbidden 

smoking 

inside 

buildings 

√ 
Smoking is 

forbidden inside the 

hospital 

- (0) 

Excessive 

Ventilation 

Apply 

strategies to 

allow fresh 

air inside the 

building 

√ 

Both natural and 

mechanical 

ventilation are 

available in the 

hospital  

Increase ventilation 

ratio by 30% 
(1/1) 
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Control of 

Pollution and 

their 

Sediments 

Using special 

systems for 

controlling 

pollution 

√ 
An efficient air 

filtration system is 

used,  

- (0) 

Day Lighting  

Allow natural 

lighting 

inside spaces 
√ 

Daylight is available 

due to the openings 

in the facade 

Using smart 

automation system 
(0/1) 

Artificial 

Lighting 

Distributing 

lighting areas 

and 

providing the 

building 

occupants 

with a high 

level of 

control 

√ 

The occupants have 

the ability to control 

lighting according to 

their comfort 

-Apply separate 

spacing control 

system 

-apply a separate 

control system for 

spacing beside 

windows 

  

(0/2) 

Thermal 

Comfort and 

control 

Design 

buildings in 

ways that 

achieve the 

occupants' 

comfort level 

And control 

it 

√ 

High thermal 

comfort level inside 

the building and the 

users are able to 

control it 

- (0) 

Materials 

and 

Resources 

 
 

Collection of 

Recyclable 

Materials and 

Storage 

Presence of  

an area in the 

building that 

is used to 

store and 

collect waste 

x 

No recyclable plan 

for materials was 

used 

-Presence of  an 

area in the building 

that is used to store 

and collect 

harmless waste 

-Presence of  an 

area in the building 

that is used to store 

and collect harmful 

waste 

 

(0/2) 

Reuse of the 

Building  

Reusing old 

buildings 

x 

It is a completely 

new building  

Keeping about 85% 

of the old building  

structural elements 

Keeping about 50% 

of the old building  

un structural 

interior elements 

 

(0/2) 

Reusing 

construction 

waste 

Reuse waste 

from 

construction  

x 
Construction waste 

has not been used 
- (0) 
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Green 

Materials 

Using 

recycled 

materials 

x 
The use of local 

building materials 
- (0) 

Water 

Efficiency 

Water fixtures 

efficiency 

Provide 

buildings 

with water-

efficient tools 

and water-

consuming 

devices 

x 

Not all fixtures are 

efficient 

-water sprays (3 

liter/minute) 

-water faucets (3 

liter/ minute) 

(0/2) 

Irrigation 

system 

Designing 

Landscape to 

consume a 

minimum 

amount of 

water  

√ 

-using native 

adapting plants 

-covering the soil 

with mulch cover 

- no efficient method 

used for irrigation 

-Plant trees that 

have the ability to 

adapt local weather  

-cover soil top with 

mulch cover 

-use water efficient 

water irrigation 

system(dripping 

method) 

(2/3) 

Gray water  

Reuse of gray 

water in 

irrigation, 

cleaning 

toilets, car 

washing 

× 

No greywater 

recycling system 

was used 

-install a gray water 

system 
(0/1) 

Water 

harvesting 

system 

Apply water 

harvesting 

system on all 

building`s 

roof with an 

area that is 

more than 

200 m
3
, and 

with water 

fall more 

than 300 

millimeter 

× 

No water harvesting 

system was used 

-Design the project 

to make use of the 

building`s roof 

(0/1) 

Water 

consumption 

measurement 

system 

Use water 

metering 

tools 

√ Water consumption 

measurement system 

is available at the 

hospital 

- (1/1) 

Total 20 /38  Total 15/43  
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According to the data in Table 4.1, the hospital achieved 20 criterion out of 38 ,and 

according to voluntary requirements it achieved 15/43.the hospital's negative features` are 

summarized below so the researcher can come up with improvements to enhance the 

efficiency of the building. 

1) The hospital is near a gas station. 

2) The ratio of open spaces according to the land`s total area is too small. 

3) No rainwater harvesting system is used. 

4) No treatments had been applied to the big proportion of openings. 

5) No gray water treatment system is used. 

6) No renewable energy sources are used, like using (solar photovoltaic cells). 

7) No recyclable plan for materials was used. 

8) Water faucets and sprays are not water savings fixtures. 

 

4.3 Proposed Improvements: 

According to the current status of the hospital, the researcher has suggested several 

methods and practices that are going to be applied to the hospital in order to raise it`s 

efficiency to a better level to be a model of green hospital, which would improve the 

thermal comfort, optimize energy and water efficiency, where in return reducing energy 

bills and the operational cost. The cost of these improvements might be high according to 

the initial cost, but in the long term, it is costless and can save a lot. 
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These improvements are: 

1) Implementing horizontal shading devices on the south elevation of the building. 

2) The installation of solar photovoltaic cells. 

3) Installing occupancy sensors to control the lighting system. 

4) Installing a rainwater harvesting system. 

5) Installing a gray water filtration system. 

6) Applying water-saving parts for faucets and flow regulators for sprays. 

7) Applying a green wall in the reception`s waiting area. 

4.3.1 Shading Devices: Shading devices play an important role in controlling the amount 

of sunlight entering the building. Well-designed shading devices can reduce the amount 

of heat gain, improve the natural lighting quality for the interior spaces and minimizes 

cooling requirements, moreover, shading devices improve visual comfort by controlling 

glare. Sunlight is necessary in winter for heating to reduce the use of artificial heating, 

therefore, reducing the amount of energy consumption needed for heating. On the other 

hand, sunlight is not desired in summer, because of that the right placement and the right 

kind of shading devices should be applied carefully.  

