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Abstract

Healthcare is one of the core operating sectors all over the world with a des-
ignated Goal 3: Good Health and Well-being of the international Sustainable
Development Goal (SDG), while three other goals addressed the eradication
of causes of healthcare problems. The World Health Organization (WHO)
estimated the increase of healthcare expenditure to be $2 - $4 Billion USD by
the year 2030 as a result of Climate change. As a developing country, Egypt
has a fast-growing healthcare sector, which is a good opportunity to direct the
sector towards a more sustainable development scheme to reduce the cost of
the service, while maintaining a high service level for the patience and reduc-
ing the environmental impacts of operation, which are the pillars of sustaina-
ble development. The aim of the work presented is to develop sustainability
rating system for new and existing healthcare facilities suitable to the Egyp-
tian context that encourages the facilities to operate more sustainably using
the concept of cradle-to-cradle resources management. The rating system
developed is based on a points system with the awardable levels of achieve-
ment: Bronze, Silver, Gold and Platinum. The points divided among three
main categories: Energy, Water and Habitat, and additionally, two general
prerequisites are added for the top management commitment towards sus-
tainability and developing an environmental management plan. The system
divides the facilities into new and existing, with each type having different
awardable points that take into consideration the differences in applicability
between the two types of facilities.
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1. Introduction

Healthcare is one of the basic human rights, and to emphasise that importance,
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the Global Sustainable Development Goals (SDGs) directly addressed the issue
in Goal 3: “Good Health and Well-being”, while three other goals represented in
Goal 2: “Zero Hunger”, Goal 6: “Clean Water and Sanitation” and Goal 7: “Af-
fordable and Clean Energy”, target providing a better life for all humans and as a
result the removal of the cause of diseases from source [1].

In general, the environmental risks are estimated to cause 12.6 million deaths
per year, approximately 23% of the total annual deaths, with children under five
years old and older adults being the most affected groups [2]. An estimated 5.5
million deaths per year are reported to currently have the root cause as the air
pollutants causing climate change [3]. As climate change is considered one of the
main causes of adverse health issues, with the expected increase in effect espe-
cially in countries of low income, the World Health Organization (WHO) esti-
mates a USD 2 - 4 billion increase in the healthcare expenditure by the year 2030
due to climate change alone [4].

Considering that the healthcare sector is one of the contributors to Green
House Gas emissions, and taking into account the complexity of healthcare fa-
cilities, it is important for the sector to lead the path towards global sustainabili-
ty as the main sector that deals with the consequences of business as usual ac-

tions [3].

2. Health Sector Overview

In 2015, the global healthcare expenditure was reported to be almost USD 1000
per capita, with a share of more than 6% of the world average Gross Domestic
Product (GDP) [5]. The 2019 data showed that the expenditure ranged from
16.8% of GDP in North America, followed by 10.5% in Western European
countries to only 5.5% in the Middle East and North Africa [6]. From the year
2000 to 2015, the annual healthcare expenditure growth rate reached 4% in
comparison to the economic growth rate which only reached 2.8% for the same
time period [7].

With the projected increase of average life expectancy from 73.5 in 2018 to
reach 74.4 in 2022, the healthcare services expenditure is expected to also in-
crease in the future due to the continuous increase of elderly population, in ad-
dition to the technological advancements that are currently being utilized by the
sector and the accompanied rise in service providers cost [6] [8].

In the process of offering the healthcare service, the healthcare facilities con-
sume a significant amount of resources to maintain the required service level,
starting with the construction materials, and including electricity, water, food
and other materials. A fully operating hospital, for example, usually functions 24
hours per day all year long, and some of the services that operate with it include:
space cooling, indoor air quality control, lighting, cold and hot water supply,
steam supply in addition to the core clinical activities taking place [9].

Studies carried out in developed countries like the United States of America
(USA), Australia and the United Kingdom (UK) have reported a Healthcare

DOI: 10.4236/jep.2019.107057

959 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.107057

E. EIMitainy, S. M. El-Haggar

sector contribution to the total Countries’ Green House Gas emissions of 8%, 7%
and 3%, respectively [10] [11] [12]. Additionally, in a developing country like
Brazil Hospitals energy consumption alone was reported to contribute to 10.6%
of the total commercial energy use [13].

