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EXECUTIVE SUMMARY

ThisT YR2 GWUqWHYAIG!I YGRt Ut Wq6 JWuRUNT YGWYNW7¢6I
Reportto the United Nations Framework Convention on Climate Changét provides an

Y21l 2RUs WYnWaqéJWu RUNT VY Oprdsditd)a dptRilgdlinvéntbrA & | Ha Ot g
national greenhouse gas emissions,assesses progress made towards 7 ¢ 6 1 ¢ RUK t LU
Nationally Determined Contribution, and spotlights key actions taken to enhance

7¢61 ¢cRUKYt WI Wt RGRIUFAIIW qThidughittist stiboniddions Bahtain 1J W R & G«
demonstrates its commitment towards the transparency arrangements under the
Convention and its Paris Agreement.

National Circumstances

The Kingdom of Bahrain is a small lovying island state in the Arabian Gulf, characterized
by an arid climate. With a total land area of approximately80 kn¥, and a population of
about 1.5 millionin 2022, Bahrain is one of the most densely populated countries in the
world. Most of the population live in urban areas centered around theCapital
Governorate

The oil and gas sector has played aentral | YOG IJWRUW7¢ 61 ¢ RUKY WWIHYUY
development. Since the 1970s, Bahrain has diversified into other sectors, however, the

oil and gas sector remainspivotal q Y W7 ¢ 61 ¢ RUkt+ WHRYUYG! AwWwarYUql R
public revenue. To this end, Bahrainfaces unique national circumstances as it is

susceptible not only tothe adverse impacts of climate change but also to the potential

impacts of response measures.

Greenhouse Gas (GHG) Inventory

The timeseries in this submitted GHG inventory encompasseshe years 2017to 2022.

As illustrated in Figurel,7¢ 6 1 ¢ RUkt WUOec qRYU¢ G W] c] Wikdortt + RY U
15% during this period, primarily due to industrial and economic growth as well as

population increase.

Total emissions in Gg CO,e Breakdown by sector in 2022
+15%
39,217 38,787 Waste, 3.3% /
38,010 38,038
IPPU,
16.7%
34,437
33,656

Energy,
79.9%

2017 2018 2019 2020 2021 2022

Figurel: Bahrain'stotal annual GHGemissions (2017-2022) and lreakdown by sector in 2022
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Furthermore, 7 ¢ 6 | ¢ARQG éntisdions totaled 38,787 Gigagram CO; equivalent (Gg

COse) in 2022, of which about 80% is attributable to the Energy Sector. Other key

contributing sectors include Industrial Processesand Product Use (PPU and Waste,

which account for about 16.7% and 3.3% of national GHG emissions respectively. The

Agriculture, Forestry, and Other Land UseAFOLU sector remains insignificant with

minimal contribution to national emissions. Overall, Bahrain contributes less than

0.07% to the global GHG emission§1 s 6 RHG Ws 1J1 DWWt qRG¢ qlJT We qWPT
2022, according to the UNEP Emissions Gap Report 2023

Progress Made in Implementing the NDC

Bahrain submitted an updated Nationally Determined Contribution (NDC) in 2021.
Bahraink tNDC centers on adaptation actions and economic diversification with
mitigation co-benefits. These actions have included plans and actions to expand
renewable energy installations, improve energy efficiency, and increase mangrove and
afforestation coverage.Specific indicators have been selected to trackprogress on each
of these activities.

Information Related to Adaptation

As a small lowlying island, Bahrain is vulnerable to climate change impacts. Such
impacts include rising temperatures, sealevel rise, and water scarcity Bahrain has
taken a proactive approachto adaptation. Key actions include the formulation of a
National Adaptation Investment Plarnthat details a series of resilience projects and their
potential funding avenues;a comprehensive model and action plan that ensures the
uRUDNT Y O kdrnill dbastal Nresilience; and targeted actions to improve water
resources managementin the face offuture uncertainties.

Concluding Remarks

Bahrain remains committed to climate action at the local and international levels, noting
the importance of working towards achieving the goals of the Paris Agreement, in the
context of sustainable development and wider efforts to eradicate poverty.Bahrain
underscoresthe critical role of multilateralism in climate mitigation and adaptation, and
emphasize the role of equity, and theprinciple of common but differentiated
responsibilities and respective capabilities, in the light of different national
circumstances, as a cornerstone to the global climate regimeBahrain will continue to
play its partin addressing thiscritical global challenge.

Manama, fh,e.capital of the d m of Bahrain
Photeby BE T3 wemilhg | bl
bl it R

R § =
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1. CHAPTER 1: National Circumstances and Institutional
Arrangements

1.1  Government Structure

The Kingdom of Bahrain is dereditary constitutional monarchy with a democratic
system of government which rests on a separation of legislative, executive and judicial
powers. The Constitution is the highest form of lawand outlines the separation and
cooperation between these independent powers.

Executive authority is vested in the King as well as tl@&abinet, whichis composed of the
Prime Minister andseveral ministers. His Majesty the King is the Head of State, the
supreme representative of the Kingdomand the Supreme Commander of thdefense
Forces. Moreover, the King appoints the Prime Minister and Cabinet.

Legislative authority is vested in the King, and the National Assembly. The National
Assembly comprises two chambers: the Shura Council and the Council of the
Representatives each of whichconsists of 40 members.Members of the Shura Council
are appointed by the King, whereas the Council of Representatives are eted. The first
elections were held in 2002.

Judiciall 2 G RUNDt We | DWRY t 2 1JudieR avedppaintadiby Bhé) King thidligie G 1J FOLL
Royal Orders, as proposed by the Higher Judicial Counaihd courts operate under a civil

law system comprising several types of courts:Civil Courts, which adjudicate all
commercial and civil cases, Shara Courts, which adjudicate all issues related to the

personal status of Muslims and Criminal Courts, which adjudicate all criminal cases

Moreover, there are courts that exist outside of this standard structure. The
Constitutional Court, for example, ensures that no enacted laws contradict the
Constitution.

Established in 1996 by the thenDecree-Law 21 on the Environment,the Supreme

Council for Environment (SCE) serves as the government entity responsible for

Gl YagUHqRUNDWaq6WWWIU2R!I YOG WUgqaWae RUgqe RURUNWUEC q
environmental strategies and sustainable development. The SCE is also responsilfla
coordinating and following up on the implementation of such strategies with relevant
ministries, agencies, and institutions. The Climate Change and Sustainable
Development Directorate (GCSD) is the technical body responsible for climate change

related matters within the SCE

In 2020, His Majesty the King issued a Decree appointing a Special Envoy for Climate
Affairs with ministerial rank, signaling7 ¢ 6 | cd&digationltd this domain. Thisrole is
now embedded in theE 9 E grdariltational structure.
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1.2 Legal Framework

NEWWOYUGORaqaqUUWWnY!I WEU2RI YUGWUqecaWAI YqUHqRYUWs
committee dedicated to environmental affairs. Established by Decree No. 7 in 1980, the
Committee reflects the early interest of political leadership in environmental prtection

and environmental affairs. The Kingdom's rapid economic growth concurrently
highlighted the importance of robust environmental management, and the sustainable

use of natural resources as guarantees of sustainable economic development, elevated

standards of living and enhanced quality of life.

The highest form of law in the Kingdom, the Constitution, encompasses provisions that
safeguard the environment, while simultaneously balancing the need for sustainable
development and the protection of the environment's natural resources. This
commitment is articulated in several articles and is most prominently captured by Article
Obi6 b WeUT W | qRAGUWNNKOWLW | qRFhé Sthlepshdl saketttBIJH RN R+
necessary measures for the protection of the environment and the conservation of
wildlife AW ¢ UT W | qRAGIUWNNLWE GGl YGI RecqUlt WecaawUeqe
commits, again, to their proper use and conversation, while also ensuring alignment with

national security and economic development. This national commitment towards
environmental protection and the responsible use of natural resources is reaffirmed in

the National Action Charter, a national documentput forth by His Majesty King Hamad

bin Isa Al Khalifa in 2000 and approved by 98% of Bahrainis.

More recently,Law No. 7 of 2022 on the Environment, which repeals Decrdeaw No. 21
of 1996, has been enacted to strengthen environmental protection effortsThis Law aims
to safeguard the environment and its resources from a broad range of activities that
contribute to pollution and degradation. Specifically, it addresses issues including (but
not limited to) the marine and terrestrial environment, biodivergy, air quality,
environmental disasters, waste management, pollution and radiation.

Notably, Law No. 7 designates the Supreme Council for Environment (SCE) as the
national authority responsible for protecting the environment and pursuing sustainable
development in the Kingdom. In this role, the SCE is authorized to request data or
information from any entity engaged in activities that may lead to environmental
pollution or degradation, as stipulated in Article 4(5). Furthermore, Article 34 specifically
provides the SCE with the mandate of overseeing emissions released into the air and the
right to monitor such emissions and make any requisite information requests.
Correspondingly, undertakings are obligated to comply withE 9 E kebjuests. This
ultimately provides the SCE with a legal basis for the data collection necessary for
compiling the national greenhouse gas inventory.
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At the international level, Bahrain is party to several international conventions and
agreements, including the United Nations Framework Convention on Climate Change
(UNFCCC) and its Kyoto Protocol and Paris Agreement.

1.3 Institutional Arrangements

1.3.1 Institutional Arrangements for the Preparation of the BTR

At the national level, the SCE is the designated nationaéntity responsible for

HYY!I T RUCqRUNWqS I WuRUNT Ytd the WNFOGE Yirnclading GHIGI 1Jhue R |
emissions measurement, reporting and verification, and tracking progress in
implementing and achieving the Ntionally Determined Contributions (NDCs).

Within the SCE, the Climate Change and Sustainable Development Directorate (CCSD)

is the technical body responsible for climate changerelated matters. The CCSD works
YUOUWAYqéWRIRGcqUWIRaqRNeqRYUWe UT WelT ¢Gaqée qRYULWEe C
In this role, theCCSDhas collected GHG data and progress updates relevant to its NDC

tracking directly from data providers. To track NDC progress, CCSD requested this
information directly from implementing entities and relevant partners. Other information

s5¢ct WYAqec RUDT WRUqUWI Ucad! AWlct WRaWnc¢ it Ws Rad R
providers for the national inventory are further elaborated inSection 1.3.2. The

RUnYl GecqRYUWRYOGGUHRqUT Wn! YOGWI ¢qc¢c WGl Y2RT It Ws ¢
Transparency Report (BTR).

The Biennial Transparency Report was then presented to His Excellency the Special
Envoy for Climate Affairs fohis review and feedback.

Following its final consolidationd Wl 7 ¢ 61 ¢ RUkKt W[ RI + qW7RIUURe O WN
presented to the National Taskforce for Information and Population faeview. The Task

Force is chaired by His Excellency the Minister of Cabinet of Affairs and includes

| DG 3t WUqgqcecqR21It Wn!l YOGW=ZPWUOcqRYUcOGWIUqRaqRIJt ALWR
Force's main objective is to monitor national indicators and informatiorthat reflect the

uRUNDT YOkt Wt qcqget WeUT WGWI nYIl G¢ URWRULLKRG YHCE G W
reported information. The diverse membership of the Task Force ensures a
comprehensive review

Subsequent to thisprocess, the report was presented tathe Cabinet forfinal approval.

The Cabinet is a key executive authority in Bahrain and comprises His Royal Highness the

Crown Prince and Minister His Excellency the Deputy Prime Minister¢ UT LWaq 6 JWu RUNT Y
23 ministers.

Theseinstitutional arrangements are summarized inFigure?2.
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The Cabinet
and
The National Taskforce for
Information and Population

Review and approval

Special Envoy for Climate Affairs

Review and feedback

Data Supreme Council for Environment
providers

Data collection, QC, coordination,
Data provision computing, reporting, and submission

Figure2: Overview of Bahrain's Institutional Arrangements for its first BTR

1.3.2 National Inventory Arrangements

The CCSD within the SCE is the national focal point with overall responsibility for the
national greenhouse gas inventory. In this role, the CCSD collects, reviews, compiles,
and coordinates with various public and private data providers for all sectorsUpon
receiving the requested information, the CCSD theoonducted follow-ups conducted to
ensure completeness of submissions and taesolve any inconsistencies.

To ensure alignment with IPCC principles of transparency, accuracy, consistency,
comparability, and completeness (TACCC), the CCSD performed various Qual®ontrol
(QC) procedures to ensure data accuracy and reliability during the compilation of the
inventory.

These QC procedures included technical reviews of categories, activity data, emission
factors, and estimation parameters, as well as identifying and addressing reporting
errors and deficiencies, crosschecking data sources, comparing supply and demand

balances, and analyzing time series. Other accuracy checks consisted of systematic
assessments of the calculation spreadsheets, and the calculated emissions data and its
pre-processing. Where emissions calculations have been performed using the IPCC
software, the input data (activity data and emissions factors) were compared with the
output data (emissions) to observe their alignment with theational context. Data was

further verified by comparing internal calculations to those conducted by data providers
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throughout the inventory compilation process and following the completion of the
inventory.