The design of effective shading devices depends on sun orientation and the building 

façade. 

As mentioned before shading devices have different types, vertical, horizontal, or egg-

crate shading devices. 

Horizontal Shading Devices: Horizontal shading devices are effective in the southern 

direction.  
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Vertical Shading Devices: Vertical shading devices are effective in the eastern and 

western direction, and in areas that have low sun angle. 

Egg-Crate Shading Devices: cross shading devices consist of vertical and horizontal 

louvers, and it is used in areas with very high temperatures that require a high portion of 

shading. 

4.3.2 Solar photovoltaic cells (PV System): Sunlight is a renewable energy that never 

ends, due to that the use of PV System is widely spreading, to lower the pressure on fossil 

fuel. PV System is a device that converts sunlight into electrical energy (direct current) 

which then will be sent to the inverter, the inverter then transforms the DC(direct current) 

to AC (alternating current) electricity, then the solar electricity and the utility power will 

be distributed to by an electrical panel. Some of the PV systems have batteries so the 

saved energy could be used at night. The most commonly used, and the simplest, cost-

effective system is the grid-connected system. 

4.3.3 Occupancy sensor: Occupancy sensor is a motion-detecting device that is used for 

indoor and outdoor spaces to detect the presence of users to control lighting, temperature, 

or ventilation system.  Motion sensors have three main primary categories, passive 

infrared (PIR) Technology, Ultrasonic Technology (US) and Dual Technology, the 

passive infrared sensor work by reacting to energy sources like the movement of human 

body in the space, while the Ultrasonic sensor emits ultrasonic sound waves that bounce 

off the object and measures the time that the waves need to return. The Dual Technology 

sensors use the combination of passive infrared and ultrasonic technology. The passive 

infrared(PIR) is used for small places, whereas the Dual technology is good for larger 

spaces. 
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4.3.4 Water Harvesting System: Water harvesting system is a technique used to collect 

rainwater and store so it could be reused rather than allowing water to run off, where 

rainwater can be collected from rooftops, roads, solid areas and by using simple methods 

like tanks and water collection channels(pipes). Rainwater collection has many benefits 

like, rainwater is a renewable, clean free source, collecting rainwater helps to conserve 

water, where rainwater can be used for several activities plus to the inexpensive 

installation of rainwater harvesting system and it is easy to maintain. Rainwater 

harvesting system has three methods which can range in their complexity, from systems 

can be installed with simple methods to automated methods, the three methods are: rain 

barrels which are the simplest method to be used, where the pipes run from rain gutters 

into the tank, the Dry System, is a method like the rain barrels, but it involves a larger 

storage volume. 

and the Wet System which involves locating the collection pipes underground. 

 

 

 

 

 

 

 

 

 

Figure 4.1 Example of Water Harvesting System 
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4.3.5 Gray water Treatment System: 

Gray water is untreated wastewater generated from bathtubs, laundries, washing 

machines, washing basins water, and not the water from toilets, dishwashing basins, 

dishwasher or any similar polluted sources. Reusing gray water is part of sustainable 

management for water resources, and it is an alternative water source with extensive 

benefits for the water supply system because it reduces the demand for using freshwater. 

Gray water can be used for irrigation, toilets flushing, cleaning and other uses.  

4.3.6 Water-Saving parts and flow Regulators:  

Water-saving parts and regulators are parts that are used to provide a maximum and 

constant flow rate to reduce the amount of water consumption. 

4.3.7 Green walls: also known as vertical gardens or living walls are used in indoor 

spaces to create unique and decorative space. Green walls are used instead of gardens 

when there is no suitable space because green walls require vertical space only, green 

walls have benefits on the environment and human health where they reduce stress levels. 

Moreover, green walls improve thermal insulation, absorb noise, and have an attractive 

appearance. Figure 4.2 shows the components of green wall. 
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Figure 4.2 Green Wall Components 

After proposing suggestions, another evaluation was made and results are shown in Table 

4.2. 

Table 4.2 Evaluation After Proposing Suggestions 

Category Criteria 
Evaluation 

Before 
Evaluation 

After 
Points 

Before After 

Sustainable 

Sites 

Site selection  × × (0/1) (0/1) 

Social 

Connection 
√ √ (1/1) (1/1) 

Transportation  √ √ (2/2) (2/2) 

Site 

Development 

Open Spaces 
× × (0/1) (0/1) 

Water 

Harvesting  
× √ (0/1) (1/1) 

Urban Thermal 

Island 
× √ (0/2) (1/2) 

Light Pollution  √ √ (0/1) (0/1) 

Noise Pollution  × × (0/1) (0/1) 

Aesthetic of the 

Project 
√ √ (2/2) (2/2) 

Energy 

Efficiency 

Building 

Orientation 
√ √ (2/2) (2/2) 

Landscaping × × (0/1) (0/1) 

Openings in the 

Building 

Envelope 
× × (0/1) (0/1) 

Thermal 

Insulation 
× × (0) (0) 

Natural Lighting √ √ (1/2) (1/2) 

Shading Devices × √ (0/1) (1/1) 
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Natural 

Ventilation 
√ √ (0/3) (0/3) 

Mechanical 

Ventilation 
√ √ (1/1) (1/1) 

Cooling and 

heating 

equipment`s and 

their motors 

× × 
(0) 