The reported high resources consumption intensity and accompanying cli-
mate footprint is often seen as a chance for healthcare facilities to become more
sustainable, especially with the moral responsibility of the health sector to lead
by example and reduce the sector’s contribution to climate change. On a global
level, facilities that apply the concept of Green Hospitals can achieve very good
cost savings and Greenhouse Gases emissions reduction from energy efficiency
measures alone, in addition to the possible utilization of alternative energy
sources, more sustainable water consumption, waste management and an en-

hanced healing environment all over [9] [14] [15] [16].

Health Sector in Egypt

On the regional level, the Eastern Mediterranean countries, including Egypt,
have around 22% of the deaths attributed to environmental caused diseases [2].
The cost of healthcare services in Egypt reached USD 131 per Capita in 2016
with 4.6% share of GDP, yet 62% of the total cost was attributed to out-of-pocket
expenditure. Although the expenditure figure seem to be much lower than the
world average, the out-of-pocket spending can be considered high compared to
the governmental health expenditure level [17].

Until 2014, Egypt had around 2600 fully operating hospitals with more than 130
thousand beds. The ownership of these facilities is 68% to the private sector, and
32% public sector distributed between governmental and semi-governmental insti-
tutions. However, the number of beds distribution is only 43% for the private sec-
tion, while the rest are served by the public sector hospitals [18]. The current
number of bed availability is reported at 1.5/1000 persons in comparison to the
world average of 2.7/1000, which means that there is a high potential for the
sector to grow still [19].

Although no comprehensive studies were published to date to report the
overall share of energy consumption or greenhouse gas emissions by the health-
care sector independently, a case study done on a hospital in Egypt has found
out that applying energy efficiency measures can result in a 2.5% to more than
40% reduction in energy consumption per year depending on the intervention
level whether small measures to an existing facilities or a possible early interven-
tion in the design stage [20].

The main objective of the work presented is to develop a Sustainability Rating
system for healthcare facilities in developing countries having prevalent hot dry
conditions, taking the Egyptian Conditions as an example. The proposed system
is based on the international standards and follows the cradle-to-cradle concept,
which is considered a new approach for facilities to manage their resources in a

method that targets closing the life cycle of the materials consumed over the life-
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time of the project, starting from construction, operation and demolition, and to
divert any waste from being disposed in landfills, thus reducing the activity

footprint to a minimum.

3. Sustainable Healthcare Facilities

In the efforts to promote Green Buildings, including healthcare facilities, several
guidelines were prepared originating from different countries covering both,
new and/or existing facilities, some with context more relevant to the country of
issuing, similar to the proposed system that is discussed in this work, and some
are prepared for international use regardless of the region of implementation.

One of the earliest established rating systems is the Building Research Estab-
lishment Environmental Assessment Method (BREEAM) which is developed by
the Building and Research Establishment Group (BRE Group), which is origi-
nally based in the United Kingdom (UK). The system currently has two stan-
dards covering new facilities and major renovations of healthcare facilities, one
developed specifically for the UK (“BREEAM UK New Construction:
Non-domestic Buildings”), and the other is “BREEAM International New Con-
struction”, which was issued in 2016 covering hospitals and other healthcare fa-
cilities, and replacing the 2008 healthcare scheme document. A separate stan-
dard is developed for the existing non-domestic facilities which is “BREEAM
In-Use International-Technical Manual” [21] [22] [23]. The most famous rating
system is the Leadership in Energy and Environmental Design (LEED®) Rating
system which is developed by the U.S. Green Building Council. The LEED® rat-
ing system which addresses the healthcare facilities, among others, is the version
4 for Building Design and Construction, which covers new facilities and major
renovations, while the “Building Maintenance and Operation v4” does not cover
healthcare facilities [24]. Another rating system that in the year 2017 integrated
the healthcare sector into the general system is the Australian “Green
Star-Design & As Built” rating system which is developed by the Green Building
Council of Australia [25].