These processes aimed to ensure that the inventory represents the best possible

Jt qRAGC qIt WYnWIAGRY+ RYUt We U1 W YavY2¢at WNR2IU0UW7 ¢

[2l q6 1 GY!I DAWaq6 Wl Yaut we 0T Wi 3t GYUt RHRGRqRIJY
national inventory submitted as part of the BTR arsummarized inTable 1. Theentities

include public and private sector actors responsible for collecting data relevant to the

national GHG inventory and providing this data to the CCSD.

Tablel: Overview of roles and responsibilities related to the national inventory

Role Description Organization
National inventory Leading on overall management and
: 2 - 1 SCE
coordinator coordination, compilation, etc.

Conducting quality control checks at all

Yo leets stages of the process T SCE
Institutions providing dataT installations,
ministries, agencies, private sector, etc 1 Private sector entities
Energy sector data E 'I\EAI_ezt?trt'|C|tyf8(L) \_/|Vater Authority
providers Inis ryp !
1 Information & eGovernment
Authority
i1 Private sector entities
IPPU sector data i1 Information & eGovernment
providers Authority

1 SCE

1 Municipalities
1 Ministry of Municipalities
Affairs and Agriculture

Waste sector data f  Ministry of Works

providers 1 SCE
1 Information & eGovernment
Authority
1 Information & eGovernment
AFOLU sector data Authority
providers 1 Ministry of Municipalities

Affairs and Agriculture

12
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Moreover, the Kingdom of Bahrain is actively engaged in enhancing its Monitoring,
Reporting, andVerification (MRV) processes, in line with the new biennial reporting
requirements under the Enhanced Transparency Framework (ETF). As an initial step
towards this process, the SCE commissioned international consultants to conduct a
comprehensive Gaps and Needs Analysis of existing MRV processes. This analysis was
completed in 2023, and the SCE is now working towards fulfilling these
recommendations, which include:

1 Developing standard data collection templates that define what is needed and
when by key data providers

1 Establishing a formal and defined National Inventory System (NIS) with
guidelines that describe the process of preparing the GHG inventory and a manual
describing the procedural issues in preparing the GHG inventory (including the
data needs, methods to be used, rules of procedures, confidentiality, etc..).

1 Developing quality assurance and quality control handbooks

In January 2024, the SCEcompleted its review of its compilation processes and

formulated standard data collection templates for all sectors covered by the current

BTR These templates vwere used to collect the required activity dataand emission

factors (when available)from the relevant data providers.The development of quality

assurance and quality control handbooks, aswell as a comprehensive manual that

Tt #1 RAUY W6 JWGI YRt WY nWHYGGRORUNW7¢d61 ¢ RUK
processes aim toreplace and overcome the challenges posed byhe previous adhoc
project-based system of work.

1.4 Geography and Demographics

The Kinglom of Bahrain islocated in the ArabianGulf, between latitudes 25*32'N and

26°20'N and longitudes 50°20'E and 5050'E, near the east coast of the Kingdom of Saudi

Arabia. It is an archipelago ofapproximately 33 natural and 51 artificiaislands, shoals,

and small islets that vary considerably in size and structureBahrain Island constitutes
qé6WGe! Nt quwWacUT Wactt As ROEWq6 I JWuRUNT YOkt WF
northeastern tip. With a total land area of approximately780 kn¥?, Bahrain is amongthe

smallest countries in the world.

The topography of Bahrain consists primarily of flat, gently rolling land with low relief, and
the highest point is Jabal Al Dukhan, which rises to 135 meters above sea level. Bahrain
has a total coastline of approximately 946 km. Both its coastline and tal area have
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changed significantly over the last 35 years as a result of land reclamation projects.

These land reclamation projects continue to the present day.

7¢61 ¢cRUKY Wl 1 3t ql RedwWaeUTt AcGUWRY WGI RAGEI RO!
narrow fertile strip that is found along the northern and northwestern coastlinesThis
desertsupports a diverse rangeof insects, reptiles, birds and wild mammals.The marine
environment features various habitats including mangrove swamps, mudflats, coral

reefs, sea grass beds, freshwater springs, lagoons and offshore islandslt is
characterized by high rates of evaporation during most of the year and a shortage of
freshwater input.

Bahrain has a total of eight protected areas. This includes two terrestrial protected areas

T Wadi Al Buhair and Al Areen Wildlife Park and Reservand six marine protected areas:

Arad Bay, Hawar Islands, Mashtan Island, Northern Hayrat, Najwat Bulthamah and Tubli
Bay.Notably, m¢ | RUWWG!I YqUWHqUT Wel Det WEY21J W==ZIONZELWYn

A map of Bahrain is presented ifrigure3.
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Arabian Gulf

BAHRAIN

&  National capital
o  City, urban area
------- - International boundary
Highway
Main road
Road
4 Airport

Figure3: Map of Bahrain(Nations Online, 2024)
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§2101 WaqdlWGet quWT WHEET 3AW7c¢cd61 ¢ RUK ' L2GR6Y fraind W GY Ge
approximately 1.2 million in 2012 to 1.5 million in 2022, asillustrated in Figure4. In 2022,
around 54% of the population consisted of expatriates who came to the country to
pursue employment opportunities. This is reflected in the labor force, wheraround 70%
are non-citizens, with about 72% of this group being male. Women account for

approximately 38% of the totalpopulation, a low figuremainly dueto the highnumber of
male migrants.

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

Population (Million)
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Figure4: Population growth in Bahrain 19742022

Themajority of the populationis centered in the capital, Manama, and other major urban
centers, such as Muharraq, Riffa and Hamad TownThis urbanizationis reflected in a
population density of about 1,979 people per km?, positioning Bahrainas one of the most
densely populated countries in the world.

1.5 Climate

Bahrain is an arid country with mild, pleasant winters, antéiot, humid summers. 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 Februams
illustrated in Figure 5, rainfall in Bahrain is limited, erratic, and occurs in brief,
concentrated periods, with an average annualkotal of approximately 64 millimeters over
the past decade, distributed across an average of merelyen days per year
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Figure5: Average annual rainfall in Bahrai2005-2022)
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From 1940 to 2021, the mean annual temperature in Bahrain has shown a notable
increase, as illustrated in Figure 6. Concerningly, this trend indicates that the mean
annual temperature in Bahrain has increased by around ZC over the past 80 years,
underscoring the rapid warming experienced in the country anth the region.

Annual mean temperature =~ ----- Linear (Annual mean temperature)
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Figure6: Mean annual temperature in Bahrain (194Q021)

In 2022, Bahrain experienced an annual average temperature of 282and an average
annual relative humidity of about 56%. Total annual precipitation was measured at 59.8
millimeters. Notably, December 2022 is ranked as the third warmest December ever
experienced in Bahrain since the start of record (i.e. in 1902). Similgr July 2022 was the
second hottest July ever recorded in the country.

1.6 Economy

Bahrain boasts a relatively open economy andhas ranked first in MENA for financial

freedom, investment freedom, and trade freedom, as well as economic freedorn the

cll RaenNUW[ YaUT ¢qRYUKt W {0 2022 LH¥toridally SV 0 ¥ & R& R & 1.
economy predominantly relied on pearl-diving. However, beginning in the 1930s,the

Kingdom transitioned into an oildependent economyfOLL E R U # 1J LU,aBé&hhaib Na® T MK |
further diversified into other sectors, including petroleum processing and refining,

finance, and manufacturing T particularly aluminum and iron and steel.Notably, in 2001,

the Bahraini currency was officially pegged to the US dollar.
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Figure7: GDP growth in Bahrain 1972022
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to USD 4.5 billion®) as illustrated in Figure7. Moreover, Figure8 shows the breakdown
Ynw7ce¢él ¢cRUKYT W) 2AWNY!I Wad W el +t W=MN=ZWeUT W=M= =

The largest share of GDP, about 21%, comes from the manufacturing sectawhich

primarily reflects the production and export of aluminum and downstream products,

such as metal cables. This is followed by the mining and quarrying sectpat 18%, of

which oil and gas operations account for most of the contribution, about 94%n contrast

to the mining and quarrying secto which has experienced declining shares6% of GDP,

the manufacturing sector has been expanding,surpassing mining and quarryingto

become the largest contributor to GDP since 2015Nonetheless, the oil and gas

subsector remainspivotalto7 ¢ 6 | ¢ RUKkt WWHYUYG! AWe #HY2 UqRUN WM
revenue.

At about 15%, financial services account for the third largest sector, reflecting the

t RDURNRAcUqWHRYUq!l RAcqRYUWqécecqWft dcaRAWLNRUC
emerged as a new financial services hub in the 1990s and has maintained a strong

presence in Islamic finance ever since

Others m 2022
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Figure8: Bahrain GDP by type of economiactivity

(1) The exchange rate used in this report is 1 Bahraini Dinar (BHD) = 2.659 US Dollars (USD), as per the Central Bank of B&lutainer 2024).
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1.7 Key Sectors Contributing to National GHG Emissions

This sectionprovides a brief overview of the key sectors contributing tmational GHG
emissions. More detailed information on each sector is providedn Section 2.2 of the
National Inventory Document.

 Energy:7¢ 61 ¢RUKY WU N! Wt WEqY! AUuploduiianJis LUGI R
crucial to its economy. Key oil sources include the Bahrain Field and a 50% share
in the offshore Abu Safah fieldshared with Saudi Arabia Natural gasthat is
essential for electricity generation and industrial useis produced from Bahrain
field. Bahrain aims to diversify its energy mpwith a particular focus on solar
energy. Efforts also include enhancing energy efficiency and exploring
technologies like carbon capture, hydrogen energy, and electric vehicles.

f Industry:7¢ 61 ¢ RUkt Wf UT et ql ReaOWAI YHIIE + 13t we U7 WAl
emissions from cement, glass, ammonia, methanol, iron& steel, and aluminum
production, as well as refrigeration and air conditioningOther minor industrial
sectors also produce trace amounts of GHG emission.

1 Waste: Waste management in Bahrain historically relied on landfilling, a major
source of methane emissions. In recent years, the country has implemented
strategies to improve waste management through recycling, composting, and
waste incineration. These efforts aim to enhance sustainability and manage
limited landfill capacity. Most wastewater is treated and discharged to the sea,
with a small portion being reused.

9 Agriculture: Agricultural activities are very limited in Bahrain with around 3% of
the total land classified as agricultural. The contribution of the sector toGHG
emissions remains at vey low levels.

1.8 Impacts of the Implementation of Response Measures

Climate response measures, whether implemented unilaterally, bilaterally, or
multilaterally, can have unintended consequences that extend beyond national borders

As with climate change impacts, the impacts of climate response measures vary in their

nature and their distribution andmayG Y+ IJWY Ht aq¢ AT 1t Wa VY UpfodiessI G Y GR U |
towards achieving various Qustainable Development Goals (SDGSs)

The UNFCCC acknowledges this dual challengeParties have recognized the need to
reduce anthropogenic greenhouse gas emissionsind the importance of ensuring that
response measures do not exacerbate challenges faced bgeveloping countries. Such
considerations are embedded throughout the UNFCCC and its legal instruments.
Articles 4(8) and4(10) of the Convention specifically recognizehe circumstances of

19
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developing countries with economies that are vulnerable to the adverse effects of the
implementation of response measures This includes the needs and concerns of
developing countries whosereconomies are highly dependent on income generated
from the production, processing and export, and/or consumption of fossil fuels and
associated energyR U q 13Ut R 2 1J.UAGHdleY4(Le) Hdgitiomally acknowledges the
circumstances of Parties facing sserious difficulties in switching to alternatives[to fossil
n 2 1IJ 0 The Bdfls Agreementtself, under Article 4(15), requires Parties to take into
consideration the concerns of Parties with economies most affected by the impact of
response measures. Thifocus on national circumstances is further reinforced through
q6 W NIl 1xsdifferéhtpked approach to obligations and itsemphasis on equity,
sustainable development, and poverty eradication.

This approachof proactively assessing and addressing the potential impact of response
measures avoids risking progress toward other SDG#n this context, the objectives of
the Paris Agreement and the SDGs are inextricably linke8dljust and orderlytransition to
alow-carbon future depends on a strong foundation ofrobust sustainable development
that addresses all aspects of society, the economy, and the environment. In many
instances, it is progress towards thisfoundation that allows developing countries to
accelerate climate action.

As detailed in Section 1.6, 7 ¢ 6 | crélidhket ol oil and gas revenuesand limited

alternative energy capacity arekey characteristics of its national circumstances. These

resource dependence and energy transition challenges cause the Kingdom to be
vulnerable to impacts of global climate change response measureslhe impact of global

climate change responsemeasures may also result insocioeconomic losses, which

HYedl WHYUL ql ¢cRUW7¢ 61 ¢RUKY WEHROR! WY WRGGH G
Bahrainviews economic diversificationas a key means to limiing the adverseimpact of

response measures Economic diversification also contributes to the wider objective of

sustainable development and spurs a shift away from resource dependence.

