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mathematical model to calculate the Sustainable Building Index (SBI) in the kingdom of Bahrain –which was published 

earlier. The second part – which is the scope of this paper - is establishing a comprehensive model which consists of four 

arms that lead to the acceleration of BIPV and BIWT by virtue of concentrating on one - or more elements - in one arm. 

Each arm consists of elements in a form of policies or mechanisms that Bahrain should establish. These arms are the in-

centives, legislation, penalties, and strategies. 
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1. INTRODUCTION 

More than a hundred publications were made to assess 
renewable energy resources in Bahrain but none proposed a 
broad strategy for using this energy for building and con-
struction. However, major review papers on renewable en-
ergy for Gulf Cooperation Council (GCC) countries touched 
on policy making issues [1-7]. Few papers [8-9] were de-
voted to energy use and conservation in buildings in Bahrain. 
We conducted work [10-18] on several sustainable buildings 
in Bahrain emphasizing on Building Integrated Photovoltaic 
(BIPV) and Building Integrated Wind Turbine (BIWT). We 
found it necessary to establish a comprehensive model that 
led to the acceleration of BIPV and BIWT since buildings 
and construction account for nearly 70 % of the energy pro-
duced in Bahrain. Therefore, we made this comprehensive 
model which consists of two parts. The first part is a simple 
mathematical model that calculates the Sustainable Building 
Index (SBI) in the kingdom of Bahrain [18]. This index en-
ables players in the building and construction sector and the 
energy policy makers to perceive the interest of investors in 
the kingdom of Bahrain in conducting Building Integrated 
Photovoltaic (BIPV) or Building Integrated Wind Turbines 
(BIWT) projects, i.e. a type of sustainable or green building. 
It enables the calculation of the Sustainable Building Index 
(SBI), which ranges from 0.1 (lowest), to 1.0 (highest); the 
higher figure the more chance for launching BIPV or BIWT. 
We have found that SBI in Bahrain is 0.48 [18]. This indi-
cates that an extensive effort must be made through policies 
on renewable energy, incentives to BIPV and BIWT pro-
jects, environmental awareness and promotion to clean and  
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sustainable energy for building and construction projects. 
Knowing SBI is important for us to establish a schematic 
comprehensive model which is expected to enhance and ac-
celerate Building Integrated Photovoltaic (BIPV) or Wind 
Turbine (BIWT) projects in the kingdom of Bahrain. In fact, 
this mathematical model (allow calculation of calculating 
SBI) can be used internationally to create a “Global SBI" 
data base, where the Sustainable Building and Construction 
Initiative (SBCI), United Nations, can take this task . The 
second part – which is the scope of this paper - is establish-
ing a comprehensive model which consists of four arms that 
lead to the acceleration of BIPV and BIWT by virtue of con-
centrating on one - or more elements - in one arm. Each arm 
consists of elements in a form of policies or mechanisms that 
Bahrain should establish. These arms are the incentives, leg-
islation, penalties, and strategies. 

The recent work by Taleb and Pitts [19] was devoted to 
study the potential to exploit the use of BIPV in GCC coun-
tries. The aim of their paper was only to assess the potential 
to exploit the use of a particular, but valuable, renewable 
energy option: BIPV in GCC countries. They conducted a 
large-scale survey, followed by a number of in-depth inter-
views, to examine the use of BIPV. Empirical research find-
ings were presented, and then analysed in order to determine 
the current viability of a large-scale expansion of BIPV in 
the GCC region. Their research indicates that the main fac-
tors hindering expansion are high costs and the negative pub-
lic perception of BIPV. They suggested proposals to assist 
the development of suitable policies and the wider introduc-
tion of viable BIPV in the GCC markets. They had reach to 
suggest policies for GCC countries similar, to a certain ex-
tent, to other work in Malaysia [20], may be due to similar 
technological experience and public awareness in utilizing 
BIPV. They [20] suggested long term strategies to reduce the 
cost of BIPV namely (a) Establishment of BIPV information 
services, awareness and capacity building programs (b) De-
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velopment of BIPV market enhancement and infrastructure 
development (c) Improvement of policy and financial 
frameworks supportive for BIPV market sustainability (d) 
Establishment of competitive local BIPV manufacturing in-
dustries and R&D; the outcome of these strategies is to 
strengthen the industry, consumers and policy/decision mak-
ers. 

In this paper we are integrating the mathematical model - 
which we had established earlier [18] - in a comprehensive 
model that will lead to the acceleration and boosting of BIPV 
and BIWT projects in the kingdom of Bahrain. In fact no 
other model was ever established to lead for diffusion of 
BIPV and BIWT in Bahrain. The policies suggested earlier 
[19] are brief and general for GCC countries and can not be 
adopted easily in Bahrain; our model is tailor-made . 