Other rating systems are in place for developing countries like the ones de-
veloped by example Malaysia and Singapore. Malaysia has the Green Building
Index (GBI) rating systems which address hospitals with separate criteria and
cover both new and existing facilities in the “Non-residential New Construction
(NRNC): Hospital version 1.0” and “Non-Residential Existing Building (NREB):
Hospital version 1.0”, respectively [26] [27]. While Singapore’s rating system is
developed by the Building and Construction Authority (BCA) with designated
version for the healthcare sector under the title “BCA Green Mark for Health-
care Facilities version 1.0” [28].

Although the number and titles assigned to the criteria categories differed
from one rating system to the other, the rating system guidelines in general in-
cluded 6 and to 10 different categories covering aspects such as: energy, water,

materials and resources, site management, transportation, indoor and outdoor
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pollution, as well as innovation. Each category contained the relevant prerequi-
sites and awardable points assigned by the system experts in accordance to their
views of the priority points that need addressing in the targeted implementation
area.

The current situation in Egypt is that several laws, regulations and guidelines
govern the building and operation of healthcare facilities with the main legislator
responsible for granting the operation licenses being the Ministry of Health and
Population. Specifically for new facilities, a design and construction guideline
was issued by the Housing and Building Research Center (HBRC) under the
Ministry of Housing to state the minimum requirements that should be adhered
to during the design of different types of healthcare facilities to ensure a high
quality design that fits the purpose of the facility in offering high quality services,
the HBRC building guidelines should be applied by all new buildings after the
year 2015, however the guidelines for existing facilities upgrade is not yet bind-
ing by law to be applied. Specifically for the waste disposal, the Ministry of En-
vironment is also involved, and guidelines were issued for the safe handling and
disposal of waste, specially the hazardous and clinical waste [18] [29].

Developing a sustainability rating system based on the international best prac-
tices and fitting to the Egyptian local conditions, taking into consideration the
weather, land use and availability of materials became a necessity with the in-
creased risks due to climate change and water scarcity, as well as the need for
elevated energy efficiency became core needs to guarantee the sustainable de-
velopment of residential buildings, communities, schools and commercial areas
[30].

4. Methodology

In order to develop the proposed rating system, first the applicable laws and reg-
ulations were studied to know the base which must be followed, especially con-
cerning energy, water, waste disposal, and the indoor environment. These laws,
regulations and guidelines can be viewed as the basis of any facility that should
be abided by and the proposed sustainability measures are efforts exerted over
these regulations to drive the road to sustainability.

Afterwards, several international standards were reviewed and consulted, va-
rying from the most well-established standards namely LEED and BREEAM,
and additionally including rating systems from developing countries that have
nearly similar conditions to the Egyptian Context.

With the aim of facilitating the implementation of the system the proposed
criteria are divided into three main categories only, namely: Energy, Water and
Habitat, taking into consideration the inclusion of the aspects deemed applicable
from the international rating systems. The criteria and its relvant weight is de-
termined using the following methodology:

e Action points that should be fulfilled by the facility as a basic requirement are

defined as prerequisites;
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e Optional criteria are assigned a minimum score of 1 awardable upon the cri-
teria implementation;

e Criteria that are judged to be harder to implement or require high invest-
ment are assigned higher scores, which are divided into smaller milestones
with the highest awardable the full score; and

e The total score of all the optional criteria is kept at a maximum of 100 points.

The proposed rating system encourages the sector to go above and beyond the
measures dictated by the laws and regulations, towards a more sustainable de-
sign, build and operation aiming to close the loop of consumption through ap-
plying the Cradle-to-Cradle concept. The Cradle-to-cradle principal of resources
management is a new approach used to ensure the maximum utilization of re-

sources without directing any of it to landfills [31].

5. Proposed Sustainability Rating System for Healthcare
Facilities in Egypt

5.1. Proposed Criteria and Scorecard

The rating system’ criteria are developed separately for both the New and Exist-
ing facilities, this is mainly due to the difference in the condition of each type of
facility, for example the applicability of the HBRC design and construction
guidelines as part of the new facilities permit process which was not applied to
most of the existing facilities. For the proposed system application, the facilities
will be categorized at the time of intent to follow the rating system criteria,
where New facilities will be considered as projects that are still under planning
with the ability to take into consideration the criteria in the design phase, and
the same treatment will also be applied to extensions to already existing facilities,
while Existing facilities are those already constructed whether operation is al-
ready proceeding or still in the commissioning stage of operation.