 

(0) 

 

Energy-saving 

systems 
√ √ (0) (0) 

Lighting system 

efficiency 
√ √ (1/1) (1/1) 

Control system 

for cooling, 

heating, and 

ventilation 

√ √ (1/1) (1/1) 

On-site 

renewable 

energy 
× √ (0/1) (1/1) 

Indoor 

Environment 

Quality 

Minimum indoor 

air Quality 
√ √ )0/1) )0/1) 

Environmental 

control of 

tobacco smoke 
√ √ (0) (0) 

Excessive 

Ventilation 
√ √ (1/1) (1/1) 

Control of 

Pollution and 

their Sediments 
√ √ (0) (0) 

Day Lighting  √ √ (0/1) (0/1) 

Artificial 

Lighting 
√ √ (0/2) (0/2) 

Thermal 

Comfort and 

control 
√ √ (0) (0) 

Materials and 

Resources 

 
 

Collection of 

Recyclable 

Materials and 

Storage 

× × (0/2) (0/2) 

Reuse of the 

Building  
× × (0/2) (0/2) 

Resuing 

construction 

waste 
× × (0) (0) 

Green Materials × × (0) (0) 

Water 

Efficiency 

Water fixtures 

efficiency 
× × (0/2) (2/2) 

Irrigation system √ √ (2/3) (2/3) 

Gray water  × √ (0/1) (1/1) 

Water harvesting × √ (0/1) (1/1) 
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system 

Water 

consumption 

measurement 

system 

√ √ (1/1) (1/1) 

 Total 20/38 Total 26/38 
Total 

15/43 
Total 23/43 

 

Reference:(The Researcher) 

According to Table 4.2, we can see how the evaluation results had changed from 20 to 26 and 

from 15 to 23 after implementing the proposed methods. 

4.4 Improvements Implementation on the Building 

4.4.1 Shading Devices: Horizontal shading devices were suggested to be used on the 

south elevation because it is widely exposed to the sun. As known the angle of the sun 

changes according to the four seasons. In Amman, the sun`s angle in summer is equal to 

82 degrees, while in winter it`s equal to 35 degrees. The shading devices that are going to 

be used will allow the sunlight in winter to enter the building and will block sunlight in 

summer from entering. Figure 4.3 shows the sun altitude in summer and is used to 

calculate the depth of the shading devices. Figure 4.4 is a 3D shot for the shading devices 

on the south. To calculate the depth of the shading device, the following procedure was 

used: 
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The depth of the shading device is equal to the depth of CD, and since the angle of θ1 is 

equal to 82
0
(the sun`s altitude in summer), the angle of θ2 which is the complementary 

angle to θ1 could be calculated and found to be 8
0
, CD is the opposite of θ2, and we 

know the adjacent of θ2 which is the height of the window (2,10 m), calculating the 

tangent of θ2, we get the minimum depth of the shading device, which was found to be 

30cm. 

 

 

 

 

 

 

 

 

 

 

Θ2= 8 

Figure 4.3 Calculation Example 

 

CD 

Θ1= 82 
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Figure 4.4 3D Shot of Shading Devices on the South Elevations 

 

 

2) Solar Photovoltaic System: 

A solar photovoltaic system was suggested to be installed on the roof of the building and 

in the exterior parking area of the hospital. The roof`s area is 1860 m
2
, and the exterior 

parking area is 1127m
2
 which will be covered by a solar panels roof. The needed amount 

of solar panels to cover all electric energy requirements for the facility is 3542 panels, 

calculated by the following equation: 

 

 

 

 

The number of panels = Energy consumption (kwh)/solar radiation (kwh/m
2
)* panel 

capacity (kw) .(Eq1).  
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The solar radiation in Jordan equals to 5.6, (kwh/m
2
) and the panel capacity is 385 watt 

(specialized company)and the energy consumption of the hospital is 7619(kwh)(The 

Gardens Hospital) Applying the data into Equation1 we get the  following: 

7619/5.6*0.385=3542 panels, with a capacity of 1689KVA. According to the available 

spaces, the system consists of 1026 solar photovoltaic panels with a total capacity that is 

equal to 395KWP, with an inclination angle to 5, 7 degrees which will help in generating 

electricity for the hospital and gives shade for the parking. The design was proposed in 

order to allow maximum production while minimizing shading. The layout of the Pv 

System shown in figure 4.5. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 

Photovoltaic System Layout 

3) Occupancy Sensor: 
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The occupancy sensors will be installed to control the lighting system in the 

administration area, the gift shop, cafeterias, blood test labs, staff rooms, and 

physiotherapy department, the outpatients, the kitchen, toilets,the seminar room, medical 

records room, pharmacy, the kids area, and the nursery, this would minimize the use of 

energy consumption. The kind and number of sensors that will be used in any space 

depend on the total area of that space. For large spaces, mount ceiling sensors (sensors 

applied on the ceiling) will be used, while in smaller spaces mount wall sensors(sensors 

applied on the wall) will be used. 

4) Water Harvesting System: 

A water harvesting is going to be installed to collect rainwater from the rooftop of the 

building, the amount of collected water depends on the area and the annual rainfall rate. 

Considering that the efficiency of water collection is equal to 80%,(Hospitals Guide for 

Water Efficiency,2012) taking into account the wasted water from evaporation and water 

scattering from gutters.  