2. THE COMPREHENSIVE MODEL 

The first part of this comprehensive model is mathemati-
cal and deals with numerically indicating the market of 
BIPV and BIWT in Bahrain (mature or premature), i.e. SBI 
of less than 0.5 means “prematurity ” while more than 0.5 
indicated “maturity”. Through the “Barriers” and “Drivers” 
one can be able to improve this market. In this section we are 
establishing a comprehensive model that leads to the accel-
eration of BIPV and BIWT by virtue of concentrating on one 
- or more - elements in one of four arms. These arms are the 
incentives, penalties, legislation and strategies. For example, 
increasing the value of SBI - in the arm of strategies - will 
lead to a faster rate of BIPV projects. Also, limiting the 
building’s electrical requirements per m2 - in the arm of leg-
islation- and imposing taxes - in the arm of penalties - and 
offering easier bank loans for buying Green Building proper-
ties - in the arm of incentives - will lead to the acceleration 
of BIPV or BIWT in Bahrain. 

2.1. The Arm of Incentives 

Among the policies and mechanisms of our “comprehen-
sive” model, incentives could play an important role in ac-
celerating the BIPV and BIWT. The most important incen-
tives are: 

• Provide Free Visas for foreign workers in the construc-
tion of Green Buildings certified by an energy committee. 

• Relieve import taxes on materials imported for Green 
Buildings. 

• Adopt fast clearance procedures on materials im-
ported for Green Building. 

• State subsidy for Green Building promotion. 

• Easier bank loans for buying Green Building Prop-
erty. 

• Easier and more relaxed finance rules for investors 
and contractors involved in Green Building construc-
tion. 

• Government or utilities offer a financial reward for 
every electrical unit (kWh) produced from solar and 
wind electricity in BIPV or BIWT, i.e. 30 fils per 
kWh - knowing that each kWh in Bahrain from 
conventional source costs nearly 16 fils per kWh for 
commercial application. 

• Awarding a state Green Building certificate or Eco-
logical Building certificate for BIPV or BIWT con-
struction. 

• Offer priority for BIPV or BIWT buildings at the 
governmental or public level at an attracting rate; 
government hire flats or houses in these buildings 
over other normal buildings. 

• The government pays 10% of the solar and wind in-
struments and accessories for the first BIPV and 
BIWT commercial construction with 1% decrease for 
the preceded ones within a certain quota. 

• Offer Pay-back. Government should give reimburse-
ments on private residential BIPV or BIWT houses 
equal to 50 % for the households’ solar and wind 
equipment for the first 100 houses followed by less 
payback of the second 100 houses ( say 40%) and so 
on. This means after the build of 500 houses no pay-
back is offered. 

• Issue bonus and prizes to those consultants and con-
tractors that exceed the set limits and produce the 
most efficient building per year; probably one prize 
for the contractor and one for the consultant. 

2.2. The Arm of Legislations 

Setting proper legislation for any system will lead to bet-
ter achievements meeting the objectives of such a system. 
The following legislation will contribute positively to accel-
erating BIPV and BIWT construction in Bahrain: 

• Introduce a feed in tariff; similar to Germany, 
Spain, Japan, USA, etc. 

• Impose a law that forces all commercial construction 
to have at least 10% of its electricity from solar or 
wind or combination. 

• Offer a limited electrical power from conventional 
source for each m2 (may be 10 W per m2) ,i.e. limit 
the building’s electrical requirements per m2 or index 
of peak energy consumption. There can be 5 different 
indices for houses, office buildings, public buildings, 
hotels and schools. 

• Impose a law that oblige schools and governmental 
buildings to have 15 % of their electricity from solar 
and wind energy. 

• Establish national green building code This code 
should involve the major elements set by LEED or 
BREEAM. Even better, is including this code within 
the proposed Bahrain Green Building Council. In this 
code, the energy part should have a large percentage 
share (no less than 40%). Hence, BIPV and BIWT 
will have a substantial influence. In USA a new na-
tional standard to provide minimum guidelines for 
green building practices has been finalized in 2008. 
ASHRAE (www.ashrae.org), in conjunction with the 
Engineering Society of North America and the 
USGBC, is developing ASHRAE 189 – Standard for 
the design of high-performance Green Buildings, ex-
cluding low-rise residential buildings. 
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2.3. The Arm of Penalties 

Although people hate penalties, it is a punitive measure 
that the law imposes for the performance of an act that is 
proscribed, or for the failure to perform a required act. 
Therefore, setting legislation or laws for an energy quota or 
limit for a building is useful practice. Exceeding this limit, 
which is related to carbon emission (larger carbon footprint 
for a building), will lead to imposing a penalty on intruders 
and law breakers. For the benefit of accelerating BIPV or 
BIWT, which are major elements of sustainable, green and 
eco - buildings, one can include the following penalties: 

• Penalty on buildings with high carbon print. Con-
struction companies or investors must be fined if they 
made a building that has a large carbon footprint, i.e. 
the carbon emission resulted from direct or indirect 
use of energy for the building or activity. Probably, 
24 ton of CO2 per year for a 400 m2 built area is con-
sidered as an optimum for Bahrain and GCC as the 
weather is extremely harsh and no natural greenery or 
water is available. 