While national efforts toreduce dependence onthe oil and gas subsector date as early
as the 1970s,the following section summarizes on ley policies, actions, and initiatives
| 1Jd ¢ q R U N WmoYelkstentetotoRio diviertification efforts.

Economic Vision 2030

In concert with other Gulf Cooperation Council (GCC) countries, Bahrain has been active
in exploring economic diversification strategies to wean the economy away from oil
dependency. In recognition of theneed for economic reform, the government launched
the Economic Vision 2030in 2008, with a goal of a diversified and dynamic economy,
including diversified energy sources.

The visionis shaped bythree guiding principles: sustainability, competitiveness, and
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fairness. These principles were then translated into three sets of aspirations,
BURYOGGet t RUDW7¢61 ¢RUKY WIRY:OYGAG! AWNY2131 UG WIUqlWe

1 Economy: Diversifying the economy by focusing on existing higpotential
sectors and stimulating growth by enhancing skills and productivityrather than
rising oil production and oil prices)

1 Government: Improving accountability and transparency, and the quality of
government services, policies, and infrastructure as well as reducing
dependence on oil revenues; and

1 Society: Providing Bahrainiswith high quality education and healthcare, ensuring
a secure and safe environment, and providinga high standard of social
assistance.

The vision views the establishment of a dynamic and thriving private sector askay
enabler of economic transformation. Notably, it is also distinct from previous
diversification efforts across the GCC due to its comprehensive and strategic nature, as
it was conceived based on the assumption that its implementation would require high
levels of coordination between relevant governmental organations.

b lWew Wt edqWYnwé Rt RYUW=MOMAWT7c¢6!1 ¢RUKtT WIRYUYG
the millennium. Foreign Direct Investment (FDI) has now become an important source of
jobs and growth; private enterprises receive targeted support, as do citizenssking to
gain professional qualifications that contribute to modern human capital. The TRA has
effectively liberalized the telecommunications sector, leading to Information and
Communication Technologies (ICT) infrastructurethat is comparable to that found in
Organization for Economic Ceoperation and Development (OECD) economies.
Moreover, the number of Bahrainis working in the private sector has risen considerably
while many government services have become electronic, leading to vast improvements
in quality and delivery time

The Fiscal Balance Program

Recognizing fiscal sustainabilityis fundamental to attracting local and inward foreign
investment, the Kingdom of Bahrain launckd a fiscal balancing program in 2018. The
Fiscal Balance Programaims to achieve fiscal balance bystrategically restructuring the
government budget to capitalize on economic growt and support sustainable
development.

The initiatives of the program encompass numerous expenditure realization and revenue
enhancement measures, including:

1 Introducing a voluntary retirement scheme for government employees: A
voluntary retirement schemewas offered to civil servants, providing them with the
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entrepreneurship or participation in the private sector

f 7¢cicURRUNDWqE DWEGUH! RARq! We UT Wi ¢cqlll W 2qd6"
Gradual adjustments to electricity and water tariffs while preserving benefits for
Bahrainis in their primary households, with the aim of enhancing efficiency and
I JT e#RONDW GUUT RUNWagYWAHec G cUHVDWqSWW 2qd6Y!l Raq

1 Reducing recurrent non -manpower expenditure : Furthering spending cuts of
government recurrent expenditure to maximizespending efficiency;

1 Reducing project spend : Reviewing and prioritizing project spending, while
avoiding impact on major projects;

1 Reducing manpower expenditure : Restructuring government entities to
streamline resources and increase manpower efficiency;

i Streamlining the distribution of cash subsidies to citizens : Consolidating cash
subsidies through one central government financial subsidies systerfor eligible
citizens;

f Increasing government-Ys UT W UqRqRIJt k We Urdreasifglthieg Y U q | RF
annual contributions paid by governmentowned entities and introducing
contributions from other entities;

1 Adjusting commodities prices and prices of services provided to companies
Establishing a mechanism to review and adjust commodity prices and the prices
of services on a periodic basis to ensure alignment witmarket prices;

1 Introducing new government services revenue initiatives : Establishing a new
Revenue Development Taskforce to introduce new fees of services currently
provided and to introduce new services; and

i Introducing and increasing Value Added Tax: Applying VAT to noressential
goods and services.

To support the implementation of these initiatives, the government established a
governance framework to ensure that the Fiscal Balance Program is response to local
and global economic developments. This has allowed thd-iscal Balance Program to
succeed despite delays brought about byinterruptions caused by global external
shocks, including lower oil prices and theCOVID-19 pandemic.

Private Sector Growth

The Kingdom of Bahrain has been working to spur private sector growth, enhance
competitiveness, and diversify income sources in line with sustainable development.
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Between 2001 and 2007, several new governmental organizations were founded in line
with these goals, includingthe following key units:

1 The Economic Development Board (EDB)an investment promotion agency
tasked with attracting foreign direct investment (FDI)and consolidating the
process of investing in Bahrain

i Tamkeen:national labor fund tasked with transforming the private sector into the
main source of economic growth;

1 Telecommunications Regulatory Authority (TRARN independent body tasked
with ensuring a high quality of information and communications infrastructure;

1 Labor Market Regulatory Authority (LMRAR government body tasked with
managing the large pool of migrant workers in a manner that ensures the growth
of job opportunities for Bahraini citizens; and

1 Information and eGovernment Authority (iGA)a government body tasked with
digitizing government services.

As affirmed in Economic Vision 2030, Bahrain recognizes the pivotal role of SMEs in a
diverse and flourishing economy. Accordingly, the government haalso adopted a suite

of policies and initiatives that foster the growth of stardups and SMEs andmaximize their
contributions to the economy.

A key development in recent years has been the establishment of tIBMEs Development
Board (SDB) in 2017The SDB is tasked with coordinating efforts to strengthen the
capacity of startups and SMEs across the Kingdom. This has spurred a variety of
initiatives by government and senygovernment actors that aim to enhance the
competitiveness of start-ups and SMEs ora domestic, regional, and global level. This
support ranges from funding, expert advice, administrative streamlining, and training
opportunities.

For example, Bahrain Development Bankestablished as a specialized bankprovides
efficient and accessible lending products, funding, and advisory services for statips
and SMEs; Tamkeen, the national labor fund, provides various enterprise support
programs, vocational upskilling, and preseed funding; and Hope Fundinvests
specifically in youth talent, projects, and initiatives. To enhance the export of Bahraini
products and servicesspecifically, Export Bahrain was established in 2018 as the first
national entity specialized in supporting and developing exports, enabling Bahraini
businesses to expand into international markets.

Moreover, the Ministry of Industry and Commerce (MolC) has consistently demonstrated
strong support for SMEs, offering a digital registration system that enables SMEs to apply
for a classification certificate that allows them to benefit from a range of deMopment
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programs. These benefits include al0% preference in the biddings for government
tenders and for auctions of public utilities that are held within the establishmens of

government departments qualifications to participate in SMEspecific tenders; advisory
and administrative support; and discount rates.

Wt 3! wyUe HO W1 WyY™n W6 W~Yf 9kt Wt erdHEI1Jtt WG CH WA

market trends and fostering greater economic inclusion. A prime example is the launch

of Sijili, in 2017, an online platform that allows citizens to legally operate a busess

within 39 designated commercial activities without the need to register a physical office

address. This initiative responded to the rise of homdased and oneperson based
businesses run through social media platforms, such as Instagram. By simplifyin

business registration, Sijili empowers aspiring Bahraini entrepreneurs and small,
individual projects to enter market.

In addition to these efforts,regulators have alsoestablished innovative and accessible

avenuesfor SMEs toraise capital. In 2016, the Central Bank of Bahraimauthorized the

creation of a new equity markethat allows privately held SMEs toissue shares undera

more flexible regulatory framework, independent from thetraditional stock exchange.In

2017, the Bahrain Investment Marke{BIM) was launched as a market operated by

Bahrain Bourse.This new market offers a less stringent regulatory environment, with

more lenient disclosure and admission requirements. By facilitating easier access to

capital, BIMaimstoldJ U6 ¢ URIJWE~EWRYUq! RA2 qRYUt WqYW7¢d61 ¢R
growth companies from across the region.

Today, Bahrain boasts a thriving entrepreneurial environment. More than 25 starp
incubators and accelerators operate in the country, providing comprehensive support
services such asaccess to joint workspaces, mentorship, marketing support, business
planning assistance, financial, and public relationsresources for an incubation period.

To further nurture diverse entrepreneurial talent, some incubators specialize in specific

sectors such as finance, medicine, and technology. Others responded to the unique

BUql WGl BO0Wel ReaWUOWUT + WYnWI Rnnidl WOqWt YRRC O W I
challenges to accessing finance, the Supreme Council for Women helped establish

Riyadat in 2013, a business incubator for Bahraini female entrepreneurs. In addition to

these incubators, StartUp Bahrain serves as a valuable platform that unites local star

ups, providing networking opportunities, mentorship and access to investment.

Collectively, these initiatives have created a robusecosystem for startups and SMEs.
In 2022, micro, small and medium enterprises made up 93.3% of all commercial
registrations, with 81% of those owned by Bahrainis
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The National Energy Strategy (NES)

In 2022,the governmentbegan developing a strategy that outlines a clear path for the

uRUNT YOkt WWIUWI N! Wnegqgel JDOWNSGWWI J2130YGUIT Wt ql ¢
Strategy (NES)serves as a cornerstone for economic resilience and prosperitygiming

to optimize energy demand and supply and provide a diversified, affordable, and lew

carbon energy future. To achieve thigoal, the NES outlines a series of energy efficiency

alct el It WeHI Yt WRat Wt eGGo! WHEec RUOWe UT W ql R2 131
investing in renewable @ergy sources across different sectorsDecarbonization efforts,

including operational improvements, fuel switching circularity, and carbon capture and
storage,willc Gt YWAYUq! RA2 qUWqY W6 JWu RUNT Yakt WIU2RI

As part of a cabinet reshuffle,a unified Minister of Oil and Environmeh portfolio was
established in 2022, to further facilitation of the energy transition andensure a
coordinated approach.

The NES was endorsed byhe Higher Committee of Energy and Natural Resources
2023. Chaired by His Royal Highness the Crown Prince and Prime Ministénis Higher
Committee now supervises the NES and receives reports from the Minister of Oil and
Environment

1.9 Impact of National Circumstances on GHG Emissions Over Time

Bahrainks unigue national circumstances play a significant role in shaping the trajectory
YnWRat WNI JWJUSEYet JWNEt Wol] c] b WWGRE RYUY wWe OT W
climate, industrial expansion, population growth, and economic development have

direct implications on its GHG inventory over time.

High Ambient Temperature

One of the key national circumstances influencing GHG emissions in Bahrain is the
countryks high ambient temperature. Bahrain experiences long, hot summers with
temperatures frequently exceeding 40°C, which significantly affects energy
consumption, especially in sectors such as electricity generation and air conditioning.
The high demand for cooling drivesncreases in electricity consumption during peak
summer months, which, in turn, results in increased GHG emissionsCooling needs for
residential, commercial, and industrial facilities also lead to greater use of energy
intensive technologies as well as high amounts of HFCs refrigerants

Economic and Industrial Expansion

7¢61 ¢RUKY WI YAzt quWUHYUYGRAHWNI Ys qdbWe U7 WRUT 2t ql
emissions. As detailed in theupcoming chapter, the countryis total GHG emissions grew

nl YOWeE GGl YFROGCqUO! WONANMNPLW] NW9 § AVWRUW=MNT Wq
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production, has significantly driven emissions in the Industrial Processes and Product

Use (IPPU) sectorN 6 Rt NI Y35 q6 We 0 Rabdits 0 siRigify its7ecofomy, R Uk + LW
increase industrial output, and reduce reliance on the hydrocarbon sector. Furthermore,

it also illustrates the challenge of balancing economic growth with efforts to reduce GHG

emissions.

Energy Sector Dominance

7¢61 ¢RURt WU N Wt gyl W ¥ac¢RUL Wag6 WG 3T YGRU
for an average of 82.7% of total emissions between 2017 and 2022. The high reliance on

fossil fuels for electricity generation and industrial processes is a central featuref

7¢61 ¢cRUKkY WIJAGRY Y RYUWG!I YNRGUWOWI 6RGIUIWa6 11 IJWE ¢ 2 1
production, as reflected by the 6.2% reduction in emissions from energy industries

between 2017 and 2022overall energy consumption continues to rise due to popaition

and economic growth.

BahrainrecognizesCarbon Capture, Utilization and Storage (CCUS) and Carbon Capture
and Storage (CCShs proven technologiesthat support economic diversification and
enhance energy security These technologies also have the benefit gfreserving existing
infrastructure investments and facilitatingthe decarbonization ofhard-to-abate sectors,
as well as contributing to environmental efforts.