The differences in the expected intervention level during the transition to-
wards sustainability deemed it necessary that some of the criteria are not equally
weighted to account for the different implantation hardships between upgrading
an existing situation and implementing a measure from the design phase. The
proposed system is discussed below starting with the two general prerequisites,

followed by the three criteria categories: Energy, Water and Habitat.

5.2. General Prerequisites

To begin the criteria general prerequisites that is overarching before the different
assessment categories is developed which is the Top management sustainability
commitment and having an environmental management plan in place, as shown
in Table 1, and being prerequisites, these criteria do not award the facility any
points. The top management commitment prerequisite can be accomplished in
the form of a policy that is signed by the management representative to include
the points of focus towards sustainability that will be undertaken by the facility
and the associates, from the design and construction phase to the operation
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phase. The sustainability commitment document should be communicated to
the different service providers and suppliers that are planning to work with the
facility to clarify the expected sustainability requirements. While the environ-
mental management plan should cover all the environmental standards to be
complied with and the monitoring parameters, the plan can be an adaptation of
the one presented in the Environmental Impact Assessment study that is re-
quired for any new facility, or can alternatively be counted if the facility is im-

plementing an environmental management system, for example ISO 14001.

Table 1. General prerequisite for the proposed rating system for new and existing
healthcare facilities.

Prerequisite/ o Awardable Score
Criteria Name

Credit New Facilities  Existing Facilities
Top Management Sustainabilit
Prerequisite P & . ¥ Required Required
Commitment
Prerequisite Environmental Management Plan Required Required

5.3. Energy Category

Energy is the first section of the rating system that is designed to cover all the
criteria related to electricity and other fuels consumption for the different facility
activities including lighting, air circulation, cooling and hot water generation, as
mentioned in Table 2. All these activities are considered essential for any
healthcare facility operation, as well as being a major contributor to the green-
house gas emissions from the facility makes them essential to be addressed, es-
pecially with the knowledge that a number of measures can have a great impact
towards a more energy efficient operation [9].

Table 2. Energy section criteria with assigned scores.

Awardable Score

Preréquisite/ Criteria Name
Credit New Facilities Existing Facilities
Prerequisite  Energy Management Plan Required Required
Prerequisite  Commissioning Required N/A
E01 Window-to-Wall Ratio 1 1
E02 Reflective Roof Materials 1 1
E03 Reflective Paint for External Walls 2 2
E04 External Shading Devices 1 1
E05 Roof Insulation 2 2
E06 External Walls Insulation 2 N/A
E07 High Performance Glazing for Windows 1 1
E08 Air Tightness 1 1
E09 HVAC System Efficiency/Ventilation/Air 5 5
Conditioning
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Continued
E10 Air Filters Suitable to surrounding air quality 1 1
Ell Enhanced Refrigerant 1 1
E12 Efficient Interior Lighting 1 1
E13 Daylight/Lighting Control Sensors 2 2
El4 Efficient Lighting for External areas 1 1
El5 Light Pollution Prevention 1 1
El6 Hot Water 3 3
E17 Pump Motor Efficiency 1 1
E18 Energy Metering 1 1
E19 Renewable Energy 2 2
E20 Vertical Transportation 2 2
E21 Energy Efficient Equipment 2 2
E22 Boiler Efficiency 4 4
23 Innovation and Creativity in Energy 1 1

Management

"Total Energy Awardable Points (New: 39, Existing: 37).

The level of applicable interventions related to energy are different between
new and existing buildings, therefore, some of the section points are only
awardable for New facilities that are still undergoing the design phase, such as
the prerequisite of Commissioning, and the credit E06 External Wall insulation,
which result in the total awardable points for this section are more for New facil-
ities than they are for existing ones. In general, it is recommended to communi-
cate the performance requirements as early on to allow for flexibility in applying
the settled on measures, to reduce the cost and materials waste of alterations af-
ter construction, for example the credit E01 window-to-wall ratio, and E09
HVAC system efficiency and ventilation should be correctly designed from the
beginning due to their large contribution to energy efficiency which can reach
around 4% and 35%, respectively, compared to the conventional methods and in

accordance to the building status [20].