• Impose high tax on commercial investment build-
ings that are not using an environmentally friendly 
energy source like solar and wind. 

• Set a limit for the ecological footprint of the coun-
try and make a penalty on investors in building con-
struction or real states or stakeholders that highly con-
tribute to this footprint. A 3.0 global hectares per per-
son (7.5 ha per person) is suitable for Bahrain. The 
ecological footprint is a measure of human demand 
on the earth's ecosystems. It compares human demand 
with planet earth's ecological capacity to regenerate it. 
It represents the amount of biologically productive 
land and sea area needed to regenerate the resources a 
human population consumes and to absorb and render 
harmless the corresponding waste, given prevailing 
technology (BIPV or BIWT) and resource manage-
ment practice. Using this assessment, it is possible to 
estimate how many planet earths it would take to 
support humanity if everybody lived a given lifestyle. 
In 2003, the average biologically productive area per 
person worldwide was approximately 1.8 global hec-
tares (gha) per capita. In 2007, UK's average ecologi-
cal footprint was 6.29 ha per capita. The average eco-
logical footprint for the GCC countries was nearly 12 
(UAE was 16 , Kuwait was 10.3 and Saudi Arabia 
was 6.1 ha per capita; no data for Bahrain, Qatar and 
Oman), USA was 12.2 , Germany was 6.3, Japan was 
5.9, India was 1.06 and Bangladesh was only 0.5 ha 
per capita; knowing that each gha = 2.47 ha. 

The human footprint has exceeded the incapacity (the 
available supply of natural resources) of the planet by 20%. 
The available biological capacity for the 6 billion people on 
earth in 1992 was about 1.3 hectares per person, which is 
smaller than the 1.8 global hectares because it did not in-
clude bio-productive marine areas. 

2.4. The Arm of Strategies 

Civilized and cautious governments and parliaments 
should have clear strategies with regards to housing, building 

and construction sector. This sector, as we showed earlier 
consumes nearly 55% of the national energy produced. This 
energy is needed for producing, transportation, damping and 
recycling of building materials, as well as manpower. Water 
production, cooling, heating and ventilation - for thermal 
comfort - are important and require an energy source. Con-
ventional sources of energy are available in the region but 
are polluting, i.e. each kWh of electricity from conventional 
source (natural gas) emits nearly 1 kg of CO2 in production. 
With the huge investment in construction and real state - 
which have shown that it is a fast money making business – 
the environment had been badly affected. Therefore, strate-
gies should be made so that clean and renewable energy 
sources are available for building and construction, espe-
cially that the projected additional electricity capacity needed 
by 2010 in GCC countries is as follows: 

• Bahrain - 1200MW at an estimated cost of US$900 
million 

• Kuwait - 3400MW at an estimated cost of US$2.5 bil-
lion 

• Oman - 1100MW at an estimated cost of US$900 
million 

• Qatar - 800MW at an estimated cost of US$600 mil-
lion Saudi Arabia - 20000MW at an estimated cost of 
US$15 billion 

• United Arab Emirates - 6600MW at an estimated cost 
of US$5.1 billion 

The following strategies should be considered in Bahrain 
in order to accelerate the BIPV and BIWT projects, either 
directly or indirectly: 

• Establish bahrain green building council. On 30 
July 2008 the Gulf Green Building Society was 
officially launched in Kuwait. The founders are 
representatives from Bahrain, Kuwait, Saudi Ara-
bia, United Arab Emirates and Qatar. Now, there 
is Emirates Green Building Council, Saudi Green 
Building Council and Qatar Green Building 
Council. It is expected that Bahraini Green Build-
ing Council will be due in mid 2009; we are offer-
ing all the advice and assistance to the govern-
ment and environmentalist to achieve this goal. 
This council will consider energy, atmosphere, 
site, water, and recycling, material and indoor 
quality. These are the major elements for sustain-
able building. BIPV and BIWT are incorporated 
in the energy part. Green Buildings are in fact 
eco-buildings, Eco Homes, smart buildings or sus-
tainable buildings. According to Wikipedia, the 
2006 version of Eco Homes increases the stan-
dards for energy efficiency, following the 2006 
revisions energy efficiency requirements of the 
Building Regulations. 

• Establish certification or an environmental rat-

ing for building. In UK the environmental rating 
scheme for homes was set by Building Research 
Establishment's Environmental Assessment Met-
hod (BREEAM), which can also be applied to a 
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variety of nonresidential buildings. It was replaced 
by the Code for Sustainable Homes in April 2007. 