Energy Transition Challenges

Parallel to its reliance on fossil fuels, Bahrain also faceschallenges in transitioning to

alternative forms of energyLimited land area, high urban density, low wind speeds and

an absence of geothermal and hydropower sources pose considerable obstacdgo an

BOWI N! Wal ¢U0t RqRYUWOW dGaqéYenNDsWt Yacl WOl Nt wil L
renewable energy option, limited land availability and competing landise demands

constrain large-scale deployment. Despite these challenges, Bahrain remains

committed to exploring and pursuing viable opportunities fordeveloping alternative

energy sources.

Water Scarcity and High Dependence on Seawater Desalination

Bahrain is a highly watesstressed country from a freshwater resource availability
perspective. Water scarcity in Bahrain playsa key role in increasing GHG emissions due
qYWaqdéWWHY2Uq!l ! k1t didtenkivie Reéaldtdd desaknatiad. Owith Mimited

freshwater resources, desalination is vital but contributes to higher energy consumption,
particularly during peak summer months wten water demand surges. As electricity
generation in Bahrain is predominantly fossil fuebased, the growing need for
desalination has led to increased enmssions from the energy sector. Enhancing the
efficiency of desalination processes and incorporating renewable energy sources like
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solar can help reduce the environmental impact while addressing the countig water
security needs.

Population Growth and Urbanization

7¢61 ¢cRUKt WGY Ge (i ¢ q R Y 2btdbverithepalt detdde@i@ing ikcRaseéda 13 0 ! LW
demand for energy, transportation, and waste management services. Urbanization and
population growth have direct implications on GHG emissions, particularly in sectors

such as transport and waste management. Road transportation remainthe dominant

source of emissions within the transport sector, which grew by 6.2% over the period.
However, the growth in emissions was slower than the growth in population and gross
domestic product (GDP), indicating some progress in managing transportation
emissions.

Similarly, waste sector emissions, driven by population growthhave also increased,
although efforts to enhance waste management practices, such agpromoting higher
recycling rates andlandfill diversion, have been instrumental in containing emissions
growth in this sectorto single-digit growth.

Limited Agricultural Activity

Agriculture in Bahrain is a minor sector, contributing less than 0.1% to total GHG
emissions. Limited agricultural activity in the countryis primarily due toaq 6 13 lWu RUNT Y G K |
arid climate and lack of arable land This situation has resulted in he Agriculture,

Forestry, and Other Land Use (AFOLU) sectdreing an insignificant contributor to

emissions.

Aerial view of. the
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Photo by World\Walkerz




Chapter 2
National Greenhouse Gases

Inventory Report




Bahrain's FirstBTRto the UNFCCC (2024)

2. CHAPTER 2: National Greenhouse Gases Inventory Report

2.1 National Circumstances and Institutional Arrangements

The National Greenhouse Gas (GHG) Inventory of Bahrain has been meticulouslympiled by the Climate Change and Sustainable
Development Directorate (CCSDjeam, which operates under the Supreme Council for Environment (SCE). The preparation of this inventory
follows a structured, sector-based approach to collect data onGHG emissions, while taking into account the interplay between various
sectors to prevent double counting or omissions. This careful coordination ensures the inventorygecuracy and completeness.

To facilitate data collection, customized data collection templates were designed in strict accordance with the2006 IPCC Gidelines for
National Greenhouse Gas Inventorieaind the 2019 Refinement These templates were then distributed to designated data providers across
each sector, ensuring consistency in the information gatheredFollowing data collection, the CCSD team conducted data analysis for
verification and QCof collected data. Verified datawas fed into the IPCC Inventory Softwar¢o compute GHG emissions.

In its ongoing efforts to strengthen the GHG inventory system, Bahrain is committed to institutionalizing and streamliningetprocedures,
roles, and responsibilities related to the preparation of future national inventories. This will support the continuous improvement of the
system, and ensure the timely submission of transparent, accurate, consistent, complete, and coherent data for both domestic use and
international reporting requirements.

Further details onnational circumstances and institutional arrangements are discussed inSection 1.3.

2.2 Overview of the National Inventory Document 2017-2022

The national GHG inventory of Bahrain has been prepared to cover the entire area that makes upKhegydom'snational territory and all the
sectors within it for the period of 20172022 {.e. the current reporting period). Table2 provides an overview of the GHGs and sectors covered
by the National Inventory Document (\NID) of Bahrain.
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Table2: GHGs and sectors covered by the NID of Bahrain

Covered V

Not Covered

Not Applicable

Sector CO; CH,4 N.O HFCs PFCs Sk NF; NOx CO NMVOC SO«
1. Energy V V \Y

2. 1PPU V V Vv Vv Vv

3. Waste V \ \%

4. Agriculture V V

5. LULUCF

The national GHG inventory of Bahrain has been prepared as per the recommended methods (tier level) for individual sourcesread in the
2006 IPCC Guidelinesand the 2019 Refiement. The national GHG inventory of Bahrain is generally estimated using a mix of Tier 1 and Tier 2
methods. All Activity Data are either countryspecific or facility-specific with alarge degree of confidence. Whereas Emission Factors used
are primarily the IPCC default EFs, and sometimes, depending on data availability, EFs aracility-specific calculated from natural gas
consumption. Table3 provides asummary report for methods and emission factors usedcross the reporting period

Furthermore, the national GHG inventory ofBahrain has beenprepared usingthe 100-year time-horizon Global Warming Potential (GWP)
values from the IPCC Fifth Assessment RepofAR5)as perpara. 37 in decision 18/CMA.1 annex



Table3: Summary report for methods and emission factors used
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CO2 CHa N20 HFCs PFCs
GHG Source and Sink Categories Method  Emission  Method  Emission  Method Emission Method Emission Method Emission
applied factor applied factor applied factor applied factor applied factor
1. Energy T1,NA D,NA T1,NA D,NA T1,NA D,NA
1.A. Fuel combustion T1,NA D,NA T1,NA D,NA T1,NA D,NA
1.A.1. Energy industries T1,NA D,NA T1,NA D,NA T1,NA D,NA
1.A.2. Manufacturing industries and construction T1,NA D,NA T1,NA D,NA T1,NA D,NA
1.A.3. Transport T1,NA D,NA T1,NA D,NA T1,NA D,NA
1.A.4. Other sectors T1,NA D,NA T1,NA D,NA T1,NA D,NA
1.A.5. Other T1,NA D,NA T1,NA D,NA T1,NA D,NA
1.B. Fugitive emissions from fuels T1,NA D,NA T1,NA D,NA NA NA
1.B.1. Solid fuels NA NA NA NA NA NA
1.B.2. Oil and natural gas and other emissions from energy production T1,NA D,NA T1,NA D,NA NA NA
1.C. CQetransport and storage NA NA
2. Industrial processes T1,T2,NA D,PS,NA T1,NA D,NA NA NA T1,NA D,NA T1,NA D,NA
2.A. Mineral industry T2,NA PS,NA NA NA NA NA
2.B. Chemical industry T2,NA PS,NA T1,NA D,NA NA NA NA NA NA NA
2.C. Metal industry T1,NA D,PS,NA T1,NA D,NA NA NA NA NA T1,NA D,NA
2.D. Nonenergy products from fuels and solvent use NA NA NA NA NA NA
2.E. Electronic Industry NA NA NA NA NA NA
2.F. Product uses as ODS substitutes T1,NA D,NA NA NA
2.G. Other product manufacture and use NA NA NA NA NA NA NA NA
2.H. Other NA NA NA NA NA NA
3. Agriculture T1,NA D,NA T1,NA D,NA NA NA
3.A. Enteric fermentation T1,NA D,NA
3.B. Manure management T1,NA D,NA NA NA
3.C. Rice cultivation NA NA

31
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Table3: Summary report for methods and emission factors used

CO. CH4 N20 HFCs PFCs

GHG Source and Sink Categories . o . . o
Method Emission Method Emission Method Emission Method Emission Method Emission

applied factor applied factor applied factor applied factor applied factor
3.D. Agricultural soils NA NA NA NA
3.E. Prescribed burning of savannahs NA NA NA NA
3.F. Field burning of agricultural residues NA NA NA NA
3.G. Liming NA NA
3.H. Urea application T1 D
3.1. Other carbon-containing fertilizers NA NA
3.J. Other NA NA NA NA NA NA
4. Land use, land-use change and forestry NA NA NA NA NA NA
4.A. Forest land NA NA NA NA NA NA
4.B. Cropland NA NA NA NA NA NA
4.C. Grassland NA NA NA NA NA NA
4.D. Wetlands NA NA NA NA NA NA
4.E. Settlements NA NA NA NA NA NA
4.F. Other land NA NA NA NA NA NA
4.G. Harvested wood products NA NA
4.H. Other NA NA
5. Waste T1,T2,NA D,NA T1,T2,NA D,NA T1,T2,NA D,NA
5.A. Solid waste disposal T1,T2,NA D,NA
5.B. Biological treatment of solid waste T1,T2,NA D,NA T1,T2,NA D,NA
5.C. Incineration and open burning of waste T1,T2,NA D,NA T1,T2,NA D,NA T1,T2,NA D,NA
5.D. Waste water treatment and discharge T1,T2,NA D,NA T1,T2,NA D,NA
5.E. Other NA NA NA NA NA NA
6. Other (as specified in summary 1) NA NA NA NA NA NA NA NA NA NA

32



Bahrain's FirstBTRto the UNFCCC (2024)

2.2.1 Trends and Breakdowns of GHG Emissions

As shown inFigure9, total greenhouse gas (GHG) emissions Bahrainwere estimated at approximately33,656 Gg CQe in 2017, increasing

to around 38,787 Gg CQe by 2022.0verall, Bahrain contributes less than 0.07% to the global GHG emissions, which were estimated at 57.4
GROGRYUW] NW9 § AWWRUW=M=ZZAWecHAYI T RUNDWaqYWaq6 WO EAWEGRt + RYUY W] ¢ GWAUGY
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Figure9: GHG emission trends by secto017-2022

The increase in Bahrain's total emissions between 2017 and 2022 is largely attributed to timelustrial sector, which experienced a~49%

growth in emissions due toRUT 2t ql Rc G Wt WHqY! WI+Ge Ut RYUALWGS RN defpandionn@RiersHetps, I3udidag e U gl !
energy, waste and agriculture, saw more moderate, singtdigit growth, suggesting that while economic development accelerates, there are

still opportunities to optimize emissions management in these areas.
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Furthermore, as is the case globally the energy sector remains the primary contributoto GHG emissions responsible for an average chbout
81.3% of total emissionsbetween 2017 and 2022 The IPPlANnd waste sectors follow with an average contribution ofabout 15.2% and 3.5%
respectively. AFOLUremains an insignificant contributor withless than 009% of the national inventoryresulting from the limited agricultural
activities.

Key trends in the main sectors over the reporting period (2017-2022):

Figure10 provides a further breakdown of the trends in the main sectors over the reporting periad

m 1.A.1. Energy industries m 1.A.2. Manufacturing industries & construction  1.A.3. Transport
2.C. Metal industry m 1.B. Fugitive emissions from fuels m 5. Waste

m All remaining categories (<1k Gg CO2e each)
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Figure10: GHG emission trends by categor017-2022

1 EnergyTEnergy Industries: Despite the continuous increase in energy consumption over time, energy industries experience®d%
drop over the reporting period. This drop was mainly driven by the enhancement of efficiency of electricity production as hasd the
decommissioning of old less efficient power stations.
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EnergyT Manufacturing industries and construction: This section corresponds to the energy produced for manufacturing industries.
Aligned with the major expansions of industries, especially the metal industry, during the reporting period, energy productitor those
industries has alsogrown. This resulted in an overal-35.1% increase in emissions from this sukcategory.

EnergyT Transport: Emissions from the transport sector are dominated by road transportation. The entire sector underwent an overall
5.8% increase in emissions as a resulof economic growth. Yet, the growth rate of emissions was less than the growth rate of GDP,

which grew by 25%over the same period.

Energy T Fugitive emissions: Fugitive emissions resulting from the oil and gas industry showed an increase of around 18.8% over the
reporting period corresponding to the expansions in oil and gas operations from both upstream and downstream.

IPPU- Metal Industry : Aluminum IPPU emissionscontributed an average ofapproximatelyP T E LY n Waq 6 I WG Jq ¢ G WRedT 2t q
the reporting period while Iron and Steel Production accounted for the remaining 43%. During this periotRPUemissions from
Aluminum Production grewby 631%, driven mainly by capacity expansion. Likewise, emissions from Iron and Steel Production
increased by44.2%, primarily due to a rise in production volumes, especially in pellet production

Waste: Emissions from the waste sector saw a modest growth of approximatel.9% over the reporting period driven mainly by
population growth. Promoting higher recycling rates and landfill diversion have been instrumental in containing emissions growth in

this sector to single-digit growth.

