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Bahrain’s Third National Communication (TNC) was coordinated by the Supreme Council 
(SCE) for Environment and prepared in partnership with the United Nations Environment 
Programme, West Asia Office (UNEP), with funding from the Global Environment Facility 
(GEF).  

An agreement with the Arabian Gulf  University (AGU) and University of  Bahrain (UOB) 
was established to execute the technical studies. Preparation of  the TNC was a national 
effort with the participation of  experts representing different national entities. 
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I am pleased to present the Kingdom of  Bahrain’s Third National Communication as part of 
Kingdom›s commitments to the United Nations Framework Convention on Climate Change 
(UNFCCC) as well as the Paris Climate Agreement.

The Kingdom of  Bahrain is keen to preserve the environment and its natural resources from depletion, 
as stated in its Economic Vision 2030, which encourages more sustainable sources of  energy and 
investment in green technologies that contribute to mitigation of  greenhouse gas emissions that 
cause climate change.

The Kingdom of  Bahrain is a small island nation. One of  the most serious threats to its development 
is sea level rise due to climate change. Therefore, Bahrain has embarked on implementing its 
international obligations, taking climate change into account in the formulation of  policies, activities 
and development plans.

The Kingdom believes that the need to respond to climate change is incumbent on all countries 
under the principle of  common but differentiated responsibilities. The Paris commitments require a 
common global effort at various levels and a significant flexibility on part of  developed countries to 
provide funding for the Global Environment Facility (GEF) and the Green Climate Fund (GCF) and 
to facilitate technology transfer to enable greenhouse gas reductions and avoid the adverse impacts 
associated with climate change.

Finally, I would like to thank all ministries and national institutions that contributed to the preparation 
of  this report; the technical assistance provided by the Western Asia Office of  the United Nations 
Environment Program (UNEP); and the support of  international experts.

Foreword

Abdullah Bin Hamad AL Khalifa
President, Supreme Council for Environment
Manama- Kingdom of  Bahrain

i
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ii Executive summary 

Executive summary 

Bahrain is a small island developing state (SIDS) 
situated in the west central part of  the Arabian Gulf, 
about 25 km east of  Saudi Arabia. Total land area is 
currently about 780 km2, with a mostly flat, gently 
rolling topography and a total coastline of  946 km.

National circumstances
Bahrain’s coastline and land area have evolved 
considerably over the last 30 years due to a series 
of  land reclamation projects, which continue to the 
present day. Roughly, 111 km2 of  reclaimed land has 
been added since 1980, accounting for about 15% of 
its current total land area. 

Bahrain is an arid country with mild, pleasant winters, 
and summers that are very hot and humid. Rainfall 
is negligible from April through the end of  October, 
coinciding with high temperatures. Relative humidity 
is highest during the winter months of  December 
through February, although other months of  the year 
show only slightly lower levels. 

Bahrain enjoys a rich social milieu, with diverse 
communities living side by side in primarily high-
density urban contexts throughout the island. Several 
key aspects of  the Bahrain social fabric are described 
in the subsections that follow. In 2019, total population 
is approximately 1.5 million with roughly half  of  the 
population comprised of  visiting expatriates who 
come to pursue work opportunities. Most of  the 
population is centered in the capital, Al Manamah 
and other major urban centers like Al Muharraq,  
Ar Rifa’and Hamad Town. 

Agriculture accounts for only 0.3% of  gross domestic 
product (GDP) and production consists mainly of 
fruits, vegetables, poultry, dairy products, shrimp, and 
fish, all of  which is for domestic consumption. Low 
agricultural productivity is a function of  both limited 
arable land  - only 2.1% of  the land is arable - and the 
hyper arid climate. 

Bahrain produces around 42,000 barrels of  oil a day. 
It also receives 50% of  the revenues associated with 
the approximately 300,000 barrels per day produced in 
the Saudi operated Abu Sa’fa oil field which is situated 
on the maritime border between Saudi Arabia and 
Bahrain. 

In 2017. Bahrain began construction of  the Middle 
East’s first liquified natural gas (LNG) receiving and 
regasification terminal off  shore Hidd Industrial Area 
on Muharraq Island. When complete, the facility will 
help Bahrain meet increasing demand for natural gas 
for industrial and urban development.

Five power stations with a combined installed capacity 
of  3.9 GW account for Bahrain electric generation. 
Electricity consumption per capita is high, and is 
driven in large part by air conditioning demand.
Bahrain is a highly water stressed country from a 
freshwater resource availability perspective. There are 
only 3 cubic meters (m3) of  renewable groundwater 
per capita, compared to a world average of  6,000 m3 

per capita. Rising population combined with high 
consumption patterns have led to the gradual depletion 
of  groundwater sources. 