BREEAM criteria for design and procurement include 
the following: Management, Health & Wellbeing, Energy, 
Transport, Water, Materials, Land Use, Ecology and Pollu-
tion. USA had established LEED certification made by US 
Green Building Council. LEED stands for Leadership Envi-
ronmental Engineering Design. LEED criteria are: Sustain-
able sites, Water efficiency, Energy & Atmosphere, Material 
and Resources, Indoor environmental quality, Innovation and 
design. 

Also, there is certification of CASBEE (Comprehensive 
Assessment System for Building Environmental Efficiency. 
CASBEE criteria include: Indoor Environment, Quality of 
Service, Outdoor Environment, Energy, Resources and Ma-
terials, Reuse and reusability, Off-site environment GB Tool 
is also a type of certification. Its criteria include: Energy 
consumption, Resource consumption, Environmental load-
ing, Indoor Environmental Quality, Site criteria and Social 
and economic measures. Finally, there is Green Globes US. 
Its criteria includes: Project Management, Site, Energy, Wa-
ter, Indoor environment, Resource, building materials and 
solid waste. 

In all of them, the rating is made according to a weight-
ing system where it is used later to designate the home as 
Pass, Good, Very good, or Excellent or awards points . 

• Establishing rating or certification – based on 
points - will accelerate BIPV and BIWT since 
they count for large points. The target for this cer-
tification is making the Living Building prerequi-
sites include net-zero annual energy production 
from on-site renewable, net-zero water consump-
tion from rainwater collection and reuse, carbon 
offset for embodied energy in the building’s con-
struction, set-aside of land for habitat equal to the 
area of the project site, maximum distance materi-
als may travel to site by weight and others. 

• Encourage the Clean Development Mechanism 

(CDM) concept and projects. CDM will lead to 
own Certificates of Emission Reduction (CERs) - 
each reduction of one ton (1000 kg) of CO2 qual-
ify for CER. These certificates are initially set to 
have a value of USD 10 but it will end with a 
value USD 100 or more close to year 2012! CDM 
considers BIPV or BIWT as projects entitled for 
endorsement in CDM since they reduce emissions 
of CO2 (indirectly) especially building consumes 
30 to 40 of electricity produce by the country. 
Nearly 1000 CDM projects had been internation-
ally approved and they are worth 200 million 
CERs. This is in fact a very small number as the 
required number of CERs is 2 to 3 billion by 
2012! Unfortunately, nearly 10 projects are from 
the Middle East and only one project from Qatar 
in Gas flaring. There is one project in Bahrain 
(Carbon injection) which is in the process of 
evaluation. 

• Improve the Sustainable Building Index (SBI). 
This is our index which has been published in the 

journal of Energy and Buildings. This is explained 
in the above section. 

• Now, our SBI is only 0.48, therefore, we have to 
overcome the barriers and increase the drives in 
BIPV and BIWT in Bahrain. SBI of more than 0.8 
should be set as a target in one year. 

• Consider all international environmental re-

ports like Environmental Performance Index (set 
by University of Yale in collaboration with Uni-
versity of Colombia). The 2008 Environmental 
Performance Index (EPI) ranks 149 countries on 
25 indicators tracked across six established policy 
categories: Environmental Health, Air Pollution, 
Water Resources, Biodiversity and Habitat, Pro-
ductive Natural Resources, and Climate Change. 
The EPI identifies broadly-accepted targets for 
environmental performance and measures how 
close each country comes to these goals. 

As a quantitative gauge of pollution control and natural 
resource management results, the Index provides a powerful 
tool for improving policymaking and shifting environmental 
decision making onto firmer analytic foundations. In 2008 
the GCC countries were in low rank (Saudi Arabia 78, Oman 
91, Kuwait 111, UAE 112 and no data for Bahrain!). UK 
was in rank 14, USA 39, while Switzerland was rank 1. 

Also following International reports on carbon footprint 
on a periodical basis is important and will lead to the accel-
eration of BIPV and BIWT. The carbon footprint is a meas-
ure of the exclusive global amount of carbon dioxide (CO2) 
and other greenhouse gases emitted by human activity or 
accumulated over the full life cycle of a product or service. 
Normally, a carbon footprint is expressed as a CO2 equiva-
lent (usually in kilograms or tonnes), which accounts for the 
same global warming effects of different greenhouse gases. 
Unfortunately, Bahrain is among top 10 countries with high 
carbon footprint (23.9 ton of CO2 per capita). The typical 
figure is no more than 2 ton of CO2 per capita (Table 1). 

• Improve the electrical system integration be-

tween the national grid and electricity from PV 
or wind electricity produced from buildings, i.e. 
BIPV or BIWT, or other means of renewable en-
ergy. The national grid should be capable to re-
ceive the feed – in electricity from BIPV or BIWT 
without disturbance. Also, a good metering sys-
tem must be made available so that the end user 
(customer) and the producer (Authority of Elec-
tricity and Water, AEW, or Utility private compa-
nies) is able to read the feed in electricity from 
BIPV or BIWT to the national grid and the con-
sumed electricity from the AEW in order to de-
termine the reduction in CO2 emission and conse-
quently offer a bonus for each clean kWh pro-
duced. This will eliminate and alleviate the use of 
Batteries in the BIPV and BIWT. 