All remaining categories: smaller sectors, emitting less than 1,000 Gg Cge each, including smaller industries, refrigeration sector
and minor activities. These sectors combined experienced &7.7% increasein emissionsover the reporting period.
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GHG emission by Gas and Source in 2022

As illustrated in Figure11, about 87E WUY n Waq 6 W W] ¢ ] WG Rt + RYUt WRUW=M=Z=1Ws JI JW9 § hAWGI RG¢ | R !
which accounted for approximately 74E WY n WY qc¢ G WG R+ RYUY AWnYGdYs U1 WH! Waqd DWT Agvofllt 13+ q
emissions, mainly from the Energy~5.4%) and Waste (~3.1%)sectors. HFCsand A[ 9 t 4 LL¢ethisdibnsmadel up a small fraction adding

up to about 4% from the overallemissions, mainly from the IPPU(~3.6%) Energy(~0.2%) and Waste(~0.1%)sectors.

Total N,O

F ~0.35%

CO,from Waste
& Agriculture,
~0.02%

~38,787 Gg CO,e

Total GHG emissions in 2022

Figurell: Breakdown of GHG emission by gas and source 2022
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Table4 and Table5, extracted from the CRTSs, detail GHG source and sink categories per the 2006 IPCC guidelines.

Table4: GHG emissions by year and category for 2042022

GHG Source and Sink Categories

GHG emissions per year in Gg G.e

Change from

2017 2018 2019 2020 2021 2022 2017 to 2022 (%)
TOTAL Net Emissions (1+2+3+4+5+6) 33,655.69 34,436.45 38,010.05 38,037.52 39,216.75 38,786.52
1. Energy 28,039.44 28,138.42 30,998.03 30,847.60 31,368.88 30,987.08 10.49
1.A. Fuel combustion 25,933.58 25,983.25 28,495.97 28,313.24 28,839.71 28,484.81 9.81
1.A.1. Energy industries 14,016.95 13,737.30 14,010.09 14,130.25 14,401.46 13,729.50 -2.05
1.A.2. Manufacturing industries and construction 7,821.41 8,261.07 10,365.63 10,534.64 10,547.23 10,564.75 34.96
1.A.3. Transport 3,184.94 3,076.78 3,252.58 2,810.67 3,038.12 3,368.56 5.77
1.A.4. Other sectors 215.58 224.17 225.25 215.04 212.11 227.13 5.36
1.A.5. Other 694.70 683.94 642.42 622.64 640.79 594.87 -14.37
1.B. Fugitive emissions from fuels 2,105.86 2,155.17 2,502.06 2,534.37 2,529.17 2,502.27 18.82
1.B.1. Solid fuels NE,NO NE,NO NE,NO NE,NO NE,NO NE,NO T
1.B.2. Oil and natural gas and other emissions from energy production 2,105.86 2,155.17 2,502.06 2,534.37 2,529.17 2,502.27 18.82
1.C. CQ; Transport and storage NE,NO NE,NO NE,NO NE,NO NE,NO NE,NO T
2. Industrial processes and product use 4,343.76 5,012.85 5,677.13 5,864.59 6,481.81 6,489.82 49.41
2.A. Mineral industry 32.61 19.93 18.97 18.57 20.81 30.46 -6.61
2.B. Chemical industry 575.52 538.94 542.67 543.17 550.82 533.39 -7.32
2.C. Metal industry 3,037.11 3,487.42 4,085.61 4,186.05 4,682.28 4,697.94 54.68
2.D. Nonenergy products from fuels and solvent use NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO T
2.E. Electronic industry NA,NE NA,NE NA,NE NA,NE NA,NE NA,NE T
2.F. Product uses as substitutes for ODS 698.51 966.56 1,029.88 1,116.79 1,227.91 1,228.03 75.81
2.G. Other product manufacture and use NE,NO NE,NO NE,NO NE,NO NE,NO NE,NO T
2.H. Other NE,NO NE,NO NE,NO NE,NO NE,NO NE,NO T
3. Agriculture 33.40 34.89 36.15 35.27 H5.57 35.15 5.24
3.A. Enteric fermentation 30.62 32.12 33.35 32.56 32.89 32.36 5.70
3.B. Manure management 2.08 2.18 2.22 2.09 2.17 2.15 3.34
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GHG Source and Sink Categories

GHG emissions per year in Gg GOe

Change from

2017 2018 2019 2020 2021 2022 2017 to 2022 (%)
3.C. Rice cultivation NE NE NE NE NE NE T
3.D. Agricultural soils NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO T
3.E. Prescribed burning of savannahs NO NO NO NO NO NO T
3.F. Field burning of agricultural residues NE NE NE NE NE NE T
3.G. Liming NE NE NE NE NE NE T
3.H. Urea application 0.70 0.59 0.58 0.61 0.51 0.64 -9.18
3.1. Other carboncontaining fertilizers NE NE NE NE NE NE T
3.J. Other NE,NO NE,NO NE,NO NE,NO NE,NO NE,NO T
4. Land use, land-use change and forestry IE,NA,NE,NO IE,NA,NE,NO IE,NA,NE,NO IE,NANE,NO IE,NANE,NO IE,NANENO T
4.A. Forest land NA,NE NA,NE NA,NE NA,NE NA,NE NA,NE T
4.B. Cropland IE,NA,NE IE,NA,NE IE,NA,NE IE,NA,NE IE,NA,NE IE,NA,NE T
4.C. Grassland IE,NA,NE IE,NA,NE IE,NA,NE IE,NA,NE IE,NA,NE IE,NA,NE T
4.D. Wetlands NA,NE NA,NE NA,NE NA,NE NA,NE NA,NE T
4.E. Settlements NA,NE NA,NE NA,NE NA,NE NA,NE NA,NE T
4.F. Other land NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO T
4.G. Harvested wood products NE,NO NE,NO NE,NO NE,NO NE,NO NE,NO T
4.H. Other NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO T
5. Waste 1,239.09 1,250.29 1,298.74 1,290.06 1,330.49 1,274.47 2.86
5.A. Solid waste disposal 1,129.33 1,146.57 1,181.57 1,170.86 1,169.00 1,165.36 3.19
5.B. Biological treatment of solid waste NE,NO 0.06 0.10 0.12 0.18 0.11 T
5.C. Incineration and open burning of waste 2.43 1.80 2.05 4.35 8.94 9.14 275.69
5.D. Wastewater treatment and discharge 107.33 101.86 115.03 114.73 152.37 99.86 -6.95
5.E. Other NA,NO NA,NO NA,NO NA,NO NA,NO NA,NO T
6. Other NA,NE NA,NE NA,NE NA,NE NA,NE NA,NE T
Memo items:
1.D.1. International bunkers 1,359.30 1,470.52 1,544.54 873.70 979.82 1,579.39 16.19

38



Bahrain's FirstBTRto the UNFCCC (2024)

Table4: GHG emissions by year and category for 2042022

GHG Source and Sink Categories GHG emissions per year in Gg @e CHENMID T
2017 2018 2019 2020 2021 2022 2017 to 2022 (%)
1.D.1.a. Aviation 1,359.30 1,470.52 1,544.54 873.70 979.82 1,579.39 16.19
1.D.1.b. Navigation NE,NO NE,NO NE,NO NE,NO NE,NO NE,NO T
1.D.2. Multilateral operations NO NO NO NO NO NO T
1.D.3. COz emissions from biomass NO NO NO NO NO NO T
1.D.4. CO; captured NO NO NO NO NO NO T
5.F.1. Longterm storage of C in waste disposal sites 6,610.51 6,955.85 7,155.89 7,395.27 7,616.66 7,843.34 18.65
Indirect N 20 NE NE NE NE NE NE T
Indirect CO 2 NE NE NE NE NE NE T
Total CO; equivalent emissions without LULUCF 33,655.69 34,436.45 38,010.05 38,037.52 39,216.75 38,786.52 15.25
Total CO2equivalent emissions with LULUCF 33,655.69 34,436.45 38,010.05 38,037.52 39,216.75 38,786.52 15.25
Total CO: equivalent emissions, including indirect CO 2, without LULUCF 33,655.69 34,436.45 38,010.05 38,037.52 39,216.75 38,786.52 15.25
Total CO2equivalent emissions, including indirect CO 2, with LULUCF 33,655.69 34,436.45 38,010.05 38,037.52 39,216.75 38,786.52 15.25

Table5: GHG emissions by gas type for thgear 2022

. . Net CO, CH, N-O HFCs PFCs Total for 2022

GHG Source and Sink Categories (Ga) (Ga) (Ga) (Gg COse) (Gg COse) (Gg COse)

TOTAL Net Emissions (1+2+3+4+5+6) 33,834.01 1,228.03 38,786.52
1. Energy 28,818.32 74.46 0.32 - - 30,987.08
1.A. Fuel combustion 28,382.46 0.68 0.31 28,484.81

1.A.1. Energy industries 13,716.17 0.24 0.02 13,729.50

1.A.2. Manufacturing industries and construction 10,554.49 0.19 0.02 10,564.75
1.A.3. Transport 3,296.17 0.18 0.25 3,368.56
1.A.4. Other sectors 226.53 0.02 0.00 227.13
1.A.5. Other 589.10 0.06 0.02 594.87
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GHG Source and Sink Categories Net CO, CH4 N2O HFCs PFCs Total for 2022
(Go) (Go) (Go) (Gg QOze) (Gg QOze) (Gg QOze)
1.B. Fugitive emissions from fuels 435.85 73.78 0.00 2,502.27
1.B.1. Solid fuels NE,NO NE,NO NE NE,NO
1.B.2. Oil and natural gas and other emissions from energy production 435.85 73.78 0.00 2,502.27
1.C. COx Transport and storage NE,NO NE,NO
2. Industrial processes and product use 5,007.58 2.38 NA,NE,NO 1,228.03 187.50 6,489.82
2.A. Mineral industry 30.46 NE NE 30.46
2.B. Chemical industry 506.39 0.96 NE NE NE 533.39
2.C. Metal industry 4,470.73 1.42 NE NE 187.50 4,697.94
2.D. Nonenergy products from fuels and solvent use NA,NE NA,NE,NO NA,NE,NO NA,NE,NO
2.E. Electronic industry NA,NE NE NE NA,NE
2.F. Product uses as substitutes for ODS 1,228.03 NE,NO 1,228.03
2.G. Other product manufacture and use NE NE NE NE,NO NE,NO
2.H. Other NE NE NE NE,NO
3. Agriculture 0.64 1.23 NA,NE,NO - - 35.15
3.A. Enteric fermentation 1.16 32.36
3.B. Manure management 0.08 NA,NE,NO 2.15
3.C. Rice cultivation NE NE
3.D. Agricultural soils NA NE,NO NA,NE,NO
3.E. Prescribed burning of savannahs NO NO NO
3.F. Field burning of agricultural residues NE NE NE
3.G. Liming NE NE
3.H. Urea application 0.64 0.64
3.1. Other carboncontaining fertilizers NE NE
3.J. Other NO NE NE NE,NO
4. Land use, land-use change and forestry NA,NE,NO NA,NE,NO IE,NA,NE,NO - - IE,NA,NE,NO
4.A. Forest land NE NE NA,NE NA,NE
4.B. Cropland NE NE IE,NA,NE IE,NA,NE
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GHG Source and Sink Categories Net CO, CH4 N2O HFCs PFCs Total for 2022
(Go) (Go) (Go) (Gg QOze) (Gg QOze) (Gg QOze)

4.C. Grassland NE NE IE,NA,NE IE,NA,NE

4.D. Wetlands NA,NE NA,NE NA,NE NA,NE

4.E. Settlements NE NE NA,NE NA,NE

4.F. Other land NA,NE,NO NA,NE,NO NA,NE,NO NA,NE,NO

4.G. Harvested wood products NE,NO NE,NO

4.H. Other NO NO NA,NO NA,NO

5. Waste 7.47 43.30 0.21 - - 1,274.47

5.A. Solid waste disposal 41.62 1,165.36

5.B. Biological treatment of solid waste 0.00 0.00 0.11

5.C. Incineration and open burning of waste 7.47 0.00 0.01 9.14

5.D. Wastewater treatment and discharge 1.67 0.20 99.86

5.E. Other NA,NO NO NO NA,NO

6. Other (please specify) NE NE NE NE NE NA,NE
Other sources of emissions/removals [IPCC Software 5.C] NE NE NE NE NE NA,NE
Memo items:

1.D.1. International bunkers 1,567.21 0.01 0.04 1,579.39
1.D.1.a. Aviation 1,567.21 0.01 0.04 1,579.39
1.D.1.b. Navigation NE,NO NE,NO NE,NO NE,NO

1.D.2. Multilateral operations NE NE NE NE

1.D.3. COz emissions from biomass NE,NO NE,NO

1.D.4. CO; captured NE NE

5.F.1. Longterm storage of C in waste disposal sites 7,843.34 7,843.34

Indirect N 20 NE NE
Indirect CO2 NE NE
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2.2.2 Energy Sector

2.2.2.1  Overview

The Energy Sector in the Kingdom of Bahrain is &rucial component of its economy,
primarily driven byQil and Gas (O&G)production, which has historically served as the
backbone of the country’'s economic development As theKingdomseeks to diversify its
economy and adapt to global energy transitions, the sector is evolving towards greater
sustainability, while continuing to rely on its established energy resourcedn general,
Bahrain mainly relies ongaseous and liquid fuelsfor its energy sector, whereasthe use
of solid fuels is limited toleisure activities, such as charcoal for grilling

1. Oil and Gas

Bahrain is the firstof the Gulf states to discover oil, with its first oil well dating back to
1932. Bapco Energies, a statowned holding company, manages all oil and gas
infrastructure in Bahrain including O&G production, refining, processing and upgrading.
The primary oitproducing field within Bahrain is the Bahrain Field, which produces
approximately 40,000barrels of oil per day.