Water supply is provided by high-cost desalinated 
water produced using energy-intensive thermal and 
membrane-based technologies Water demand is 
very high on a per capita basis, about 500 liters per 
person per day. The municipal distribution network 
meets demand mostly for households, businesses, 
and government buildings and accounts for 60% of 
all water consumption. The balance is satisfied by 
groundwater extraction or on-site desalination.

A desert environment dominates Bahrain’s terrestrial 
landscape, except for a narrow fertile strip that is found 
along the northern and northwestern coastlines. The 
desert is home to many types of  insects, reptiles, birds 
and wild mammals. As a step in preserving terrestrial 
biodiversity, the AlAreen Wildlife Park and Reserve 
was established in 1976 to provide a refuge for the 
endangered species and their breeding habitats, as well 
as an educational center to learn about local wildlife.

The marine environment is characterized high rates of 
evaporation during most of  the year and a shortage 
of  freshwater input. The most vital marine habitats 
are mangrove and seagrass beds in the intertidal 
regions and coral reefs in the subtidal regions. Coastal 
development projects have significantly reduced the 
area of  these natural resources, a situation that has 
led to efforts to restore habitats in the vicinity of 
reclaimed lands.
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Bahrain enjoys a modern, high-quality healthcare 
system. Infant mortality in Bahrain is very low, as is 
mortality among children under 5 years of  age. Life 
expectancy is marginally better than the Arab world, 
and marginally worse than the world average. There is 
also high literacy for males and females, due in large 
part to high enrollment rates across preschool and 
tertiary educational systems. Average literacy rates 
among adults exceed rates in SIDS, Arab states, and 
the World. 

Bahrain has a relatively open economy. With a per 
capita income of  over $22,000 in 2016, it is classified 
by the World Bank as a high-income economy. In 
2016, Bahrain’s real GDP was approximately US 
$31.4 billion at market exchange rates, up from US 
$ 23.8 billion in 2008, an average annual growth rate 
of  about 3.6%. The largest share of  GDP, about one 
fifth, comes from the mining and quarrying sector, of 
which oil and gas operations account for most of  the 
contribution, about 97%. 

In concert with other Gulf  countries, Bahrain has been 
active in exploring economic diversification strategies 
to wean the economy away from oil dependency. 
In 2008, the Economic Vision 2030 initiative was 
launched with a goal of  a diversified and dynamic 
economy, including diversified energy sources. The 
Vision has three guiding principles: sustainability, 
competitiveness, and fairness. The vision is distinct 
from previous diversification efforts across the Gulf 
due to its comprehensive and strategic nature.

Policymaking relevant to climate change takes place at 
multiple levels. At the multilateral/international level, 
Bahrain is party to many international conventions, 
including the UNFCCC, the Kyoto Protocol, the 
Paris Agreement, the Montreal Protocol on ozone 
depletion, and the 2013 Beijing Amendment to the 
Montreal Protocol. At the national level, Bahrain has 
been active in forming new institutions to take the 
lead in formulating policy relative to sustainability, the 
environment, energy, and climate change.

One notable example of  a new institution is the 
Sustainable Energy Center (previously Sustainable 
Energy unit), launched in 2014. The Unit was a 
joint project with the United Nations Development 
Program (UNDP) and focuses on developing policies 
to promote energy efficiency and renewable energy, 
with associated benefits such as reducing carbon 
emissions and improving local air quality. Upscaled 
from unit to an organ of  the government, the center 
has launched two major initiatives, namely the National 
Renewable Energy Action Plan (NREAP) and the 
National Energy Efficiency Action Plan (NEEAP).

Greenhouse gas inventory
Table ES-1 presents total greenhouse gases (GHG) 
emissions and sinks for the year 2006. Total GHG 
emissions in 2006 were 29,153 Gg CO2-equivalent 
(CO2e), which includes 20,149 Gg from energy; 
8,704 Gg from industrial processes and product use 
(IPPU); and 268 Gg from waste. CO2e emissions from 
Agriculture, forestry and other land use (AFOLU) 
were about 33 Gg, which after accounting for carbon 
sinks in managed green spaces and parks totaled 8 Gg. 
Net national emissions in 2006 were 29,129 Gg, after 
accounting for these carbon sinks.