Net metering service is a service to an electric consumer 
under which electric energy generated by that electric con-
sumer from an eligible on-site generating facility and deliv-
ered to the local distribution facilities may be used to offset 
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electric energy provided by the electric utility to the electric 
consumer during the applicable billing period. 

Net metering is an electricity policy for consumers who 
own, generally small, renewable energy facilities, such as 
wind or solar power. "Net", in this context, is used in the 
sense of meaning "what remains after deductions”. In this 
case, the deduction of any energy outflows from metered 
energy in flows. Under net metering, a system owner re-
ceives retail credit for at least a portion of the electricity they 
generate. The ideal is to make the customers existing elec-
tricity meter spin backwards, effectively banking excess 
electricity production for future credit. In reality, the rules 
vary significantly by country. 

The Authority of Electricity and Water, AEW, or any 
electric utility shall make available, upon request, net meter-
ing services to any electric consumer that the electric utility 
serves.  

New Jersey and Colorado are widely considered to have 
the best net-metering policies in the United States as both 
have no limit on enrollment (less than 2MW each), roll over 

month to month and pay annually for excess generation at an 
avoided-cost rate (New Jersey) or incremental cost (Colo-
rado) . 

In making the net metering the government can establish 
Feed-in-Tariff, making use of different worldwide experi-
ence. Table 2 shows different incentive rates for solar elec-
tricity from BIPV or BIWT [21] . 

The United Kingdom government is reluctant to intro-
duce the net metering principle because of complications in 
paying and refunding the value added tax that is payable on 
electricity, but pilot projects are underway in some areas. 

In fact, investors do not like to incorporate batteries in 
BIPV due to its negative environmental impact as well as its 
cost and maintenance. Sharp company [22] made a case 
study for installing 100 kW thin PV and compared it with 
Silicon polycrystalline PV. They preferred thin films due to 
the following reasons: 

• Less use of silicon material, no material shortage 
problem (Resource Saving). 

Table 1. Ranks of Carbon Footprint of Different Countries from 1990 to 2004. http://en.wikipedia.org/wiki/List_of_count-

ries_by_carbon_dioxide_emissions_per_capita 

Rank Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

1 Qatar 22.5 37.4 55.3 62.1 60.2 60.4 61.4 68.7 60.3 56.9 60.1 66.3 67.4 63.1 69.2 

2 Kuwait 21.1 5.5 10.0 16.4 20.6 32.3 28.4 28.1 33.8 32.6 31.7 28.8 27.1 31.1 38.0 

3 U A E 29.3 30.2 29.4 31.0 33.0 30.2 16.9 17.7 36.4 36.0 35.6 33.5 33.7 33.6 37.8 

7 Bahrain 22.5 21.9 19.5 27.2 26.6 27.2 25.9 27.9 28.8 27.4 27.8 26.4 30.6 31.0 23.9 

10 U S A 18.9 18.7 18.4 19.3 19.5 19.3 19.4 20.2 19.8 19.9 20.4 20.1 20.0 19.8 20.4 

Table 2. Typical Feed-In Tariffs in USD [21] 

 Wind Photovoltaics Hydro Biomass 

Austria 0.101 0.615  0.227 

Brazil 0.074  0.052 0.065 

California  0.500   

Czech Republic 0.115 0.620   

France 0.110 0.736 0.073 0.120 

Germany 0.105 0.658 0.100 0.147 

Italy  0.595   

Minnesota 0.048    

Outario 0.096 0.365 0.096 0.096 

Portugal 0.106 0.381 0.110  

South Korea  0.776   

Spain<50MW 0.078 0.451 0.078 0.078 

Turkey 0.067    

Washington State  0.620   
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• Superior temperature-characteristics to crystal-
type Si solar module. 

• 50% up in power from amorphous type - main-
stream of thin film solar module. 

• Improved-strength design adopting tempered glass 
for cover glass. 

• Versatile applications such as BIPV and See Thru 
Thin Film PV. 

• Improved appearance. 

Thin films PV’s, as a general rule of thumb, need roughly 
double the amount of area of modules for the same kW out-
put due to their lower efficiency, however, they operate on a 
larger solar spectrum [23]. Sharp [22] installed in their test 
1200 solar PV modules, each of efficiency 8% and weighing 
18kg rated as 85 W thin film (NA 851 WQ). The required 
area was 1283 m2. They found that for each kW PV of this 
type the power out is 1527 kWh/y (while for crystalline PV 
it is 1434 kWh/y). This is good harnessing from the sun 
since, theoretically, the average solar irradiation in Bahrain 
is 60.8 kWh/m2 on surface titled at angle of surface of 25  
(Bahrain latitude is 26  N) - this is the best tilt angle for PV 
installation in Bahrain, according to their study. They found 
that the PV electricity for installing 100 kW at tilt of 25  is 
143371 kWh/y using polycrystalline PV, while for thin films 
it is 152660 kWh/y (Table 3). 