Additionally, Bahrain benefits from a 50% share in the offshore Abu Safah oil field,

located in the Arabian Gulf. The field is jointly operated by Saudi Arabia and Bahrain, with

7¢61 ¢cRUkt Wt 6¢l WWEYUq!l RA2 qRUND Wt RN USfaRfEd Uaqd ! L
produces about 300,000 barrels of oil per day, and Bahrain's 50% share provides a
substantial boost to its crude oil supply, supplementing its domestic production.

Further, Bahrain imports additional crude oil from Saudi Arabia viaa 55-kilometer

pipeline for refining.

Bahrain also possesses natural gaghat is a key fuel for Bahrain's domestic energy
consumption, particularly for power generation, water desalination, and industrialuse.

2. Electricity Generation and Distribution

Bahrain's electricity generation is primarilybased on natural gas. The Electricity and
Water Authority (EWA) manages the distribution network, ensuring reliable electricity to
households, industries, and businesses.The total installed capacity connected to the
national grid stands at around 5,000 megawatts (MW)The increasing demand for
electricity due to urbanization, industrial expansion, and population growthas well as
the KRUNT Ydédicatith towards preserving the environmenthas led Bahrain to
modernize its infrastructure and explore alternative energy sources to diversify its
electricity generation mix.

Furthermore, severallarge industries in Bahrain operate their own captive power plants
to meet their substantial energy requirements These industrial power plants contribute
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significantly to the country's overall energy production, supplementing the national grid
while enhancing energy security and operational efficiency within the industrial sector.

Bahrain is also a member of the Gulf Cooperation Council (GCC) Interconnection
Authority, which links the electricity grids of GCC countries, allowing for electricity trade
and greater grid stability in the region.

3. Renewable Energy Initiatives
i 6RONVNW7c¢61 ¢cRUKY WO N! Wt UegqVY! Wl Wae ROY WT YaRU
committed to diversifying its energy mix by incorporating renewable energy sources. In
CGRNUGWUqUWs Ragé6W7¢61 ¢cRUkt WERYUYOGRAW éRt RYUW =
Agreement, the National Renewable Energy Action Plan (NREAd&INs to generate 5% of
its electricity from renewable sources by 2025 and 10% by 2035.

Solar energy is at the forefront ofenewable energyefforts, with numerous projects
initiated to install solar panels around the country.

4. Energy Efficiency and Sustainability

Bahrain is focusing on improving energy efficiency across various sectomngngingfrom

industrial applications to residential energy use. Efforts include the promotion of energy

efficient buildings, appliances, and vehicles, with regulations in place to drive these

initiatives.

To further enhancethe sustainability of its energy sector Bahrain isalso exploring

advanced technologies like carbon capture, utilization and storage (CCUS) and hydrogen

energy, alongside efforts to promote electric vehicles (EVs) and invest in green energy

t YieqRYUt OWNS Wt VDWRUR@QR¢E qR2 13t We iRt iddiice fhe 6 Wa 6 13|
carbon intensity of its economy while ensuring energy security.

2.2.2.2  Source Category Description

1. Main Electricity Production

Bahrain is a small island where 100% of the populatiois connected to the gridwith four
main power plants currently supplying the grid. As 0f2022, following the decommission
of two older facilities, all power plants use combined-cycle gas turbinetechnology. The
natural gasis directly supplied from Bahrain Feld to the power statiors through a
distribution network managed by Bapco EnergiesTable 6 shows the capacity of all
power plants connected to thegrid for this reporting period.
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Table6: Installed capacity of gridconnected power production facilities (2017%2022)

Facility 2017 2018 2019 2020 2021 2022
Installed Capacity (MW)

Sitra Power Station 125 125 125 125 125 0

Riffa Power Station® 700 700 700 700 700 450
Hidd Power Station 929 929 929 929 929 929
AlEzzel Power Station 941 941 941 941 941 941
Al-Dur 1 1,224 1,224 1,224 1,224 1,224 1,224
Al-Dur 2 0 0 0 0 1,500 1,500

As shown in Figure 12, the consumption of electricity from the nationalgrid has been
gradually increasing between 2017 and 2@2. A major decline is noticeable in the
commercial and industrial sectors in 2020 due to COVID-19, when the activities of both
sectors were limited . Figure12 is not representative of the national sectoral breakdown
of electricity consumption, as it only reflects the consumption from the national grid
whereas a few industries have their own captive power generation which will be
discussed insubsequent sections.
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Figure12: Electricity consumption from the national grid pesector
2. Manufacturing Industries, Construction and Other Energy Industries

Theenergysector process starts at BahrainField, where the production ofoil and gas
takes place. In 2022, crude and condensate praluction averaged at39.5 thousand
barrels per day, while natural gas productionaveraged at 1,647 million standardcubic
feet per day.Further, an additional amount of crude oil is imported from Saudi Arabia
through pipelines, amountingto a total of77,743thousand barrels in 2022 The upstream
petroleum industry meets part of its energyneeds on-site using a mixture of natural gas

(2) Riffa PowerStation is no longer operationalas 0f2022, but it is kept as a standby facility.
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diesel and solar power, and relies on the national electricity grid forthe remainder.
Following upstream sector processes, products are then transferred for export,
processing, or direct useby industries.

Natural gas is distributed through a network tall power plants (that are either owned by
the industries or connected to the grid, industries, as well asa gas processing facility
under Bapco EnergiesThe gas processing facility processes the natural gaslong with
the associated gasand condensate produced from BahrainField, to produce more
valuable products. The processing facility also producests own electricity on-site. The
direct emissions of power generation fromboth the upstream production and the gas
processingare reported underbN 1O OB PEIORRIEU1IJI N! Wf UT 2t ql Rt w

Crude oilis sent to arefining plant where avariety of products Tranging fromlight refinery
gas to heavybitumen asphalt T are produced. These products are therpartly sold locally
and partlyexported. In addition tothe refined products, Bahrain also export@ proportion
of the produced crude oil and condensate The refiningplant also produces electricity
on-site and is reported underb MDA WA D aql Y We d WAINRURUN®

Furthermore, several major industries including Iron and Steel, Aluminum, and
Petrochemical industries produce their own electricity. Each ofthese industries are
reported on under their respective subsections under /b N FOMd&@Facturing Industries,
Construction+ 8214l industries and SMEge.g., metal recycling)that use small amounts
of natural gasfor energy generatiorare grouped and their emissions areeported under
mA2mNot GUHRNRWIL Wf UT 2t ql ! w

Figure13 provides an illustration of energy flows in Bahrain.
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3. Transport
7¢61 ¢cRUKkYt Wal ¢ Ut GYI q¢ qRY U LTt I6# geBodaing &nd istahll ¢ Wt 13!
important focus in the national GHG inventoryRoad transport, including private vehicles
and freight, forms a significant part of tis sector, and primarily relies on fossil fuels.
Figure14 depicts the evolution of the total number ofvehiclesin use, and encompasses
all types of vehicles(i.e. cars, motorcycles, heavy vehicles, etc..). This gradual increase
is reflective ofa 6 1J Wu R (b&pllatidniamd economic growth.

Public transportation, mainly providedgq 6 | Y2 N6 Wqdé JW7 ¢ 61 ¢ RUWAz2 Ao RHE LW
bus network, supports the sector, and efforts are ongoing to expand itsusez ¢ 6 | ¢ RUKk t L
position as a regional trade hub isolstered by the Bahrain International Airport and

Khalifa Bin Salman Port, botlof whichareR 1IJ U q | ¢ G WY Waqé JWHRY2 Uql ! &kt We
sectors. Additionally, pipeline transport plays a key role in the movement of oil and

natural gas, further contributing to the sector's emissions profilef ULWId RUIJWs Raq 6 W7 ¢
climate goals, initiatives such as promoting electric vehicles and enhancing public

transport systems are being pursued to further optimize the sector's environmental

impact.

750,000

740,000

730,000
720,000
710,000 I
700,000

Figure14: Total number of vehicles registered in useén Bahrain.

Number of vehicles
registered in use

4. Other Sectors

The esidential and commercial sectors in Bahrain relies entirely on the national gridor

electricity . However, these sectors do emit direct GHG emission fromthe use ofcooking

fuel in the form of Liquified Petroleum Gas (LPG). The totinissions resulting fromLPG

HYUt e GqRYUWU¢c qRYUcOG! WE | NOKNNHOY IOKEWA. 10ke RITT 100 dpRSeY
5. Fugitive Emissions

Fugitive emissions resulting from oil operationdiave been mostly consistent throughout
the reporting periodof this BTR(2017-2022) due to the stability of the productionand
refining rates. However, there was a significant jump innatural gas fugitive emissions
from 2019 onwards coinciding with the commissioning of an exparsion to a gas
processing plantthat increased its processing capacityfrom around 300to 650 MMSCF
per day.
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2.2.2.3 Methodology

2.2.2.3.1 Sectoral Approach

Tier 1 approach has been usedcross the EnergyCategoryusing IPCC default emission
factors following IPCC 2@6 Guidelines The activity data, depending on thevolume of

operation, is either supplied by the operators for large emitters or by central
governmental entities (.e. iGA) for small sources.

1. Energy Industries

Beingone of the largest contributors to the national GHG irentory, the activity data for
this subcategory is obtainedfrom the operators of the different facilities. The datasets
provided by the operatorsice., the consumers) are compared with datasetsprovided by
Bapco Energiesi(e., the supplier) which manages thenatural gas distribution network.
This exercise hel reduce uncertainties and ensures the consistency of the timeseries.
Grid-connected power plants that use single cycle technology are reported under
yl.A.l.ag RIOE G JHq | R #H Ruile KDdsdd ibldg combin¥dlogdle technology are
reported under "1.A.La.ii Combined Heat and Power] 13U 1J| ¢ &uURNeknG, the
emissions resulting from power generation in refineries are reported undepl.A.1.b
Alaql Yi e 0.19dma ofRhdde tatliGasuse trace amounts of dieselfor start-ups
and other activities. The emissions from liquid fuelare not reported hee but areincluded
elsewhere (under 1.A.4 - Other SectorsQ@rouped with othersources.

2. Manufacturing Industries and Construction

Energy production from major industriess reported under thissubcategory, specifically

undery T ag atef | Y Utog O 4 HOtow ikl oYCaet HO-~ahbla T (ot @ o HHKO9 6 130 RH
The activity data of thesesub-categories are provided by the relevant industries. In a

similar manner to the previous section, data sets provided by operators are compared
¢cNERUY qWqdé IWt s GGrinknidé untetthintiesy ©thdd gectors, such as
construction and food processing, might use trace amounts of liquid and gaseous fuels

However, the breakdown from these sectors is not availablend therefore they are

grouped with other sectors and reported underbN ®miNon+ GIJHR N RIJL Wf UT 2t ql

3. Transport

The transport sector in Bahrainrelies mainly on liquid fuels. More specifically, avil
aviation utilizes aviation gasoline and jet kerosengand both road transportation and
water-borne navigationuse motor gasoline and diesel Additionally, /RiplJ i RUIJWN1 ¢ Ut GY
is an activity occurring in Bahrainbut no emissionsare reported under this sub-category
due to the lack of segregated data. The emissions of pipeline transpoare, however,
impeded within the other sub-categories (included elsewhere) Theactivity data used for
this category is the local sales of these fuels provided bthe Ministry of Oil (MDO). The
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local sales of liquid fuels are classifiedbased on sService Saj ¢ q R GY2IAIWLOW U q A L
wf Ul et ql R¢ O wdAWeE Theléimissions eftbeldd fiiels dresyépdirted assfollows:

f Motor gasoline sales classified under /bE 131 2 R # 1J WK aYe2glR YO0 1380 # A L ¢
wpf Ul 2t ql RE O w WA AIBI1DEY It ad T We UT 131 W

f Motor gasoline sales classified undermb~ ¢ | RGO@RY Ut wlWl ¢! DWI DGV
"1.A.3.d.iiwDomestic WaterHY | UK ¢2RN¢ qRYUCD

i1 All local sales of Kerosene and Jet fuere reported undery T g a.ipugmestic
AviationCO

f Local sales ofdiesel #G ¢t + Rn RIJT We UT 13+e Ui ELIE] 2YRHARNAE addJayRs
reported undery T B.b.iiwHeavyl 2 q! KOql 2 At + t0c Ul IOHz2t 1Jt CO

1 Local sales of diesel classified underrMarine Stationss LU ¢crépaited under
"1.A.3.d.iiwDomestic WaterHY | UIJIO ¢2RN¢ qRYUCD

f Local sales of diesel classified undestbRUT 2t q| R¢ O w Wl ARINoRI GY | q 131
t GUARNRIJT CO

All assumptions and other activities that might be reported undeother sub-categories
are summarizedin Table7.