Energy-related activities (Activities of  oil sector and 
electricity sector and transportation sector) accounted 
for the dominant portion of  GHG emissions in 
Bahrain in 2006. Approximately 69% of  all GHG 
emissions are associated with the combustion of  fossil 
fuels or the release of  fugitive emissions. Industrial 
processes and product use accounted for about 30% of 
all GHG emissions, followed by the waste sector that 
accounted for about 1% of  total emissions. Emissions 
from agricultural and land use activities are negligible, 
less than 0.2% of  total national emissions.
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Energy-related activities accounted for the 
dominant portion of GHG emissions in 
Bahrain in 2006. Approximately 69% of all 
GHG emissions are associated with the 
combustion of fossil fuels or the release of 
fugitive emissions from oil and gas 
operations. Industrial processes and product 
use accounted for about 30% of all GHG 
emissions, followed by the waste sector that 
accounted for about 1% of total emissions. 
Emissions from agricultural and land use 
activities are negligible, less than 0.2% of 
total national emissions. 

GHG emission inventories were also 
prepared for the years 2007 to 2015, 
inclusive. Over this period, total emissions 
have increased by about 37%; from 29,153 
Gg CO2e in 2006 to about 39,902 Gg CO2e 
in 2015, or roughly 3.5%/year. Emissions of 
CO2 are increasing slightly above this rate, 
4.0% per year. Notably, HFC emissions are 
experiencing the highest levels of annual 
growth in Bahrain, roughly 33% per year. 

Vulnerability and adaptation - mangrove habitats 

Dense grey mangrove forests are found in 
the Gulf of Tubli, a sheltered and shallow bay 
with extensive intertidal mudflats on the 
eastern side of the main island of Bahrain. 
Changing conditions in the Arabian Gulf 
pose incremental threats to these mangrove 
stands.  

Three main anthropogenic factors have 
adversely impacted Bahrain’s mangrove 
forests, leading to sharp reductions in their 
spatial extent and health. These include 
extensive land reclamation slurry discharge 
from nearby sand washing plants and treated 
wastewater. These impacts are further 

compounded by frequent illegal dumping of 
municipal solid wastes by tankers.  

These factors have led to the loss of about a 
third of total mangrove area in Tubli Bay; 
from 150 hectares in 1980 to about 100 
hectares in 1992. In response, Tubli Bay was 
declared nationally as a protected area in 
1995 and Law 53/2006 designated Tubli Bay 
as a natural reserve. In 1997, it was 
designated internationally as a RAMSAR Site. 
Today, only 31 hectares remain. 

The impact of climate change on mangroves 
in Tubli Bay was evaluated using a 3-part 
methodology. First, a preliminary qualitative 
assessment was undertaken to gain a better 
understanding of the factors that affect 
mangrove vulnerability to climate change. 
Second, biological characteristics of Tubli 
Bay mangroves were assembled from 
available studies to provide baseline 
information. Third, an economic valuation of 
the services and goods provided by Bahraini 
mangroves was undertaken to better 
understand the benefits provided by 
mangroves within an economic context. 

The assessment found that the Bay has high 
exposure to climate change impacts, 
especially sea level rise. The Avicennia marina 
specie found in the Bay displays high 
sensitivity to prolonged seawater flooding 
that would be associated with future sea level 
rise. There is a potentially high impact from 
sea level rise due to the inability of landward 
migration, which also severely limits 
mangrove forest adaptive capacity. 
Combined, these factors suggest a high level 
of vulnerability of climate change in the 
absence of specific adaptation initiatives. 

Various services are provided by Tubli 
mangroves, namely ecotourism, coastal 

Table ES–1: GHG emissions and sinks in Bahrain, 2006 (Gg) 
  CO2       
GHG Sources CO2e Emissions Sinks CH4 N2O PFCs HFCs SF6 
1 Energy 20,149 19,686 0 16.7 0.2 0.00 0.00 0.00 
2 Industrial processes and product use 8,704 2,004 0 0.9 0.0 0.81 0.03 0.00 
3 Agriculture, forestry and other land 
use 

8 7 -25 1.0 0.0 0.00 0.00 0.00 
4 Waste 268 0 0 9.9 0.1 0.00 0.00 0.00 
Total National Emissions 29,153 21,697 --- 28.5 0.3 0.81 0.03 0.00 

Total Net Emissions 29,129 21,697 -25 28.5 0.3 0.81 0.03 0.00 
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GHG emission inventories were also prepared for the 
years 2007 to 2015, inclusive. Over this period, total 
emissions have increased by about 37%; from 29,153 
Gg CO2e in 2006 to about 39,902 Gg CO2e in 2015, or 
roughly 3.5%/year. Emissions of  CO2 are increasing 
slightly above this rate, 4.0% per year. Notably, HFC 
emissions are experiencing the highest levels of  annual 
growth in Bahrain, roughly 33% per year.