In Japan the yield will be less than Bahrain by 28%, 
while India is larger than Bahrain by 21%. (This is due to the 
effect of heat (temperature) on PV; Average temperature in 
Bahrain is 26.5  C while in Japan is 15.6  C). This means for 
100 kW PV thin film the saved CO2 is 105515 kg (106 ton) 
and is 99000 kg (99 ton) for crystalline silicon, annually. If 
batteries are needed to store 100 kW at 10hrs at night (1000 
000 Wh) with 12 V and 200 Ah batteries, then we need: 

Number of batteries= Energy needed / (200 Ah x 12 V)  
= 1000 000 Wh / (2400) = 417. 

This is a large number of batteries. It can be reduced if 
one wants only 6 hours at night; which become 250. This 
large number of batteries is a burden on investors as each 
battery costs nearly USD200. 

Adopt the Word Bank Study for Bahrain: Local Manufac-

turing of RE Technologies 

The World Bank conducted a study for the Ministry of 
Finance at the kingdom of Bahrain for the purpose of invest-
ing in renewable energy. We made a significant contribution 
(see the appendix). The objective of the study is to devise a 
strategy for developing and using alternative energy in Bah-
rain as an integrated component of energy supply and to ex-
amine the economic and business opportunities for Bahrain 
to supply alternative energy technologies and services for its 
own use and to other countries in the region. Renewable en-
ergy resources should have a strong contribution in the en-
ergy option in Bahrain as the country's gas reserve is declin-
ing (Fig. 1). 

Declination of natural gas will affect demand and supply. 
In 2018 it is expected that demand will be more than supply 
(Fig 2). Therefore, reducing energy for the building and con-
struction sector is important. BIPV and BIWT play an im-

portant role and consequently the prices of natural gas will 
increase substantially (Table 4). 

Table 4 indicates, that the present cost structure (genera-
tion capital cost, operation and maintenance, fuel cost,…etc) 
will be double in 2015 compared to 2005. The total cost of 
natural gas in 2005 is 3.3 ¢ / kWh and will jump to 6.29 ¢ / 
kWh for gas based and 9.02¢ / kWh to oil based. According 
to the study the Renewable Energy Options for Bahrain are: 

Wind Power 

• Stand-alone wind power 

• On-shore utility-scale wind farms 

• Off-shore utility-scale wind farms 

Solar Energy 

• Solar water heaters 

• Solar cooling systems 

• Solar PV 

• Large-scale concentrating solar power (CSP) 

• Biomass energy is not a major source for Bahrain ex-
cept municipal solid waste and sewage. Also, there is 
no significant hydroelectric energy as well as tidal 
energy. Wave energy is too far off in future. The 
study of the World Bank came up with the following 
advantages if the government is engaged in the Local 
Manufacturing of RE Technologies: 

Economic Benefit Could be Significant 

• Every country has Renewable Energy (RE) on its 
agenda. Therefore, Bahrain should have it. 

• Economic incentive has never been this high from 
RE. 

• Political profile and international pressure are pushing 
GCC countries towards RE. 

Employment (Job Creation) is Significant 

• Manufacturing of the equipment. 

• Construction and installation of projects. 

• Operation and maintenance of the projects over their 
lifetime. (Note that Denmark employs 20,000 in the 
wind industry)  

Bottlenecks (Barriers) are also Significant 

• Competition from big players. 

• Competition from emerging players. 

• Stable and sizeable domestic demand. 

• Complementarily with local industry and services. 

• Business environment. 

• Financial “muscle”. 

Business Models 

• Based on R&D initiated by a domestic firm or in 
combination with other domestic research entities.
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Table 3. Comparison Between Power Output of 1 kW of Thin Film PV (Top) and 1 kW Crystalline Silicon PV (Bottom) Having 

Similar Area, in Bahrain [22] 

Month    Inclination     

 0° 5° 10° 15° 20° 25° 30° 35° 

Jan 89 96 102 109 113 118 121 124 

Feb 103 109 115 119 123 127 129 131 

Mar 115 118 121 123 124 125 125 125 

Apr 134 134 136 136 135 134 132 129 

May 142 142 141 139 137 134 130 126 

Jun 147 146 144 142 138 134 130 124 

Jul 137 136 135 133 131 127 123 118 

Aug 132 133 134 133 132 131 128 125 

Sep 125 128 130 132 133 133 132 131 

Oct 110 115 120 124 127 130 131 132 

Nov 96 104 111 116 122 126 131 133 

Dec 82 88 94 100 104 109 112 115 

Total 1410 1449 1482 1505 1520 1527 1525 1513 

Ratio 20° 92.39% 94.90% 97.09% 98.59% 99.57% 100% 99.87% 99.12% 

Thin Film Module PV 1kW Unit: kWh Average 1527 kWh/year 

 

