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• Any Sustainable Healthcare System must be 

friendly with the local environment within which 

it exists,

• Healthcare Buildings have large impact on 

environment. The impact is generated from 

two sources:

– Energy Consumed, and 

– Waste Generated.

• In order to protect Environment, Healthcare 

Facilities must have an efficient Management 

and Operation Strategies of these sources.
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• As a complementary  to earlier works, this research 

identified a third source of Healthcare Buildings large 

impact on environment that is :

– Water Consumption.

• Availability of adequate water for different healthcare

applications, especially in countries with limited fresh

water resources like Bahrain, is a real environmental

challenge needs to be addressed,

• It also identified a group of environmental / occupational

challenges that can expose personnel and environment

to high risks such as X-Rays leaks, Radioactive

materials radiations, harmful Chemicals spells.
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• As population grows, the need 

for new Healthcare Facilities 

grows.

• As Healthcare Facilities grow,

the environmental challenges

(energy consumption, water

consumption, waste generation,

and CO2 emissions ) grow.

• As environmental challenges

grow, diseases and health risks

grow.

• As diseases and health risks

lead to death, it reduces

population growth.

• As population grows, the need 

for new Healthcare Facilities 

grows.

• As Healthcare Facilities grow,

the healthcare expenditures

grow. Utilities cost contributes

to the expenditures.

• As diseases and health risks

grow, healthcare expenditures

grow.

• As healthcare expenditures

improve quality of life, it can

contribute to population growth.



Sustainable Healthcare Casual Loop Diagram

Dr. Eng. Salman Ali Shehab

Healthcare

Facilities

Waste

Generation

Healthcare

Facilities

Energy and

Water

Consumption

CO2/GHG
Emissions,
Polutions,
Infection

(Environmen
tal Risks)

Healthcare

Expenditures

Healthcare

Facilities &

Sevices

Populations

+

+

+

+ +

+

+

Human Risks

Population

Growth

+

-

+

+

+

+
Net Immigration Rate

+

KPI's, Benchmarks &

Epidimiological Profile

(Quality of Services)

Economic Growth

+

+

Behavioral,
Biomedical,

Occupational,
Demographical Risks

Cronic & Infectious

Diseases, Accidents, etc

+

-

+

+

+

+
+

+

Public Demand

+

Other

Healthcare

Risks

+

++

+

+

-

+

+

+

Medical Technology &

Training

BConsidered Relations B0Relations Subjected to Further Researches GImplementation Measures

+

Medical Waste
Management Strategy

Energy Efficiency,

Energy Conservation,

Energy Recovery,

Renewable Energy,

Water Conservation

Learning Parameters (LCD)

-ve

Learning Parameters
(MWMS)

+

-ve

-

+

-

+

Low Carbon Design Strategy

+

+



Sustainable Healthcare SD Model 

Dr. Eng. Salman Ali Shehab

Population

Population Growth

Population

Growth Rate

Secondary

Healthcare

FacilitiesSF Growth

Facility Indicator

Secondary

Healthcare

Facilities Area

SFA Factor

SFA Growth

Secondary

Healthcare

Operating

Expenditures

SFOEx Factor

SFOExp GrowthSecondary

Healthcare

Project

Expenditures

SFPEx Factor

SFPExp Growth

Secondary

Healthcare

Government

Budget

Economic Growth Rate

SFGB Growth

Secondary

Healthcare

Beds
SFB Growth

SF Bed Factor

SFA Factor

Secondary

Healthcare

Facilities Water

Consumption
SFWC Growth

SFWC Benchmark

Secondary
Healthcare

Facilities Energy
Consumption

SFEn Growth

SFEn Benchmark

Secondary
Healthcare

Facilities Energy
ExpendituresSFEExp Growth

Energy Tariff

Secondary

Healthcare

Facilities Energy

Emissions
SFEm Growth

Enerrgy Emission Factor

Secondary
Healthcare
Facilities

Water
Expenditures

SFWExp Growth

Water Tariff

Secondary
Healthcare

Facilities Water
Production
Emissions

SFWCEm Growth

Water Production Energy

Secondary
Healthcare

Energy Efficiency
Saving

Energy Efficiency

SF Energy Saving

Secondary
Healthcare

Energy Efficiency
Expenditure

Saving
SF Energy Expenditure Saving

Secondary
Healthcare

Energy Efficiency
Emission

ReductionSF Emission Reduction

<Energy Tariff>

<Enerrgy Emission Factor><Enerrgy Emission Factor>

Secondary

Healthcare

Water Saving

Water Saving

SF Water Saving

Secondary
Healthcare

Water Saving
Expenditures

SavingSFWExp Saving

Secondary
Healthcare

Water Saving
Emission

ReductionSF WP Emission Reduction

<Enerrgy

Emission Factor>

<Water Production

Energy>

<Water Tariff>

Secondary

Healthcare

Facilities

Medical Waste
SFMW Growth

MW Factor

Secondary
Healthcare

Facilities MW
Incineration
ExpendituresSFIExp Growth

Medical Waste Incineration Tariff

Secondary

Healthcare

Facilities MW

Emissions
SFMWEm Growth

Medical Waste Emission Factor

Secondary

Healthcare

MW LCPSFMW LCP Growth

Medical Waste LCP

Secondary

Healthcare MW

Energy Recovery

Expenditure SavingSFMWER Expenditures Saving

Secondary

Healthcare MW

Energy Recovery

Emission ReductionSFMWER Emission Reduction

Secondary

Healthcare MW

Energy Recovery

SavingSFMWER Saving

<Energy Tariff>

<Enerrgy Emission Factor>

Energy Recoverer Efficiency

Resources

Energy & Water

Medical Waste



Policy Scenarios of Sustainable Healthcare

Dr. Eng. Salman Ali Shehab

• Business As Usual (BAU) 

– 3% Population Growth Scenario

• Administrative Rules & Regulation Management (ARRM) 

– 2% Population Growth Scenario

– 1% Population Growth Scenario

• Technical Progress (TP) 

• Time Management  (TM)

• Combined Policies 
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• SD Model shows high potential of

energy saving in Healthcare

Buildings by deployment of energy

efficiency and renewable energy

technologies.

• The cost of energy efficiency and

renewable energy technologies

represent a barrier for wide-scale

applications. Special funds and

incentives are required to motivate

the investment in this field.

• The lack of expertise in energy

efficiency and renewable energy

technologies represent another

barrier for wide-scale applications.

Scientific collaborations with

expert institutions is necessary to

enforce local expertise.

• Special funding and transfer of

technologies agreements with

some leading firms such as UN,

Gov. and Non-Government

Organizations are needed.

• Safe recycling of waste water

(Gray Water) of some

Healthcare processes is highly

recommended to reduce water

consumption.

• Energy recovery from Medical

Waste is highly recommended

to offset CO2e emissions.
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• Is the proposed SD Model

Dynamic enough to handle new

scenarios such as :

What is the effect of changing

Medical Fees for expatriates on

Healthcare Facilities?



Dr. Eng. Salman Ali Shehab

شــــكـــــرا ً

Thank You