Vulnerability and adaptation - 
mangrove habitats
Dense grey mangrove forests are found in the Gulf 
of  Tubli, a sheltered and shallow bay with extensive 
intertidal mudflats on the eastern side of  the main 
island of  Bahrain. Changing conditions in the Arabian 
Gulf  pose incremental threats to these mangrove 
stands. 

Three main anthropogenic factors have adversely 
impacted Bahrain’s mangrove forests, leading to 
sharp reductions in their spatial extent and health. 
These include extensive land reclamation slurry 
discharge from nearby sand washing plants and treated 
wastewater. These impacts are further compounded 
by frequent illegal dumping of  municipal solid wastes 
by tankers. 

These factors have led to the loss of  about a third of 
total mangrove area in Tubli Bay; from 150 hectares in 
1980 to about 100 hectares in 1992. In response, Tubli 
Bay was declared nationally as a protected area in 1995 
and Law 53/2006 designated Tubli Bay as a natural 
reserve. In 1997, it was designated internationally as a 
RAMSAR Site. Today, only 31 hectares remain.
The impact of  climate change on mangroves in Tubli 
Bay was evaluated using a 3-part methodology. First, a 
preliminary qualitative assessment was undertaken to 
gain a better understanding of  the factors that affect 
mangrove vulnerability to climate change. Second, 
biological characteristics of  Tubli Bay mangroves were 
assembled from available studies to provide baseline 
information. Third, an economic valuation of  the 
services and goods provided by Bahraini mangroves 
was undertaken to better understand the benefits 
provided by mangroves within an economic context.
The assessment found that the Bay has high exposure 
to climate change impacts, especially sea level rise. The 
Avicennia marina specie found in the Bay displays 
high sensitivity to prolonged seawater flooding that 
would be associated with future sea level rise. There is 
a potentially high impact from sea level rise due to the 
inability of  landward migration, which also severely 

limits mangrove forest adaptive capacity. Combined, 
these factors suggest a high level of  vulnerability of 
climate change in the absence of  specific adaptation 
initiatives.

Various services are provided by Tubli mangroves, 
namely ecotourism, coastal protection, habitats for 
fisher and bird species. Of  these, the ecotourism 
component has been quantified to date. Based on 
current pricing, visitor patterns, projected operating 
days, and other factors the annual monetary value of 
tourism services provided by Tubli Bay mangroves 
is around US$ 33,000/year. This estimate is likely to 
increase over time as plans to protect Bay waters are 
implemented and infrastructure to support ecotouristic 
activities is built.

Vulnerability and adaptation -  
coastal zones
Sea level rise is one of  the primary and most certain 
consequences of  climate change. As with all small 
island developing states, it represents an almost 
existential risk to the coastlines of  the six major islands 
on which most of  its population and infrastructure are 
located. These coastal areas, less than 5 meters above 
current sea levels, have very high population densities.

The objective of  the coastal zone vulnerability 
assessment was to quantify the extent of  seawater 
inundation by land type and location for a set of 
plausible sea level rise scenarios for the years 2050 
and 2100. The study area consisted of  all land area 
from the coastline to inland areas up to 5 meters above 
mean sea level (MSL) for seven distinct land segments, 
namely Northern Bahrain, Southern Bahrain, 
Muharraq, Sitra, Nabih Saleh, Umm Al Nassan, and 
the Hawar Islands. A 3-part methodology was applied 
that included data acquisition, data preprocessing, and 
seawater inundation modeling.

Figure ES-1 summarizes the extent of  seawater 
inundation under the various scenarios for all of 
Bahrain. The results confirm that the country is 
highly sensitive to sea level rise. Significant inundation 
impacts are projected for certain land use categories, 
even at small levels of  rising seas. Some key national 
implications of  the assessment are outlined in the 
bullets that follow.

 ● Wetlands are projected to experience significant 
inundation. Approximately 27 km2, or nearly half 
of  all wetlands in Bahrain would be inundated 
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if  sea levels rise by up to 0.5 meters, with nearly 
three quarters lost if  sea levels rise by up to 1.5 
meters. 

 ● Only modest areas of  reclamation lands would be 
affected with small amounts of  sea level rise. Of 
the total of  50 km2 of  reclaimed land, only about 
2% (1 km2) would be inundated at 0.5 meters, 
but nearly 30% (14 km2) would be inundated at 2 
meters of  sea  level rise.