Month    Inclination     

 0° 5° 10° 15° 20° 25° 30° 35° 

Jan 86 92 99 104 109 113 117 120 

Feb 99 105 111 115 119 122 125 126 

Mar 110 113 115 117 118 119 119 119 

Apr 126 127 128 128 128 126 125 121 

May 132 132 131 130 127 124 121 117 

Jun 135 135 133 131 128 124 119 114 

Jul 126 125 124 122 120 117 113 109 

Aug 122 122 123 122 122 120 118 115 

Sep 115 118 120 122 123 123 122 121 

Oct 103 107 112 116 119 121 122 123 

Nov 91 98 105 110 115 120 124 126 

Dec 78 85 91 95 100 104 108 111 

Total 1323 1360 1392 1413 1427 1434 1432 1422 

Ratio 20° 92.29% 94.86% 97.07% 98.54% 99.55% 100% 99.90% 99.19% 

Crystalline Module PV 1kW Unit: kWh Average 1434 kWh/year 
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• A leading international manufacturer establishing a 
local presence in which certain components or entire 
systems are manufactured in the local market. 

• A licensing agreement based on which a domestic 
firm acquires the technology and may further inno-
vate/adapt the technology prior to manufacturing. 

• Joint venture between a leading manufacturer and a 
local firm. 

Table 5 summarizes, the government's policy to support 
local manufacturing of RE technologies in different coun-
tries in Wind Turbine Manufacturing [21]- as an example. 
The study made a Strategic approach toward local manufac-
turing of RE technologies. These are: 

• Be aggressive with implementation of RE in Bahrain 
but claim GCC as your local market. 

• Conduct high profile demonstrations of technologies 
especially relevant to region. 

• Become known for carrying out long term adaptive 
R&D on a select number of technologies. 

• Partnership with leading international manufacturers. 

• Make the kingdom of Bahrain a favorable location for 
the installation of new manufacturing plants for key 
technologies. 

On Short- to Medium-term Agenda 

 * Become a showcase in GCC for: 

• Solar water heaters in the commercial and in-
dustrial sectors. 

• Geothermal exchange cooling systems. 

• Seawater district cooling. 

• Efficient air-conditioning systems. 

* Become a partner in adaptive R&D with some well-
known entities (manufacturers and research organizations) 
in: 

• Manufacturing of various cooling systems. 

• Modular AC/DC air conditioning systems. 

• Wind power technologies. 

• Solar thermal power. 

• Launch a program of high quality wind meas-
urements at several potential sites including 
some off-shore oil platforms. 

* Become an exporter of solar-grade silicon. This re-
quires a large technical survey on the desert terrain of Bah-
rain. 

On Medium- to Long-term Agenda 

*Become a showcase in GCC for: 

• Wind farms. 

• Solar air conditioning. 

• Rooftop PV and net metering. 

• Solar thermal power. 

Table 4. Comparison of the Gas Cost Structure in 2005 to 

that in 2015 [21] 

Present Cost Structure (2005) 

 Fils/kWh ¢/kWh 

Generation capital cost 2.2 0.59 

O&M cost 1.1 0.29 

Fuel cost 4.3 1.14 

Total generation 7.6 2.02 

T&D 5.01 1.33 

Total cost 12.6 3.35 

Forecast Cost Structure (2015) 

 Gas-based Oil-based 

Generation capital cost 1.32 1.82 

O&M cost 0.52 0.91 

Fuel cost 2.95 4.97 

Total generation 4.79 7.52 

T&D 1.50 1.5 

Total cost 6.29 9.02 

 

 

 

 

 

 

Fig. (1). The gas reserve declination in Bahrain and other countries

[21]. 

 

 

 

 

 

 

 

Fig. (2). The Bahrain gas and supply scenario [21]. 
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• Become a supplier of equipment and services; 
candidate technologies include: 

• Manufacturing of wind systems. 

• Manufacturing of efficient air conditioning, so-
lar cooling systems. 

• Manufacturing of solar PV. 

• Manufacturing of solar thermal systems. 

Some important notes had been made in the study on 
promising medium term technologies. These are: 

o Absorption coolers. Proven non-electric A/C 
technology; they are the first step for future full 
solar cooling systems. They have high potential 
for GCC countries. However, they need natural 
gas connection. Bahrain should first study the vi-
ability of establishing an urban gas distribution 
system. 

o Emerging modular AC/DC air-conditioning sys-
tems (“Solcool”). It is of high potential for the 
GCC countries since it is more efficient electric 
A/C. They operate on PV. However, they are of 
high cost and still of unknown performance. Bah-
rain could partner with international players for 
adaptive R&D. 

o Wind power. It is quite attractive, especially on-
land systems. It needs multi-year wind speed 
measurements for large-scale grid-connected in-
vestments. This power should be made part of the 
medium-term strategy. 

o Roof-top PV and net-metering. EU and the United 
States encourage this practice aggressively. It is 
conceptually attractive to GCC, but its costs are 
too high at this stage. 

o Solar thermal power. It is expected to be the most 
cost efficient technology. It is expected to reach 
5000 MW by 2015. Bahrain should stay on the top 
of developments in this area. 