4. Other Sectors

LPG is the main cooking fuein Bahrain and is reported undenl.A.4b wresRT JU.qR¢ 0 CO
Although it is also used by other sectors (i.e.commercial), it is all reported under

residential due to the lack of segregated data. The activity datased is the local sales of

LPG provided byMOO. Moreover, other activities undeny T g wNoideeH R 'n Budi ag€o

fishing and off-road machineryare occurring in Bahrain but are included elsewhere due

to the lack ofdata breakdowns.

5. Non-Specified
X YRCOW ¢alt WYnWl RIJY G WHG ¢ MORSTeRddtedulider T U f & t0q |
uNon-t G 1J # Ras tRd.kkaCtate of diesel depends on the endser which may vary from
off-grid generators for constructionand other activities, start-up fuel for gasfired power

plants, fuel for heavy vehicles,or other applications. Therefore,those amounts were
NI Ye GUIT Wwe U1 Wl 1JGYG IqHIR nikcHiidgadillewil Y U

6. Fugitive Emissions

The activity data used to calculate fugitive emissions are obtained from Bapco Energies
which oversees all oil and gas operations in Bahraiflhe activity dataused to compute
the emissions from this sectorare as follows:

i Oil Production: annual amount of crude oil produced from Bahrain field
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i Gas Production: annual amount of gas produced from Bahrain fieldincluding
associated gas.

i Oil Transported by Pipeline : total amount of oil including imported oil from Saudi
Arabia by pipelines

i1 Oil Refined: Amount of oil supplied to the refining facilities

1 Gas Processing (raw gas feed): total feed gas to the gas processing and gam-
liquid facilities.

1 Marketable Gas and Utility Sales: total natural gasdistributed through the gas
distribution network.

7. Summary of Cross-Sectoral Energy Activities

Due to the lack of an extensive breakdown of datafew activities are grouped and
reported under one subcategory. Table7 provides a summary of these activities as well
as the sources of data and main assumptions used.

Table7: Summary of crosssectoral emissions under energy category

Other sources that

Data - . might be included
Data Source Reported in: Assumption s under this sub-
category
100% of thegas IPPU emissionsof
Natural Gas .
. Bapco 1.A.2.muwNon- supplied to small some amount of gas
supplied to small : . . N )
: . Energies  specified Industry industries is that is used for non
industries
combusted energy
Local sales of 100% of gasoline Other vehicles that
Motor Gasoline sales (excluding use gasoline (i.e.
(Service Stations MOO 1.A.3.b.iuCars those sold in marine motorcycle) and
+ Government + stations) are used for other industrial uses
Industrial) cars of gasoline
100% of gasoline
Local sales of 1.A.3.d.iiwDomestic sales in marine Other sea activities
Motor Gasoline MOO Water-borne stations are used for (i.e. fishing)
(Marine Stations) Navigation water-borne e 9
navigation
Industrial uses of
Local sales of 1 A 3.aiiLDomestic 100% of local sales  kerosene and other
Kerosene and Jet MOO T of these two fuelsare aviation purposes

Fuel

Aviation

used for civil aviation

(i.e. multilateral
operations)

49



Bahrain's FirstBTRto the UNFCCC (2024)

Table7: Summary of crosssectoral emissions under energy category

Other sources that

Data . . might be included
Data Source Reported in: Assumption s under this sub-
category
100% of diesel local cher typ es qf
Local sales of sales classified vehicles using diesel
: . 1.A.3.b.iii WHeavy (i.e. light-duty trucks)
Diesel (Service under Government o
. MOO duty trucks and ) ) and other activities
Stations + and Service Stations . .
buses . that use diesel (i.e.
Government) is used by heavy o
off-grid diesel
trucks and buses
generators)
0 .
Local sales of 1.A.3.d.iiwDomestic 1.00/0 ofdlesel gales o
. . In marine stations Other sea activities
Diesel (Marine MOO Water-borne A
. L are used forwater- (i.e. fishing)
Stations) Navigation N
borne navigation
Local sales of 1 A5uNon- _Dlesel _used_by AII_mdusftrlaI uses of
: . MOO o industries with diesel (i.e. trucks,
Diesel (Industrial) specified o
unknown application power plants)
Local Sales of 100% of LPG local Other non
LPG MOO 1.A.4.buresidential salesareused as residential LPG uses
cooking fuel (i.e. commercial)

2.2.2.3.2 The Reference Approach

TheReference Approach was appled using national energy statistics provided by iGAs
a QC measure to verify the outcomes of the sectoral approach. The apparent
consumption was calculated using the national energy balancewhich includes:

i Production: crude oil, condensate, natural gas and associated gas

i Imports: crude oil

i Exports: crude oil, condensate, and refined products

1 International Bunkers: fuel sold for international aviation and wder-borne
navigation.

i Stock Changes: all fuels.

Afterwards, bE ¥ HO 2 T W9 ¢l AYUmwlWs ¢t Wt @ETguidelinesidR U LW ¢ # H
eliminate the energy of fuels that are used for nonergy purposes, which includes:

1 Natural Gas Re-injection: the proportion of natural gas that is reinjected to oll
wells in Bahrain field tomaintain the pressure.
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i Natural gas feedstocks: natural gas used as a feedstoclky some industries (i.e.
petrochemicals and iron & steel). These datasets are obtained from the relative
industries to distinguish between the amounts used as feedstock andthe
amounts used for energy production.

1 Non-energy products : Liquid fuels used for nonenergy purposes (i.easphalt).

Overall, thedifference in CQ, emissions between the reference and sectoral approaches
ranged from 39% during the reporting period (201-2022). The differences are attributed
mainly to fugitive emissions,and stock changesint® Y Ut 2 deldl. t K

2.2.3 Industrial Processes and Product Use (IPPU) Sector

2.2.3.1  Overview

The IPPU Sector in Bahrain covers GHG emissions from the following sséxctors, as per
IPCC2006 guidelinescategories:

Mineral Industry, specifically: Cement Production and Glass Production
Chemical Industry, specifically: Ammonia Production and Methanol Production

Metal Industry, specifically: Iron and Steel Production and Aluminum Production

H 0w N PE

Product Uses as Substitutes for ODS specifically: Refrigeration and Air
Conditioning (RAQ

As illustrated inTable4, the metal industry is the lagestemission sourcewithin the IPPU
sector followed by emissions from thechemical industry and RAC. Further details on
those sub-sectors are discussed in the following section.

2.2.3.2 Source Category Description

1. Cement Production

Clinker production is the main source ofCO. in the cement production process Bahrain
has only one clinker production facility with a capacity of 950tonnes per day. Since Q1
2017, the facility has beenno longer operational, and arrrently, all cement production
facilities in Bahrainare importing clinker for their processes.

2. Glass Production

In Bahrain, fiberglass (Eglass) is the primary type of glass produced, using natural gas
fired furnaces. As shown inFigure 15, the production capacity of fiberglass in Bahrain
has steadily risen, from 30,000 tons per year in 2017 to 120,000 tons per year by 2022,
according to industry-reported data. This increase in production capacity has
contributed to the rise in emissions fom this sector. Additionally, industries reported a
cutlet ratio ranging from approximately 1% to 6% during this period
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Figure15: Fiberglass production capacityin Bahrain.
3. Ammonia Production and Methanol Production

In Bahrain, ammonia and methanol production occurs at a single facility powered by

natural gas. This facility also includes a urea production unit and a Carbon Dioxide
AugY2101 ! Wei9?2Ab We URqAWs 6RASWHE Gageal It We GWa Y WM
reformer stack emissions to produce additional methanol and ureaFigurel16 illustrates

the annual production levels of ammonia, methanol, and urea in the Kingdom.
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Figure16: Annual production of Ammonia Methanol, and Urea

4. Iron and Steel Production

Thelron and Steelproduction process in Bahrainis illustrated in Figure17:

1 The pellet production plant convertsiron ore fines into agglomerated, indurated
pellets ron ore pelletstb

1 The DRI plant has a designed capacity of 1.5 million tones a year The facility
can produce hot DRI for irhouse consumption, andcold DRI for the market

1 The Melt Shop has a design capacity of 0.97illion tonnes a year It employs
Electric Arc Furnace(EAR technology.
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1 TheHeavy Section Mill is a computer-controlled facility with a designed capacity
output of 0.6 million tonnes a year

Pelletizing Cold DRI
/| Plant /| Storage

Hot DRI

S Reheating

Furnace
Pellet Direct

Production Reduction Rolling
Mill
Plant Plant (M| o
Finishing

| Services

Blooms

Billets Medium & Heavy Section Mill
Beam Blanks

Melt Shop

Figure17: lllustration of the iron and steel productiorprocess.

Pellet production, DRP,and EAFare the main sources ofPPUrelated GHG emissions in
theiron and steel production sector. For example, Figure 18 shows the annual
production of pellets.

14

= =
o )

(0]

Pellet production (Million t/yr)

Figure18: Annual production ofpellets.

5. Aluminum Production
NégWWecdedRUaGWRUT 2t gl ! WRt WewWrY!I Ot qYULUWYn W7
B.S.C. (Alba) ranking among the largest aluminum smelters worldwid&he industry,

which began in 1971 with the establishment of Alba, has since expanded significantly,
HYUql RHz qRUNDWY 2 At q¢c¢UqRcecld! WV Wad IJNhEMdest g | ! Kt
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expansionwas commissioned in late 2018 when a new production train wasintroduced
to the operation (Line 6) increasing the overall production capacity frord60,000 to
1,500,000 t/yr. Yet, the actual production exceeded,600,000 in the following years as
shown inFigure19.
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Figure19: Annual primary aluminum production inBahrain.

In the context of Bahraims national GHG emissions, the aluminum industry is a
significant contributor. The first part is in the formof CO,, CH4, and N.O emissions from
electricity generation, which was reportedunderyl-E U 1J | Thé $&@pnd part is reported
under IPPU in the formof CO, and PFCsemitted from the redoxreaction that reduces
alumina to produce molten aluminum.

6. Refrigeration and Air Conditioning (RAC)

Refrigerants are chemical compounds used in air conditioning, refrigeration (RAC), heat
pump and fire-fighting systems to absorb and release heat, enabling temperature
regulation. Common RAC applications of refrigerants include residential and
commercial air conditioning, industrial refrigeration systems, and automotive cooling
systems like vehicles and refrigerated trucks. In the Kingdom of Bahrain, where the
climate is predominantly hot and humid, the demand for efficient cooling systems is
high, making efrigerants a necessity rather than a luxury, for maintaining comfort and
safety in homes, offices, and industries. Other applications also include foam
manufacturing, where some refrigerants are used as a blowing agent in pt#ended
polyols to manufacture insulation foams for refrigerators, freezer and cold rooms.

The National Ozone Unit (NOU) at the Supreme Council for Environmeaiays a critical
role in ensuring the country's compliance with the Montreal ProtocolNOU enforces
regulations, licensing, monitoring, and gradual phaseout of the controlled substances,
promoting the adoption of eccfriendly alternatives with lower environmental impacts.

In 2024,Bahrain officially ratified the Kigali Amendmentwherebyit is required to reduce
85% of HFCs consumption by the year 204&nd have an active HCFCs phaseout
management plan (HPMPin place until the year 2040 HCFCsin Bahrain are widely used
in the air condition sector, which is easily targeted throughnational regulations. Such
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regulations include, for example, bans onthe import of large AC systems such as
chillers that are heavily reliant on HCFCs. Other example®f regulation include the
continuous update in Minimum Energy Performing Standards (MEPS3$upporting a
transition away from heavily HCFG-dependent units, fostering a market shift towards
more sustainable alternatives

HFCs also have a wide range of applications, including various types of air conditioning
units T such aswindow, split, package and chiller systemsand in-vehicle ACs.They also
serve crucial commercial and industrial uses, in display cabinets, cold rooms and
refrigerated trucks thattransport perishable goods.Moreover, HFCs have alsaeplaced
halons in fire-fighting applications, where they are used in fire suppression systems
particularly in data centers, telecommunications facilities, museums, and other
sensitive environments whereasset protection is crucial. Similarly to other sectors, the
RAC sector has expandd over the past few years due to increased demand
corresponding topopulation growth and industrial development.

2.2.3.3 Methodology

1. Cement Production

Activity dataincluding annual clinker and cement production datg as well as theaverage
fraction of Calcium Oxide (CaO) from carbonate, were collected from the industries for
2017-2022. The emission factor for clinker production was calculated using IPCC
equation 2.4 (Ter 1), while the emissions were calculated using IPCC equation 2.2 (Tier
2) and IPCC default emissions correction factor for Cement Kiln Dust (CKD). As
discussed inthe previous section, o clinker production has taken placesince Q1 2017,
therefore there are no processrelated emissions from cement productionafter 2017.