Therefore the amount of collected water per year (m
3
)= the area(m

2
)* annual 

rainfall(mm)*0.8/1000.  Eq(2) 

In our case we can calculate the amount of collected water, by applying the following 

data into equation 2 , the area is equal to 1860m
2
, the amount of rainfall in Amman is 

equal to 350mm, and the efficiency of water collection is equal to 80%(Hospitals Guide 

for Water Efficiency,2012). Therefore, the amount of rainwater that can be collected 

from the roof is equal to = 1860*350*0.8/1000 = 520m
3
. And the type that was used is 

the Dry system. 



87 
 

 

5) Gray Water Filtration System: 

The amount of gray water that can be collected from bathtubs, washing basins, and 

laundry are relatively high, depending on the rate of water consumption in Jordanian 

hospitals. 

The amount of gray water that can be collected from bathtubs, washing basins and 

laundry is equal to 40%, while the amount of gray water extracted from faucets, showers 

sprays, and toilets sprays is equal to 20%.(Hospitals` Water Efficiency Guide,2012) The 

water consumption in the hospital is equal to 200m
3
 per day(The Gardens Hospital), 

which means 73,000m
3
 per year. Using a gray water filtration system for water from 

faucets, showers spray, and toilets sprays will save 14600 m
3
 per year (73000*20%= 

14460 m
3
). 

6) Water-Saving parts and flow Regulators: 

Water saving parts will be installed on the faucets in the hospital, the hospital has 244 

faucets and their water flow is more than 3 liter/minute, while flow regulators will be 

installed on the sprays which also their flow rate is more 3 liter/minute.(Researcher) 

7) Green wall: An Artificial green wall will be installed in the lobby`s area on the third 

Basement floor, on one of its walls to give the users a fascinating and inviting 

environment. Green walls form a unique feature and improve the building's visuals and 

the most important thing is that they reduce stress levels and increase the comfort level. 

The wall is going to be installed on an already built wall with an area that reaches 30m
2
. 

Installing green wall in the waiting area gives life for the space. The purpose of adding a 
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green wall is psychological more than economical, studies had shown that adding green 

elements in any space is has so many benefits on human psychology. Figure 4.6 shows 

the wall that the green wall will be installed on, and figure 4.7 the lobby’s wall after the 

installation of the green wall. 
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Figure 4.6 Lobby`s Wall that Green Wall Will Be  Installed On 

 

 

Figure 4.7 Lobby s Wall After Green Wall Installation 

 

4.4 Feasibility Study of the Proposed Improvements 

In this section, economic analysis for the suggested improvements is going to be made to 

validate its benefits economically. The Internal Rate of Return (IRR) method is going to 

be used to predict the profitably assuming that the Net Present Value (NPV) is equal to 

zero and then calculating the rate of return as a percent. 

The Sullivan equation for IRR is used for this calculation: 

    ∑
  

(   )  

 

   
    …………….. (4.1) 

Where; 
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Ct = net cash inflow during the period t 

Co= total initial investment costs 

r = IRR, and 

t = number of time periods (t = 1, 2, 3 ….. and T = 25) 

After finding the NPV, the NVP set to be equal to zero in order to find r. The higher the 

value of the IRR is, the more cost-effective the improvement is. A negative value of IRR 

means that the suggested improvements are ineffective. 

In order to calculate the NPV, the initial cost, the annual savings, and the maintenance 

cost of each improvement must be known. The data needed in order to complete the 

calculations were collected from specialized companies (Appendix B) and they are 

shown in Table 4.3. 

Table 4.3 shows the kind of improvement and its installation cost, its annual savings, and 

the maintenance cost. 

Table 4.3 Improvements Cost 

Improvement 
Quantity/ 

Area(m
2
) 

Installing 

Cost ($) 

Annual Saving 

($) 

Maintenance Cost /  

year ($) 

Shading 

Device 
68 m

2
 9714 900 100 

Solar cells 1026 281,428 139,947 15,000 

Occupancy 

Sensor 
500 35,500 5000 60 

Gray Water 

Filtration 

System 

1 32,857 31286 1500 
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4.4.1 Shading Devices Calculations 

The net present value for the shading devices will be calculated by using the data in Table 

4.3 and applying them to equation 4.1. The profitability of the shading devices was 

calculated for 25 years, which means after 25 years from their installation. The interest 

rate that was used is equal to 3%, which represents the expected growth in electrical bill 

costs every year and was obtained from the electrical company. By knowing all the data 

needed to be used  to calculate the NPV, the results are shown in Table 4.4 

 

 

 

 

 

Table 4.4 NPV Calculation 

Year Cashflow Factor NPV 

Year 0 

-9714 
1 

-9714 

Year 1 

800 
0.970874 

-8937.30 

Year 2 

800 
0.942596 

-8183.22 

Year 3 

800 
0.915142 

-7451.11 

Water 

Harvesting 

System 

1 148908 1,114 100 

Water-saving 

parts 

Faucets 244 

Sprinklers 172 
1470 15364 149 
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Year 4 