5.4. Water Category

Another major resource that is consumed in healthcare facilities is water, which
is the second focus category with the assessment criteria discussed in Table 3.
Water is a very valuable resource, and especially with the rising freshwater scar-
city problem, conserving every drop of water became essential. Healthcare facili-
ties consume water similar to other buildings, but with the specific case of fully
operating hospitals the consumption can be in many different areas for several
purposes, for example: hot and cold water are used in clinical activities areas, pa-
tients” rooms, kitchen and cafeterias, laundry areas, as well as in the form of

steam which is produced on site from boilers.
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Table 3. Water section criteria with assigned scores.

Awardable Score

Preréquisite/ Criteria Name

Credit New Facilities ~ Existing Facilities
Prerequisite = Water and Wastewater Management Plan Required Required
wo1 Water Efficient Landscaping 2 2

wo2 Irrigation Efficiency 2 2

wo3 Rainwater and A/C condensate Harvesting 2 2

W04 Greywater Treatment and Reuse 3 3

W05 Water Metering 1 1

Wo6 Water and Wastewater Quality Monitoring 2 2

wo7 Water Saving Devices 3 3

Wwo08 Water efficient appliances/ Equipment 2 2

W09 Innovation and Creativity in Water 1 1

Management

"Total Water Awardable Points (New: 18, Existing: 18).

A category prerequisite is that the water and wastewater management actions
that are designed or planned to be implemented within the facility should be
recorded in the form of a plan to guarantee the official status of these actions. In
order to address the water consumption amount, one of the points of focus is the
use of water saving devices in all areas including faucets, showerheads and toilet
flushing tanks in all installed areas is stressed upon through credit W07. A con-
trol tool that is recommended to be used by all types of facilities is W05 water
metering that can be used to monitor the consumption and stand on the effec-
tiveness of the implemented measures, as well as to detect any leaks as soon as
they occur, with separate water meters installed according to the types of water
streams and the size of the facility. As landscape areas can be considered a major
water consumer, W02 irrigation efficiency addresses the use of weather resistant
plants and efficient irrigation systems, the reuse of treated greywater for differ-
ent activities is also encouraged through credits W04, on the condition that the
reuse practice does not affect the overall service quality, which is monitored by
credit point W06, as the patients well-being remains the main target of any
healthcare facility.

5.5. Habitat Category

The third and last category is habitat, and to facilitate its use, the category covers
all the other aspects that are not covered in water in energy, including: sustaina-
ble site management, indoor environmental quality and materials and resources
use. Table 4 includes the rating criteria for habitat, which is, in contrast to the
energy category, the awardable points ire more for existing facilities than for new
buildings in this section, and that is due to the fact that existing facilities often

need more monitoring and upgrading of their existing conditions to enhance the
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overall healing environment, while new facilities’ design has already taken into

consideration the new available technologies.

Table 4. Habitat section criteria with assigned scores.

Awardable Score

Prerequisite/ L.
i Criteria Name
Credit New Facilities Existing Facilities
Prerequisite ~ Construction Activity Pollution Prevention Required N/A
Prerequisite ~ Solid Waste Management Plan Required Required

Heat Island Reduction: Reflective Materials for
HO1 ) 1 1
Outdoor Paving

Heat Island Reduction: Shaded Parking and/or

Ho2 underground parking 2 2
HO03 Carpool 1 1
Ho04 Open Space/ Places of Respite 2 2
HO05 Design for individuals with special needs 1 1
HO06 Green Roof/ Green Walls 2 2
HO07 Preventive and Corrective Maintenance 1 4
HoS f/{c;l:lj;zrcr:ieiz and Demolition Waste 3 N/A
HO09 Municipal Waste Management 3 4
H10 Medical Waste Management 5 6
HI1 Envi‘ror‘lmentally Friendly Materials and 3 3
furnishings
Hi12 Local Materials 2 1
H13 Recycled Content 2 1
Persistent Bioaccumulative Toxic (PBT)
H14 chemicals reduction (Mercury, lead, cadmium 2 2
and copper)
H15 Materials Radioactivity Minimization 1 1
H16 Indoor Environment Quality Monitoring 2 2
H17 Rooms Overcrowding Prevention N/A 1
H18 Windows for Living Spaces 2 2
HI19 Entryway System 1 1
H20 Designated Area for Smoking 1 1
H21 Kitchen/ Pollutants Exhaust 2 2
H22 Kitchen Hygiene and Food Quality N/A 1
H23 Insects and Pest Control 1 1
H24 Certified Green Expert 1 1
H25 Green Education 1 1
H26 Innovation and Creativity in Habitat Design 1 1