 ● Built-up areas in Bahrain are best situated to 
withstand sea level rise. Less than 2% (2 km2) 
would be inundated up to 1 meter of  sea level 
rise and only 10% (13 km2) of  these lands would 
be inundated up to 2 meters of  sea level rise. 
Industrial areas are somewhat more sensitive that 
built-up areas to withstand sea level rise. About 
15% (4 km2) of  these lands would be inundated 
with 2 meters of  sea level rise, with under 3%  
(1 km2) inundated with 1 meter of  sea level rise.

 ● All land use categories are severely affected under 
the high sea level rise scenario of  5 meters. The 
airport would be completely inundated while 
wetlands, reclaimed lands, and industrial areas 
would lose at least 94% of  their total area. Built-up 
areas would experience a loss of  74% of  its total 
area. Of  the total sensitive land area of  470 km2, 
only 72 km2 (15%) would not be under water as 
these areas are above 5 meters above MSL.

 ● Some adaptation measures have already taken place 
in certain sectors. Bahrain’s building codes enacted 
in 2009 call for the height of  the ground floor of 

a new building being 1.5 meters above the level of 
the pavement surface. However, much remains to 
be done in Bahrain to ensure climate resilience. In 
the near-term, the focus should be on increasing 
institutional capacity to incorporate sea level rise 
risks within development planning

Vulnerability and adaptation - 
water resources
Climate change will exacerbate an already 
unsustainable water supply and demand situation. Sea 
level rise could lead to seawater intrusion into fresh 
groundwater lenses and adverse impacts on inlets/
outlets of  desalination plants. Lower precipitation 
could lead to lower groundwater recharge rates. Higher 
temperatures could deepen the already unsustainable 
levels of  groundwater use by agriculture, households, 
and businesses. The main management challenge is 
how to balance decreasing water supply and increasing 
water use in the context of  a changing climate.

The objective of  the was vulnerability assessment was 
to quantify the impact of  climate change on Bahrain’s 
sensitive municipal water supply-demand equilibrium 
and to quantify the costs and benefits of  specific 
adaptation initiatives (i.e., per capita use reduction, 
leakage reduction). A representation of  the municipal 
water system was developed using Water Evaluation 
And Planning (WEAP) software for the 2015-2035 
period. A scenario-based analytical framework was 
applied (Reference scenario, climate change scenario, 
adaptation scenario).  The first initiative aims to 
achieve a 33% reduction in per capita municipal water 
demand, from the current level of  183 to 122 m3 per 
person per year by 2035. The second initiative aims 
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protection, habitats for fisher and bird 
species. Of these, the ecotourism component 
has been quantified to date. Based on current 
pricing, visitor patterns, projected operating 
days, and other factors the annual monetary 
value of tourism services provided by Tubli 
Bay mangroves is around US$ 33,000/year. 
This estimate is likely to increase over time as 
plans to protect Bay waters are implemented 
and infrastructure to support ecotouristic 
activities is built. 

Vulnerability and adaptation – coastal zones 

Sea level rise is one of the primary and most 
certain consequences of climate change. As 
with all small island developing states, it 
represents an almost existential risk to the 
coastlines of the six major islands on which 
most of its population and infrastructure are 
located. These coastal areas, less than 5 
meters above current sea levels, have very 
high population densities. 

The objective of the coastal zone 
vulnerability assessment was to quantify the 
extent of seawater inundation by land type 
and location for a set of plausible sea level 
rise scenarios for the years 2050 and 2100. 
The study area consisted of all land area from 
the coastline to inland areas up to 5 meters 
above mean sea level (MSL) for seven 
distinct land segments, namely Northern 
Bahrain, Southern Bahrain, Muharraq, Sitra, 

Nabih Saleh, Umm Al Nassan, and the 
Hawar Islands. A 3-part methodology was 
applied that included data acquisition, data 
preprocessing, and seawater inundation 
modeling. 

Figure ES-1 summarizes the extent of 
seawater inundation under the various 
scenarios for all of Bahrain. The results 
confirm that the country is highly sensitive to 
sea level rise. Significant inundation impacts 
are projected for certain land use categories, 
even at small levels of rising seas. Some key 
national implications of the assessment are 
outlined in the bullets that follow. 

§ Wetlands are projected to experience 
significant inundation. Approximately 27 
km2, or nearly half of all wetlands in 
Bahrain would be inundated if sea levels 
rise by up to 0.5 meters, with nearly three 
quarters lost if sea levels rise by up to 1.5 
meters. 

§ Only modest areas of reclamation lands 
would be affected with small amounts of 
sea level rise. Of the total of 50 km2 of 
reclaimed land, only about 2% (1 km2) 
would be inundated at 0.5 meters, but 
nearly 30% (14 km2) would be inundated at 
2 meters of sea  level rise. 