800 
0.888487 

-6740.32 

Year 5 

800 
0.862609 

-6050.23 

Year 6 

800 
0.837484 

-5380.25 

Year 7 

800 
0.813092 

-4729.77 

Year 8 

800 
0.789409 

-4098.25 

Year 9 

800 
0.766417 

-3485.11 

Year 10 

800 
0.744094 

-2889.84 

Year 11 

800 
0.722421 

-2311.90 

Year 12 

800 
0.70138 

-1750.80 

Year 13 

800 
0.680951 

-1206.04 

Year 14 

800 
0.661118 

-677.14 

Year 15 

800 
0.641862 

-163.65 

Year 16 

800 
0.623167 

334.88 

Year 17 

800 
0.605016 

818.89 

Year 18 

800 
0.587395 

1288.81 

Year 19 

800 
0.570286 

1745.04 

Year 20 

800 
0.553676 

2187.98 

Year 21 

800 
0.537549 

2618.02 

Year 22 

800 
0.521893 

3035.53 

Year 23 

800 
0.506692 

3440.89 

Year 24 

800 
0.491934 

3834.43 

Year 25 

800 
0.477606 

4216.5 

Total                                                             4216.5 
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As we can see in Table 4.4 the accumulative net cashflows start negative and after year 

fifteenth year the results changes to positive numbers this means that it gains profits after 

the fifteenth year. Since the total answer of the NPV after 25 years shows a positive 

answer this means that the improvement is useful. Figure 4.8 is a chart that shows the 

cash flows and the net present value graphically. 

 

Figure 4.8 Casfhsflow & Net Present Value 

 

4.4.2 Photovoltaic System Calculations 

The net present value for the photovoltaic system will also be calculated by using the data 

in Table 4.3 and applying them to equation 4.1. The profitability of the photovoltaic 

system was calculated for 25 years, which means after 25 years from its installation. The 

interest rate that was used is equal to 3%, which represents the expected growth in 

electrical bill costs every year and was obtained from the electrical company. By 
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knowing all the data needed to be used to calculate the NPV, the results are shown in 

Table 4.5. 

Table 4.5 NPV Calculations 

Year Cashflow Factor NPV 

Year 0 

-281,428 1 -281428 

Year 1 

124,947 0.970874 -160120.23 

Year 2 

124,947 0.942596 -42345.70 

Year 3 

124,947 0.915142 71998.50 

Year 4 

124,947 0.888487 183012.29 

Year 5 

124,947 0.862609 290792.67 

Year 6 

124,947 0.837484 395433.81 

Year 7 

124,947 0.813092 497027.16 

Year 8 

124,947 0.789409 595661.48 

Year 9 

124,947 0.766417 691422.95 

Year 10 

124,947 0.744094 784395.25 

Year 11 

124,947 0.722421 874659.62 

Year 12 

124,947 0.70138 962294.93 

Year 13 

124,947 0.680951 1047377.76 

Year 14 

124,947 0.661118 1129982.45 

Year 15 

124,947 0.641862 1210181.17 

Year 16 

124,947 0.623167 1288044.01 

Year 17 

124,947 0.605016 1363639.00 

Year 18 

124,947 0.587395 1437032.19 

Year 19 

124,947 0.570286 1508287.72 
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Year 20 

124,947 0.553676 1577467.85 

Year 21 

124,947 0.537549 1644633.02 

Year 22 

124,947 0.521893 1709841.92 

Year 23 

124,947 0.506692 1773151.53 

Year 24 

124,947 0.491934 1834617.18 

Year 25 

124,947 0.477606 1894292.56 

Total                                                             1,894,292.5 

 

Table 4.5 showed that after the second year from the installation of the PV system the 

results changed into a positive number. The total result of the NPV is a positive number 

that means that the application of PV system is acceptable and effective and it can save 

up to 21%. Figure 4.9  is a chart that shows the cash flows and the net present value 

graphically. 
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Figure 4.9 Cashflows & Net Present Value 

 

4.4.3 Occupancy Sensors Calculation 

 Using the same previous method that was used to find the net present value for the 

shading devices and the PV system. The net present value for the occupancy sensors will 

also be calculated by using the data in Table 4.3 and applying them to equation 4.1. The 

profitability of the occupancy sensors was calculated for 25 years, which means after 25 

years from its installation. The interest rate that was used is equal to 3%, which 

represents the expected growth in electrical bill costs every year and was obtained from 

the electrical company. By knowing all the data needed for calculating the NPV, the 

results are shown in Table 4.6. 
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Table 4.6 NPV Calculations 

Year Cashflow Factor NPV 

Year 0 

-35500 1 -35500 

Year 1 

4940 0.970874 -30703.88 

Year 2 

4940 0.942596 -26047.46 

Year 3 

4940 0.915142 -21526.66 

Year 4 

4940 0.888487 -17137.53 

Year 5 

4940 0.862609 -12876.25 

Year 6 

4940 0.837484 -8739.07 

Year 7 

4940 0.813092 -4722.40 

Year 8 

4940 0.789409 -822.72 

Year 9 

4940 0.766417 2963.38 

Year 10 

4940 0.744094 6639.20 

Year 11 

4940 0.722421 10207.96 

Year 12 

4940 0.70138 13672.78 

Year 13 

4940 0.680951 17036.68 

Year 14 

4940 0.661118 20302.60 

Year 15 

4940 0.641862 23473.40 

Year 16 

4940 0.623167 26551.84 

Year 17 

4940 0.605016 29540.63 

Year 18 

4940 0.587395 32442.35 

Year 19 

4940 0.570286 35259.57 

Year 20 

4940 0.553676 37994.73 
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Year 21 

4940 0.537549 40650.22 

Year 22 

4940 0.521893 43228.37 

Year 23 

4940 0.506692 45731.43 

Year 24 

4940 0.491934 48161.58 

Year 25 

4940 0.477606 50520.95 

Total                                                             50,520.95 

As shown in Table 4.6, the NPV turns into a positive number after the eighth year, which 

means that it starts to gain profits after year eight. Occupancy sensors can save up to 

40%. Figure 4.10 is a chart that shows the cash flows and the net present value 

graphically. 