"Total Habitat Awardable Points (New: 43, Existing: 45).
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The cradle-to-cradle management concept is stresses upon the most in this
category, especially in the materials and resources related criteria, as they tackle
the sustainable materials choice and use, and the management of all the waste
types, whether municipal, clinical or chemical. As a prerequisite, a solid waste
management plan should be prepared that includes the different assigned roles
and responsibilities regarding the different stages of waste management within
the facility, and states clearly the products purchasing policy adopted, and the
acceptable level of waste disposal even if the actual action is to be taken outside
the property itself. The achievement of credits HO8 to H10 requires first the
proper separation of all waste types from the generation source, and the close
monitoring of these waste streams during handling and transportation to avoid
contamination, specifically H10 medical waste which also includes chemical
wastes and can cause a whole batch of waste to be considered as hazardous
waste. Also, as an encouragement of the total material recovery content the facil-
ity is not only encouraged to use local materials (H12) as much as possible in all
the construction and furniture acquisition, but to additionally use recycled ma-
terials (H13) whenever available. A specific criterion for healthcare facilities is
H14 Persistent Bio-accumulative Toxic (PBT) chemicals reduction which re-
quires the careful choice of materials that are low emitting of these chemicals, an
issue that is considered essential to enhancement of the conditions to which pa-
tients are admitted.

Several critical operational categories are also covered in the habitat category,
which addresses the general site conditions inside the facility building as well as
outside, with the aim to promote the importance of maintaining the site in gen-
eral through the project lifetime through HO7 preventive and corrective main-
tenance, this category is awardable to new facilities based on developing a plan,
but requires further tangible actions from existing facilities. Additionally, for the
existing facilities, the indoor air quality and facility conditions are considered
critical operational quality parameters which are targeted by credits H16 air
quality indoors, H17 rooms overcrowding, H22 kitchen hygiene and food quality
and H23 insect and pest control activities, which are all points that should exhi-

bit good practice conditions within the facility.

5.6. System Awardable Levels

Healthcare facilities applying the proposed rating system, whether new or exist-
ing, can achieve one of four possible award levels through implementing the cri-
teria with the credit points. These points however cannot be calculated without
first complying with the general prerequisites and the prerequisites of each of the
energy, water and habitat categories.

The four awardable level are Bronze, Silver, Gold and Platinum, with scores of
more than 40 points, 50 points, 60 points and 70 points, respectively, as shown
in Figure 1. The highest achievable level, which is the Platinum level, can be

achieved according to the proposed rating system by reaching only 70 points, in
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Prerequisites

Q) 40-49 Points &) 50- 59 Points @) 60 - 69 Points @ =70 poinss

Platinum

Silver Level Gold Level
Level

Figure 1. Proposed healthcare rating system awardable levels.

comparison to the LEED which awards the platinum level with 80+ points, this
difference aims to make the level more achievable to encourage the implementa-

tion within the Egyptian context.

6. Conclusions

Universal healthcare is one of the focus points of the 2030 SDGs worldwide, and
the eradication of the causes of health conditions deterioration is also clarified
by several international organizations. Considering the potential for the Health-
care sector expansion to satisfy the service availability need, especially in devel-
oping countries like Egypt, it is recommended that the healthcare facilities lead
to the way towards sustainable operation. Sustainability in relation to healthcare
facilities aims to reduce the facilities’ impact on the environment, without an
added economic burden while maintaining or even improving the service quality
provided to the society.

To support the healthcare facilities in this transition, a sustainability rating
system is proposed addressing the three main issues of energy, water and habitat
in a simplified form suitable for the current targeted implementation levels, and
at the same time based on the lessons learned from the international Green
buildings rating systems that have been long in operation. The rating system is
prepared following the cradle-to-cradle concept of consumption with a focus on
all materials life cycle maximization, which is different from the efficient

buildings concept that is usually followed by existing systems.
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