§ Built-up areas in Bahrain are best situated 
to withstand sea level rise. Less than 2% (2 
km2) would be inundated up to 1 meter of 

 
Figure ES-1: Left: Overall area of sensitive land in Bahrain under range of sea level rise scenarios; Right: 
Area of sensitive land by land class, island, and elevation 5 meters above and below MSL 
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to reduce leakage in the water distribution network to 
achieve reductions of  22% of  annual water production 
by 2035 relative to water production in that year under 
business-as-usual conditions.

The results of  the assessment make clear that 
significant water demand reductions are possible and 
therefore it is imperative for Bahrain to formulate a 
clear comprehensive national water policy and strategy 
based on integrated water resource management 
(IWRM) principles. Highlights are summarized in the 
bullets below.

 ● Impact of  climate change: Under RCP8.5 assumptions, 
there would be a cumulative increase of  593 GWh 
of  natural gas-fired electricity, which would lead to 
an additional 385 thousand tonnes of  CO2e. These 
impacts would also come at a significant present 
value cost to the economy, totaling about US$ 
38.7 million. The impacts under RCP4.5 would be 
about one-fifth of  these impacts.

 ● Impact of  per capita reductions: Under RCP8.5 
assumptions, reducing per capita water demand 
by 33% will lead to a cumulative reduction of  26 
TWh of  natural gas-fired electricity and avoid  
17 million tonnes of  CO2e emissions. In addition, 
there would be a cumulative reduction of  5.1 BCM 
of  brine discharge to surrounding Gulf  waters. 
These benefits come at a significant present 
value cost savings to the economy, totaling about  
US$ 1.7 billion.

 ● Impact of  leakage reductions: Under RCP8.5 
assumptions, reducing pipeline network leakage by 
22% will lead to a cumulative reduction of  18 TWh 
of  natural gas-fired electricity, which would avoid 
12 million tonnes of  CO2e. These benefits would 
come at a significant present value cost savings to 
the economy, totaling about US$ 1.2 billion.

 ● Impact of  both initiatives: Figure ES-2 summarizes 
the impact of  combining both initiatives. The top 
figure shows municipal water consumption in 2035 
is about 4% less than 2015 levels, and about 47% 
lower than what it would otherwise be in 2035. 
The bottom figure shows cumulative levels for 
total water use, wastewater generation/treatment, 
brine discharge, and desalinated water production 
are about 27% lower than Reference scenario 
levels. Combining both initiatives will lead to a 
cumulative reduction of  40 TWh of  natural gas-

fired electricity requirements, which would avoid 
26 million tonnes of  CO2e. These benefits would 
come at a significant present value cost savings to 
the economy, totaling about US$ 2.6 billion.

A clear, comprehensive, and integrated water resources 
policy will be required to achieve the above benefits. 
Institutional reforms that build upon the reactivation 
of  the National Water Resources Council in 2016 are 
essential.

Further deterioration of  groundwater resources should 
be addressed by establishing a cooperation mechanism 
between Bahrain and Saudi Arabia in the development 
and management of  transboundary  groundwater 
resources, including groundwater artificial recharge/
storage enhancement using surplus tertiary treated 
wastewater.

Going forward, it will be important to expand water 
sector coverage beyond the municipal sector, in 
order to capture  opportunities for efficiency and 
conservation in the agricultural and industrial sectors.

Modeling Bahrain’s water system would benefit 
from using stochastic methods to better understand 
uncertainty and integrating previous groundwater 
modeling into the WEAP model.
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present value cost savings to the economy, 
totaling about US$ 1.7 billion. 

§ Impact of leakage reductions: Under RCP8.5 
assumptions, reducing pipeline network 
leakage by 22% will lead to a cumulative 
reduction of 18 TWh of fossil-fired 
electricity, which would avoid 12 million 
tonnes of CO2e. These benefits would 
come at a significant present value cost 
savings to the economy, totaling about US$ 
1.2 billion. 

§ Impact of both initiatives: Figure ES-2 
summarizes the impact of combining both 
initiatives. The top figure shows municipal 
water consumption in 2035 is about 4% 
less than 2015 levels, and about 47% lower 
than what it would otherwise be in 2035. 
The bottom figure shows cumulative levels 
for total water use, wastewater 
generation/treatment, brine discharge, and 
desalinated water production are about 
27% lower than Reference scenario levels. 
Combining both initiatives will lead to a 
cumulative reduction of 40 TWh of fossil-
fired electricity requirements, which would 
avoid 26 million tonnes of CO2e. These 
benefits would come at a significant 
present value cost savings to the economy, 
totaling about US$ 2.6 billion. 