 

Figure 4.10 Cashflows & Net Present Value 
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4.4.4  Gray Water Filtration System Calculations: 

The present value and the net present value for the gray water filtration system will also 

be calculated by using the data in Table 4.3 and applying them to equation 4.1. The 

profitability of the gray water filtration system was calculated for 25 years, which means 

after 25 years from its installation. The interest rate that was used is equal to 3%, which 

represents the expected growth in water bill costs every year and was obtained from the 

water company. By knowing all the data needed to be used to calculate the NPV, the 

results are shown in Table 4.7. 

Table 4.7 NPV Calculations 

Year Cashflow Factor NPV 

Year 0 

-32857 1 -32857.00 

Year 1 

29786 0.970874 -3938.55 

Year 2 

29786 0.942596 24137.61 

Year 3 

29786 0.915142 51396.02 

Year 4 

29786 0.888487 77860.49 

Year 5 

29786 0.862609 103554.16 

Year 6 

29786 0.837484 128499.46 

Year 7 

29786 0.813092 152718.21 

Year 8 

29786 0.789409 176231.55 

Year 9 

29786 0.766417 199060.04 

Year 10 

29786 0.744094 221223.62 

Year 11 

29786 0.722421 242741.66 
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Year 12 

29786 0.70138 263632.96 

Year 13 

29786 0.680951 283915.78 

Year 14 

29786 0.661118 303607.83 

Year 15 

29786 0.641862 322726.33 

Year 16 

29786 0.623167 341287.98 

Year 17 

29786 0.605016 359309.00 

Year 18 

29786 0.587395 376805.14 

Year 19 

29786 0.570286 393791.68 

Year 20 

29786 0.553676 410283.47 

Year 21 

29786 0.537549 426294.91 

Year 22 

29786 0.521893 441840.00 

Year 23 

29786 0.506692 456932.32 

Year 24 

29786 0.491934 471585.06 

Year 25 

29786 0.477606 485811.02 

Total                                                             485,811.02 

 

As shown in Table 4.7 the NPV by year two changes to a positive number this means that 

after the first year it starts to gain profitability. Since the total result  for the NPV after 25 

years is a positive number this means that the installation of this improvement is 

effective.  

Figure 4.11 is a chart that shows the cash flows and the net present value graphically. 
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Figure 4.11 Cashflows & Net Present Value 

 

4.4.5  Water Harvesting System: 

Using the same methods used earlier, the calculations of the present value and the net 

present value for the water harvesting system are shown in Table 4.8. 

Table 4.8 NPV Calculations 

Year Cashflow Factor NPV 

Year 0 

-148908 1 -148908.0 

Year 1 

1014 0.970874 -147923.5 

Year 2 

1014 0.942596 -146967.7 

Year 3 

1014 0.915142 -146039.8 

Year 4 

1014 0.888487 -145138.9 

Year 5 

1014 0.862609 -144264.2 
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Year 6 

1014 0.837484 -143415.0 

Year 7 

1014 0.813092 -142590.5 

Year 8 

1014 0.789409 -141790.0 

Year 9 

1014 0.766417 -141012.9 

Year 10 

1014 0.744094 -140258.4 

Year 11 

1014 0.722421 -139525.8 

Year 12 

1014 0.70138 -138814.6 

Year 13 

1014 0.680951 -138124.2 

Year 14 

1014 0.661118 -137453.8 

Year 15 

1014 0.641862 -136802.9 

Year 16 

1014 0.623167 -136171.0 

Year 17 

1014 0.605016 -135557.6 

Year 18 

1014 0.587395 -134961.9 

Year 19 

1014 0.570286 -134383.7 

Year 20 

1014 0.553676 -133822.2 

Year 21 

1014 0.537549 -133277.2 

Year 22 

1014 0.521893 -132748.0 

Year 23 

1014 0.506692 -132234.2 

Year 24 

1014 0.491934 -131735.4 

Year 25 

1014 0.477606 -131251.1 

Total                                                             -131251.1 

 

Due to results shown in Table 4.8, since the total result of the NPV for the water 

harvesting system for twenty-five years is negative, this means that it will be effective 
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after using it for more than 25 years, Figure 4.12 is a chart that shows the cash flows and 

the net present value graphically. 

 

Figure 4.12 Cashflows & Net Present Value 

4.4.6 Water-Saving Parts Calculations: 

Using the same methods used earlier, the calculations of the present value and the net 

present value for the water saving parts are shown in Table 4.9 

Table 4.9 NPV Calculations 

Year Cashflow Factor NPV 

Year 0 
-1470 1 -1470 

Year 1 

15215 
0.970874 

14771.84 

Year 2 

15215 
0.942596 

14341.6 
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Year 5 

15215 
0.862609 

13124.59 

Year 6 

15215 
0.837484 

12742.32 

Year 7 

15215 
0.813092 

12371.19 

Year 8 

15215 
0.789409 

12010.86 

Year 9 

15215 
0.766417 

11661.03 

Year 10 

15215 
0.744094 

11321.39 

Year 11 

15215 
0.722421 

10991.64 

Year 12 

15215 
0.70138 

10671.49 

Year 13 

15215 
0.680951 

10360.67 

Year 14 

15215 
0.661118 

10058.91 

Year 15 

15215 
0.641862 

9765.93 

Year 16 

15215 
0.623167 

9481.485 

Year 17 

15215 
0.605016 

9205.325 

Year 18 

15215 
0.587395 

8937.209 

Year 19 

15215 
0.570286 

8676.902 

Year 20 

15215 
0.553676 

8424.177 

Year 21 

15215 
0.537549 

8178.812 

Year 22 

15215 
0.521893 

7940.594 

Year 23 

15215 
0.506692 

7709.315 

Year 24 

15215 
0.491934 

7484.772 

Year 25 

15215 
0.477606 

7266.769 

Total                                                             7266.769 

 