The innovation of BIPV is becoming wide. It is worth 
noting that manufacturing PV using various technologies - 
Crystalline Silicon (Mono and Poly), Thin films (Silicon), 
Thin compounds, Organic PV) - is a wise decision to be 
taken into consideration by the government. The survey 

made by Marsh [23] is worth considering. It illustrates sev-
eral success stories and applications with a highlight on cost. 
According to Marsh, SolarSave roofing tiles from Open En-
ergy Corporation are solar PV/polycarbonate tiles which are 
manufactured in black, red/brown and blur/gray colours. 
Each tile weighs 12lb (nearly 3 kg), measures 17in by 36in 
and provides up to 35W (87W/m

2) 48VDC. Locally manu-
facturing such a product as a joint venture is a promising 
commercial business with positive refection on BIPV dis-
semination. United Solar Ovonic, LLC makes UniSolar 
BIPV material. Partner companies of UniSolar are 
ThyssenKrupp, Alwitra, Corus and Solar Integrated Tech-
nologies. The American Energy Technologies Inc has in-
stalled over 5000 peel and stick UniSolar panels on a metal 
roof of a large warehouse to generate up to 700kW. Sun Edi-
son LLC is using them over 74000ft2 of metal roof of a large 
distribution centre in Connecticut to provide up to 433kW of 
power. Schott successfully deposited amorphous silicon 
semiconductor material onto glass in a layer less than a mi-
cron thick, whereas wafers of crystalline silicon are at least 
180 microns thick. Solar Solutions LLC produces PV mate-
rial embedded in glass and allows 10% of natural light 
through when generating full power (see thru). First Solar 
Inc has produced a high rate vapor transport deposition proc-
ess for depositing cadmium telluride based semi-conductors 
( thin film compound) onto glass substrate pane by pane and 
quotes a price USD 1.87 / W compared with crystalline sili-
con cells at around USD 2 /W to USD 3 /W. After awarding 
Nobel Prize to Alan Heeger in 2000, for his work on Organic 
PV (OPV), followed by another Nobel Prize to Alan 
MacDiarmid and Hideki Shirakawa (Americans) with a 
Korean Kwanghee Lee organic solar cells are expected to 
have an efficiency of 25%. 

Masdar, the clean energy arm of the government of Abu 
Dhabi, just announced that it will invest USD2 billion in tin 
film [24]. Nanosolar announced that they achieve radical 
cost savings by directly applying photo-active chemicals 
with ink composed of nano particles. They are producing 
Nanosolar’s Power Sheet cells which roll off the machines 
like pages of newspaper in a printing press at a rate of sev-
eral hundred feet a minute. They claim that starting from 
December 2008 they will sell thin films panels at USD1 per 
W! The Bahrain government should think seriously about 
becoming partners with such leading companies in PV 
manufacturing in BIPV. 

Table 5. Some Government Policies to Support Manufacturing RE Technologies [21] 

Policy Purpose Countries 

1- Local content requirement Encourages leading manufacturers to transfer technology. 

Should be applied in a gradual and staged manner. 

Spain, China, Brazil, Canada. 

2- Financial and tax incentives Improves financial viability through low-interest loans, tax credits, and 

direct investment in joint ventures. 

Denmark, Germany, Spain, 

China. 

3- Indirect financial support through 

market creation 

Improves economic viability through the increased volume, feed-in tariffs, 

mandatory energy targets, government tendering, financial and tax incen-

tive for development and use of RE. 

Germany. Denmark, Spain, 

India, China, UK, US. 
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3. CONCLUSION 

Our “comprehensive” model relates our mathematical 
model [18], which allows the calculation of the sustainable 
building index (SBI), with policies that the government of 
Bahrain should initiate and undertake in order to accelerate 
the BIPV and BIWT building projects in Bahrain. These 
policies are of many arms: incentives, legislations, penalties 
and strategies. Any operation in any of the arms will lead to 
a diffusion of BIPV and BIWT projects and hence a reduc-
tion of CO2 emission in Bahrain. Furthermore, it will prolong 
depleted energy resources and utilize them for other indus-
trial processes (petrochemicals). This will increase Bahrain’s 
Environmental Performance Index and the Ecological foot-
print as well as reduce the Carbon footprint. Fig. (3) summa-
rizes the comprehensive model. This model will be a work-
ing agenda for parliament and the government of the king-
dom of Bahrain as its major content is indorsed in the report 
made by the World Bank [21] to the government of Bahrain. 
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