A clear, comprehensive, and integrated water 
resources policy will be required to achieve 
the above benefits. Institutional reforms that 
build upon the reactivation of the National 
Water Resources Council in 2016 are 
essential.  

Further deterioration of groundwater 
resources should be addressed by 
establishing a cooperation mechanism 
between Bahrain and Saudi Arabia in the 
development and management of 
transboundary  groundwater resources, 
including groundwater artificial 
recharge/storage enhancement using surplus 
tertiary treated wastewater. 

Going forward, it will be important to 
expand water sector coverage beyond the 
municipal sector, in order to capture  
opportunities for efficiency and conservation 
in the agricultural and industrial sectors. 

Modeling Bahrain’s water system would 
benefit from using stochastic methods to 
better understand uncertainty and integrating 
previous groundwater modeling into the 
WEAP model. 

Greenhouse gas mitigation 

Launched in 2017, the National Energy 
Efficiency Action Plan lays out 22 a 
comprehensive set of initiatives to increase 
energy efficiency potential in Bahrain. The 
Plan identifies 22 new initiatives across all 
sectors to achieve a reduction in energy use 
of 6% by 2025 relative to average energy use 
over the period 2009-2013.  

Launched in the same year, the National 
Renewable Energy Action Plan identified  
feasible solar, wind and biogas renewable 
energy options for Bahrain, establishing a 
national renewable energy target of 5% of 
peak capacity by 2025 and 10% by 2035, 
relative to the projected peak capacities in 
those years. On an electric generation basis, 
this amounts to 478 GWh and 1,456 GWh of 

 
Figure ES-2: Top: Annual impacts of the integrated 
policies on municipal water demand; Bottom: 
Cumulative impacts of the integrated water policies 
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Greenhouse gas mitigation
Launched in 2017, the National Energy Efficiency 
Action Plan lays out 22 a comprehensive set of 
initiatives to increase energy efficiency potential in 
Bahrain. The Plan identifies 22 new initiatives across 
all sectors to achieve a reduction in energy use of  6% 
by 2025 relative to average energy use over the period 
2009-2013. 

Launched in the same year, the National Renewable 
Energy Action Plan identified  feasible solar, wind 
and biogas renewable energy options for Bahrain, 
establishing a national renewable energy target of  5% 
of  peak capacity by 2025 and 10% by 2035, relative 
to the projected peak capacities in those years. On an 
electric generation basis, this amounts to 478 GWh 
and 1,456 GWh of  renewable electricity by 2025 and 
2035, respectively.

Considered individually or together, the initiatives 
established under the energy efficiency and renewable 
Plans will lead to significant levels of  annual avoided 
CO2e emissions. Given the prominence of  energy 
in the GHG emission profile, the scope of  the 
GHG mitigation assessment focused on these plans 
exclusively. 

Three scenarios were considered: a Business-As-
Usual (BAU) scenario assuming pre-Plans conditions; 
an energy efficiency scenario; a renewable energy 
scenario; and a combined scenario considering both 
energy efficiency initiatives and renewable energy. The 
Long-range Energy Alternatives Planning (LEAP) 
modeling tool was used to estimate future annual 
energy savings, incremental costs, and CO2e emission 
reductions. 

Table ES-2 provides an overall summary of  the costs 
and benefits associated with the energy efficiency 
and renewable energy initiatives of  the Plans. The 
following bullets highlight key findings:

CO2e reductions: The 22 energy efficiency initiatives 
provide most of  the cumulative emission reductions, 
about 77%, over 3 times the cumulative emission 
reductions from renewable energy initiatives.

 ● Investment costs: Both the energy efficiency and 
renewable energy initiatives can be implemented at 
substantial cost savings to society. The net present 
value of  cost savings from energy efficiency 
investments is nearly US$ 1 billion, roughly 8 times 

that of  renewable energy.

 ● Costs of  avoiding carbon: While both energy efficiency 
and renewable energy investments reduce carbon 
emissions while also reducing costs, energy 
efficiency is roughly 2.3 times more cost-effective 
per unit of  carbon avoided.

Other information
Public awareness of  climate was assessed through a 
survey. Findings showed that 88% of  the study sample 
believed that the climate had actually changed and 
85% considered the climate change phenomenon to 
be severe and deserved to be addressed. Most believed 
that climate change is due to human causes due to the 
increased concentration of  greenhouse gases in the 
atmosphere. 