Figure 4.13 is a chart that shows cash flows and the net present value graphically. 
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Figure 4.13 Cashflows & Net Present Value 

Now by comparing the net cash flows for all the improvements the equivalency year for 

each improvement is showed in Figure 4.14. 
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Figure 4.14 Equivalency Year for Each Improvement 

 

To know the benefits of applying all the improvements to the building, the total 

installation cost, the annual savings, and maintenance are shown in Table 4.10  

 Table 4.10 Total Costs for All Improvements 

Installation Cost $ Annual Savings $ Annual Maintenance $ 

-509,877 193,611 16,909 

 

Using the data in the table above, and applying them to equation 4.1, the present value 

and cumulative net cashflow results are shown in Table 4.11. 
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Table 4.11 NPV Calculations 

Year Cashflow Factor NPV 

Year 0 

-509877 
1 

-509877 

Year 1 

176702 
0.970874 

-338322 

Year 2 

176702 
0.942596 

-171763 

Year 3 

176702 
0.915142 

-10055.7 

Year 4 

176702 
0.888487 

146941.7 

Year 5 

176702 
0.862609 

299366.4 

Year 6 

176702 
0.837484 

447351.6 

Year 7 

176702 
0.813092 

591026.5 

Year 8 

176702 
0.789409 

730516.6 

Year 9 

176702 
0.766417 

865944 

Year 10 

176702 
0.744094 

997426.9 

Year 11 

176702 
0.722421 

1125080 

Year 12 

176702 
0.70138 

1249015 

Year 13 

176702 
0.680951 

1369341 

Year 14 

176702 
0.661118 

1486162 

Year 15 

176702 
0.641862 

1599580 

Year 16 

176702 
0.623167 

1709695 

Year 17 

176702 
0.605016 

1816602 

Year 18 

176702 
0.587395 

1920396 

Year 19 

176702 
0.570286 

2021167 

Year 20 

176702 
0.553676 

2119003 

Year 21 

176702 
0.537549 

2213989 
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Year 22 

176702 
0.521893 

2306208 

Year 23 

176702 
0.506692 

2395741 

Year 24 

176702 
0.491934 

2482667 

Year 25 

176702 
0.477606 

2567061 

Total                                                             25,670,61 

 

According to Table 4.11, the improvements had shown that they are feasible and their 

profits will be gained after the third year. Now by setting the NPV is equal to zero, the 

IRR can be found using equation 4.1. The IRR was found to be equal to 34.6%. The high 

value of the IRR means that implementing these suggested improvements to the building 

gives high economic profitability. Therefore, the null hypothesis is rejected. Figure 4.15 

is a chart that shows the cash flows and the net present value graphically. 

 

Figure 4.15 Cashflows & Net Present Value 
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4.4.7 Green Wall Calculations: 

Table 4.12 Green Wall Cost 

Installation Cost $ Annual Savings $ Annual Maintenance $ 

3315 0 700 

 

 As mentioned earlier the purpose of adding a green wall is psychological more than 

economical, so in this case, we will have installation cost and maintenance cost, where 

there is no savings can be made from adding this wall on an interior wall. The net present 

value for all the previous improvements with the green wall is equal to 25,515,557 $, and 

the IRR, which will become less, was found to be 34%. 

 

4.5 Conclusion: 

This chapter contained information about the proposed improvements, in addition to the 

economical analysis to compare the final results and determine if the improvements are 

effective or not. After making the feasibility study, it was found that the improvements 

had shown positive effects on the building, and it will improve the efficiency of the 

building, where the internal rate of return was found to be equal to 34.6%, which is high 

value. 
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Chapter 5 

 

Conclusions and Recommendations 
 

5.1 Introduction 

This chapter concludes and summarizes the conclusions that were found in the research, 

along with suggested recommendations that were proposed by the researcher to be used 

for future studies about sustainability and improving the buildings` efficiency. 

5.2 Conclusions 

The conclusions that were derived from this research are as the following: 

1. Hospitals are considered as large consumers of resources. 

2. Sustainable design enhances the quality, and efficiency of the buildings and at the 

same time reduces the negative impact of buildings on human health and the 

environment. 

3. In Jordan, the building sector consumes 40% of the energy consumption and 

contributes one-third of the greenhouse, and the household consumes 41% of 

energy and the healthcare sector water consumption is equal to 25%. 

4. Due to the serious economic crises that Jordan is facing, the transition to green 

buildings began recently due to its importance off energy and water constraints, 

where Jordan had developed a coherent plan to save energy, whereby 2020, 

energy consumption will increase by 15%. 
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5. Several buildings in Jordan had adopted the green and sustainable design 

principles, but no hospital had taken into consideration of implementing the 

sustainable design yet. 

6. While designing hospitals it is important for the building to be environmentally 

friendly and cost-effective. 

7. The improvements that were proposed in this research will help to reduce the use 

amount of electrical and water consumption. 