Other major findings include the need to make better 
use of  social media to build awareness, as well as print 
and televised media, including the use of  slogans. 
Based on these findings, a climate change awareness 
plan was developed that specified activities, target 
groups, input requirements, and institutional roles.
The degree to which climate change is part of  early grade 
education was evaluated through a series of  studies. 
The core finding is that climate change concepts have 
thus far not been largely incorporated into science and 
social science curricula at the elementary school level. 
To remedy this situation, several recommendations 
have been proposed focusing on curriculum reform, 
teacher awareness raising, and introducing climate-
based activities as teaching aides.

Technology transfer issues were evaluated relative 
to key barriers and needs. To promote strategic 
technology transfer, advancement on the following 
measures will be necessary:

 ● Provision of  an enabling environment for 
technology transfer in renewable energy 
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renewable electricity by 2025 and 2035, 
respectively. 

Considered individually or together, the 
initiatives established under the energy 
efficiency and renewable Plans will lead to 
significant levels of annual avoided CO2e 
emissions. Given the prominence of energy 
in the GHG emission profile, the scope of 
the GHG mitigation assessment focused 
on these plans exclusively.  

Three scenarios were considered: a 
Business-As-Usual (BAU) scenario assuming 
pre-Plans conditions; an energy efficiency 
scenario; a renewable energy scenario; and a 
combined scenario considering both energy 
efficiency initiatives and renewable energy. 
The Long-range Energy Alternatives 
Planning (LEAP) modeling tool was used to 
estimate future annual energy savings, 
incremental costs, and CO2e emission 
reductions.  

Table ES-2 provides an overall summary of 
the costs and benefits associated with the 
energy efficiency and renewable energy 
initiatives of the Plans. The following bullets 
highlight key findings: 

§ CO2e reductions: The 22 energy efficiency 
initiatives provide most of the cumulative 
emission reductions, about 77%, over 3 
times the cumulative emission reductions 
from renewable energy initiatives. 

§ Investment costs: Both the energy efficiency 
and renewable energy initiatives can be 
implemented at substantial cost savings to 
society. The net present value of cost 
savings from energy efficiency investments 
is nearly US$ 1 billion, roughly 8 times that 
of renewable energy. 

§ Costs of avoiding carbon: While both energy 
efficiency and renewable energy 
investments reduce carbon emissions while 
also reducing costs, energy efficiency is 
roughly 2.3 times more cost-effective per 
unit of carbon avoided.  

Other information 

Public awareness of climate was assessed 
through a survey. Findings showed that 88% 

of the study sample believed that the climate 
had actually changed and 85% considered the 
climate change phenomenon to be severe 
and deserved to be addressed. Most believed 
that climate change is due to human causes 
due to the increased concentration of 
greenhouse gases in the atmosphere.  

Other major findings include the need to 
make better use of social media to build 
awareness, as well as print and televised 
media, including the use of slogans. Based on 
these findings, a climate change awareness 
plan was developed that specified activities, 
target groups, input requirements, and 
institutional roles. 

The degree to which climate change is part of 
early grade education was evaluated through 
a series of studies. The core finding is that 
climate change concepts have thus far not 
been largely incorporated into science and 
social science curricula at the elementary 
school level. To remedy this situation, several 
recommendations have been proposed 
focusing on curriculum reform, teacher 
awareness raising, and introducing climate-
based activities as teaching aides. 

Technology transfer issues were evaluated 
relative to key barriers and needs. To 
promote strategic technology transfer, 
advancement on the following measures will 
be necessary: 

§ Provision of an enabling environment for 
technology transfer in renewable energy 
technologies in light of the findings of a 
previously conducted technology needs 
assessment; 

Table ES–2: Costs and benefits associated with energy  
efficiency and renewable energy generation targets 

Scenario 

CO2e reductions 
(million tonnes) Costs 

(million PV 
2015 US$) 

Cost of Saved 
Carbon (2015 

US$/tCO2e 
saved) 

In 
2025 

In 
2030 

2015-
2030 

Energy 
efficiency 1.2 1.2 12.8 -926 -72 

Renewable 
energy 

0.3 0.7 3.9 -123 -32 

Combined 
efficiency & 
renewable 

1.5 1.9 16.7 -1,050 -63 
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 ● Technologies in light of  the findings of  a previously 
conducted  technology  needs  assessment;

 ● Enforcing intellectual property rights to provide 
confidence to prospective private sector investors;

 ● Improving knowledge management processes and 
platforms for knowledge sharing;

 ● Enhancing funding for research and development 
(R&D) in green technology and climate 
technologies for small- and medium-sized 
enterprises;

 

 ● Developing technology transfer policies and 
integrating them within technology actions plans; 
and 

 ● Enhancing human capacity to support science-
policy dialogues, build public awareness, and 
manage technology information.
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