8. Sustainability methods are cost-effective for long-time period 

9. After conducting feasibility study for the proposed improvements in this research 

it was found that the IRR is 34.6%, this means that the project is effective and 

feasible. 

 

5.3 Recommendations 

The recommendations that the researcher came up with are as the following: 

1. In Jordan, sustainable design for hospitals should be considered in programmatic 

stages. 

2. For the hospital it is recommended to install shading devices, PV system, 

occupancy sensors, water harvesting system, and gray water filtration system. 

3. It is recommended for all hospitals to adapt sustainability methods because off the 

successful results that can be obtained which will affect the running cost of 

energy and water consumption. 
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4. Implying the feasibility study for any new project will determine the viability of 

using sustainable principles and will help insure if the project is economically 

justifiable   

 

5.4  Future Works: 

1. Evaluate more hospitals in Jordan according to sustainability standards and 

propose improvements to raise their efficiency.  
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       Appendix A 

The questions that were asked to the related expert, by personal interview are 

the following: 

1) Does the hospital have any renewable energy resources? does it have a 

solar system? 

2) What kind of lighting does it use? 

It uses LED lighting which saves energy 

3) Does the hospital contain any healing garden or any place that patients can 

get fresh air? 

4) Does the hospital practice proper waste disposal? 

5) What kinds of cooling and heating system that the hospital use? 

6) What is the energy consumption for them in kilo what per hour? 

7) Are the chillers that are used energy efficient? 

8) Is there is any system that helps in minimizing the energy consumption of 

the chillers? 

9) What is the total energy consumption of the hospital per month? 

10) Does the hospital use generators? and what kind? 

11) Are there occupancy sensors used?  

12) What kind of glass used? And are they double glazed. 

13) What kind of insulation used for the walls? 

14) Does the hospital use a rainwater harvesting system? 
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15)  Does it use a gray water filtration system?  

16)  What happens to the used water? 

17) How much is the water consumption of the hospital per day? 

18)  How does the hospital maintain a comfortable level and a healthy indoor 

environment? 

19) Is the construction waste has been reused? 

20) Is there is any place to keep wastes so they would be reused? 

21) Why the hospital had been built in this area? 

22) What about ventilation? 

23) Is there any storage that is used to collect wastes?  

24)  How can we minimize energy consumption in any building? 

25)  How to know if the water fixtures are water-savings or not? 

26)  How much does the installation of shading devices cost? And how much 

will it save and what does it cost for maintenance? 

27) How much does the installation of PV costs? And how much will it save 

and what does it cost for maintenance? 

28) How much does the installation of occupancy sensors costs? And how 

much will it save and what does it cost for maintenance? 

29)  How much does the installation of water tanks costs? And how much will 

it save and what does it cost for maintenance? 

30)  How much does the installation of gray water filtration system costs? And 

how much will it save and what does it cost for maintenance. 
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Appendix B 

The following data were collected from specialized companies: 

PV System: 

System Capacity 395,010 KWp 

Electrical production KWh 559,790 KWh per year 

Tariff considered  0.175 JD per KWh 

Electrical Production  559,790* 0.175= 97963.2 JD   

139947.5 $ 

Installation Cost 197,000 JD 281,428.5 $ 

Maintenance  cost  15000 $ 

 

Occupancy Sensors:  

The occupancy sensor cost is 70 $, therefore the total cost of the installation for 

all occupancy sensors is=quantity* installation cost (500*70=35,000). 

The price for the control system is 500$ then the total cost is 35,500. 

According to the company a study was made on 1000 occupancy sensors, the 

results showed that the 1000 occupancy sensors saved 10,000 $ per year, then the 

500 occupancy sensors saves 5000 $. The maintenance cost according to the 

company is 60$ per year. 

Gray water Filtration System: 

The installation cost for the needed gray water filtration system for 14600 

m3(calculated in thesis) is 32,857. The annual saving is equal to= the amount of 

filtered water m3* water tariff Jd/m3 (14600*1.5)=21900 JD (31285.7 $). 

According to the company the maintenance for the system is 1500$ per year. 



120 
 

 

Water harvesting System: 

According to the company the installation cost for the harvesting system needed 

to collect 520m3 per year (calculated in the thesis) is148,980 $. 

The amount of savings is equal to the amount of collected water* (water tariff 

JD/m3 )(520m3*1.5=780 JD, 1114 $). The maintenance cost retrieved form the 

company is equal to 100 $. 

Water Saving parts: 

The hospital has 244 faucets and 172 sprinklers (416 total) 

The installation cost for the parts is equal to 2.5 JD (3.53 $) 

Therefore, the total installation cost for the parts is equal to 3.53*416=1470 $. 

According to a study that was made by(Hospital`s Water Efficiency Guide,2012) 

The percentage savings for each saving part is 40%. The study showed that for 

400 faucets the amount of savings was 3700 m3, then for 244 the amount of 

savings is equal to 2,257 m3 which is 3385.5 JD.  

Also the amount of savings for 200 sprinklers was 5,734 

Then for 172 the amount of savings is 4931 m
3 

which is 7397 JD
 
and we get the 

total amount of savings which is equal to 10755 JD 15364 $. Maintenance cost 

per year is 150 $ 

Shading Device: The total area for the shading devices needed is 68m2, and the 

installation cost for 1m2 is 100 JD, therefore the total installation cost for the 

shading devices in 6800 (9714 $). The maintenance cost is 100$ per year and 

amount of savings is 900, according to the company. 