2. Glass Production

Activity data including annual glass production data, cullet ratio, and natural gas
consumption were collected from the industries for 2017-2022. Using natural gas
consumption data and IPCC default emission factors for CO, content (i.e., 56,100 Kg
CO,/TJ) an industry-specific emission factor was estimated (i.e., Kg CQ/Kg glass
produced). IPCC euations 2.10 and2.11 were used to estimateGHG emissions from
glass production (Tier 2).

3. Ammonia Production and Methanol Production

Activity data, including annual production data for ammonia, methanol, andurea, annual
natural gas consumption by product (incuding LHVand carbon content data), CDR unit
production data, CO, consumed in Urea production and CQ consumed in Methanol
Production were collected from the industriesfor the 2017-2022 period.
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1 For CO, emissions from ammonia production , activity data were used to
calculate industry-specific parameters and emission factor (Tier 2)for IPCC
equations 3.1,3.2, 3.3, and 3.4 such asgedstock fuel forammonia production (in
GJtonne ammonia produced), carbon content of fuel (Kg C/GJ)IPCC default
value for theCarbon oxidation factorwas used.

1 For CO, emissions from methanol production , asimilar approach was
implemented to calculate industry-specific emission factor (Tier 2) for IPCC
equation 3.15 (i.e., tonne CO./tonne methanol produced).

1 For CHsemissions from methanol production, anIPCCdefault emission factor
of 2.3 kg CH/ tonne methanol produced was used (Tier 1)

4. Iron and Steel Production

Activity data including annual production data and natural gas consumption were
collected from the industries for 2017-2022. Due to the complexity of higher-tier
methods for this sector andthe lack of the required activity data IPCC defult emission
factors were used, except for pellet production,to estimate GHGemissions fromthe iron
and steel industryusing IPCCequations 4.12, 4.13, and 4.14

5. Aluminum Production

Activity data, including productionand type of technology, were obtained from industries

for the reportingperiod (20172022). All production trains were operated undern&cWPB-
PFPBHWaqUHSUYOYN! Wn Y Wa6 1Tkl ftbay RACO miethobalogy vep®k U N WG 1J |
applied to compute the emissions from this sector as follows:

1 CO.: Equation 4.20and default emission factor fromtable 4.10 (L.6 tonnes CQ/
tonne Al), from 2006 IPCC guidelines.

1 CF: Equation4.25-Updated and default emissionfactor from table 4.15-updated
(0.016 kg CFs/tonne Al), from 2019 IPCC refinement

1 C.Fs: Equation 4.25Updated and default emission factor from table 4.15
updated (0.001 kg GFs/tonne Al), from 2019 IPCC refinement

6. Refrigeration and Air Conditioning (RAC)

This sectionprovides an estimate ofGHG emissionsresulting from the use of fluorinated
substitutes for ozone-depleting substances ODS) using the IPCC Tier 1 methodology.
This approach relies on annual sales data at the national level, which ultimately reflects
imports, as Bahrain does not manufacture or export these chemicalsThe dataon
imports is provided by NOU.

Due to the lack of breakdown of thee gasesby application, emissions from this sector
are grouped and reported unden Y g Refriger@tionand R 1 K9 Y U 1. RaeBvériihe U N CO
same assumption was applied to the whole sector to compute the emissionas follows:
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1 The assumed equipment lifetime is 15 years, which is consideredan average
value as it canvaryfrom less than 5 years to more than 30 years depending on the
application and sector.

1 20% emission factor from installed base which is relatively high, due to the high
ambient temperature in the country.

1 0% of gasis destroyed at the end of life..

2.2.4 Waste Sector

2.2.4.1 Overview

As perthe IPCC, he Waste Sector in Bahraiencompassesthe following sub-sectors:

1. Solid Waste Disposal (SWD)

2. Biological Treatment of Solid WastéBToSW)

3. Waste Incineration(WI)

4. Wastewater Treatment and DischargéWWT&D)

Historically, Municipal Solid Waste (MSW) landfilling was the dominant waste
management practice in Bahraina major source of CH emissions. However, as part of
Bahraink Wadte Management Strategyleveloped between 2017 and®019, other waste
management practices are being implemented and gradually expanding such as
recycling and composting. The strategyaims atimproving waste managementpractices
in Bahrain, especially MSWdue to limited landfill capacity, limited land availability, and
to ensure sustainable waste mamgementin Bahrain.

Other waste management practices such as waste incineration, are applied primarily
for clinical waste and some industrial hazardous waste and WWTsludge. Moreover, all
the generated wastewater in Bahrain is collected and treated primarily in centralized
Wastewater Treatment Plants(WWTP$ and mainly discharged to the sea (up to 85%
discharge and ~15% reuse)

Further details on these sub-sectors are discussed in the following section.

2.2.4.2 Source Category Description

1. Solid Waste Disposal (SWD)

As shown inTable 4, SWDis the main ource of GHGsin the waste sectordue to the
historical dominance of landfilling practice. There aretwo landfills in Bahrain:

1 Askar Landfill, in which operations commenced in 1986 The landfill covers a
significant footprint (estimated at 400 ha) and is relatively shallow, with depth
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estimates varying between 5 to 20 metersThe site is currently the primary
disposal point for most wastes generated in Bahrain ands dedicated solely to
MSW andNon-Hazardous Industrial Waste KNHIW), which is mainly Construction
and Demolition Waste (C&D). Before Askar Landfill Wadi AtBuhair Site was the
primary disposal point, which isassumed to be unmanaged shallow SWDSThis
site has beenclosed and remediated to comply with environmental regulations
and isnow utilized for residential and commercial activities

Hafira Hazardous Industrial Landfill , in which operations commenced in 200.
The landfillis spread over a 150,000m2 area and has an estimated volume of
746,000 m3. The site consists of three primary cells with associated leachate
evaporation ponds, and isconstructed of a basal geotextile underlay, 1.5mm liner
and covering sand layerlt is dedicated only toHazardous Industrial Waste (HIW)
and Sludge

All the MSW generatedin Bahrain is collected and managed by the Ministry of
Municipalities Affairs and Agriculture (MOMAA in partnership with private service
providers for the provision of waste collection services Bahrain is making remarkable
strides in improving its waste management system, with a strong emphasis on
sustainability and reducing environmental impact. Bahrain's approach includes an
integrated mix of landfilling, recycling, and composting, each designed to enhance
resource efficiency and protect the environment

i Landfilling : Landfilling remains the dominant waste management method in

Bahrainto date. However, Bahrain is actively working on reducing its dependence
on landfills through increased recycling and compostingFurthermore, Bahrain is

exploring innovative wasteto-energy technologies, which will help transform

waste into renewable energy, further reducing the environmental footprint of
landfilling.

Recycling: Bahrain has taken significant steps to boost recycling efforts across
the nation. With an increasing awareness of environmental issuedBahrain has
rolled out several initiatives to encourage the separation of recyclable materials
such as paper, plastic, and metal. The establishment of dedicated recycling
centers and the expansion of curbside collection programs have made it easier
for residents and businesses to participate. Through these efforts, Bahrain is
steadily improving its recycling rate, with the aim of reducing the amount of
waste sent to landfills.

Composting: Toincrease landfill diversion, MUN commissioned a pilot unitin
2018with a total capacity of 10 tonnes per day, using windrow composting to treat
garden and park waste and produce fertilizer for agricultural use
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Furthermore, between 2017 and 2022, MoMAA conducted a comprehensive waste
characterization survey® to analyze and audit the composition of municipal solid waste
(MSW) in Bahrain in detail. A similar, though less detailed, survey had been conducted
earlier in 2003. The results from both surveys were summarized and reclassified to align
with the IPCC wase composition categories, as illustrated in Figure20.
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Figure20: Composition of MSW in Bahrain

NG WWHEE qINYIl ! Wb§ githé figureabivéindludediplastits aplass Lhetals,
electrical and electronic waste, and other miscellaneous/residual waste.

2. Biological Treatment of Solid Waste

Starting in 2018, MUN commissioned a pilot unitwith a total capacity of 10 tomes per
day, usingwindrow composting to treat garden and park wasteand produce fertilizer for
agricultural use. Between 2018 and 2022 ,he unitwas utilized at9%- 28% of its capacity.

3. Waste Incineration

Waste Incineration is applied primarily for clinical waste and part of the ndustrial
hazardous waste and WWT #udge. Industries generating hazardous waste are
responsible for themanagement of their waste streams (e.g., collection and treatment)
in cooperation with private service providers and under the supervision of the Waste
Management Section atthe SCE.Hazardous waste in Bahrain is typically treated by
either: incineration (e.g.,clinical waste and sludge),or Autoclave then landfilling (e.g.,
clinical waste and sludge).

(3) Due to the COVIEL9 pandemic, no waste characterization survey was conducted in 2020. Therefore, the municipal solid waste (MSW)
composition for 2020 is assumed to be the same as that of 2019.
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4. Wastewater Treatment and Discharge (WWT&D)

Domestic Wastewater Treatment PlantgWWTP$ are regulated andmainly operated by
the Ministry of Works (MW) in partnership with the private sectorThere arel7 domestic
WWTPs in Bahrain treating all the domestic wastewateand wastewater from small
medium industries (approximately %% of the inflowto WWTFs is domestic wastewater).
The total design capacity of those plants is more tha70,000 m*d, of which three are
large-centralized WWTPs accounting for ~91% of the total design capacity, namely: Tubli
WWTP (~200k riid, currently undergoing expansion to double its capacity; Muharraq
WWTP (100k rfid); and Madinat Salman WWTP (40k ).

All the large-centralized WWTPsand the vast majority of decentralized WWTPsare

treating wastewater to a tertiary level and producing water for reuse, mainly inirrigation

and landscaping. Large industries such as O&Gpetrochemicals, and aluminum have

their industrial WWTPstoq | ¢ qWURUT 2t ql Re¢ad W nniae 3JUqt We UT W R
effluent discharge standards.

2.2.4.3 Methodology

1. SWD, BToSW, and WI

The First Order Decay (FOD) metho$ used toestimate emissions from SWD.To run the
FOD model, a comprehensivevaste model for Bahrain coveringyears between 1970to
2022 was preparedby the CCSDusing:

{ Activity data collected from MOMAA,GA andE9Q Ek t Ws ¢t ql Wi ¢ U,ecnaGuo
including statistics on:
- Municipal waste collected from households (MSW) between 2002022

- Municipal waste collected from other origins (commercial & NHIW)
between 20002022

- Waste management method (recycling, composting, incineration,
landfilling, other) between2000-2022.

- Composition of MSW sent tdandfill between 2017-2022 and landfill type.
- Sludge generated and management method betweef020-2022.

- Hazardous industrial waste generated and managementmethods
between 20172022 and landfill type.

- Population (1991-:2022) and GDP (201-r022)
1 Proxy dataused to estimate activity data back to the year 1970 including:

- Population 19701990 fromthe UN Stats website
-  GDP 19762010 from UN Stats website
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- Estimated Generation rates per capita for MSW, sludge, and medical
hazardous waste (based on collectedactivity data)

- Generation rates per GDP for nothazardous and hazardous industrial
waste (estimated based on collected activity data)

Historical data for population and GDP used in the model argahown in Figure21.

Population (Million)
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Figure21: Historical data for population andGDP.

Using the activity and proxy datadiscussed above, waste quantities by type were
estimated as illustrated in Figure22.

MSW (Actual) - - = = MSW (Estimated)

NHIW (Actual) — — = NHIW (Estimated)

Sludge (Actual) - - - - Sludge (Estimated) HW (Actual) HW (Estimated)

-

—_— —— — —
- S —

Figure22: Historical data for waste generatiorby type.

Thewaste model's output (i.e., activity data) was fed into the IPCC software, and default
Emission Factors (EFs) were used to estimate emissions fromSWD, BToSW, and Wi
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2. WWT&D

Activity data was collected from the iGA, large industries,¢ U1 LI E En@Erénimental
Inspection Section, including statistics on:

- Population (1991-2022) and percentage of the population connected to
wastewater network (2000-2021)to determine the income group (Urban low vs.
Urban high

- List of WWTPs with their capacitiestreatment technology, average discharge
volumes, and effluent quality (e.g., BOD

- List of industries and volume of theirtreated wastewater discharge into marine
(asshown inFigure23), treatment technology, sludge volume,and effluent quality
(e.g.,CODand N)

Proxy datausedincludes:

- Annual per capita protein consumption from FAOSTAT.com to estimate 20
emissions from domestic WWTPs.

760

740

720
700
680
660 I
640

Figure23: Average wlume of treated industrial WW discharged in thesea.

Avg. IWW discharge (Million &yr)

Thecollected activity data was fed into the IPCC software, and defaulemission factors
were used to estimate emissions from WWT&D.

2.2.5 Agriculture, Forestry and Other Land Use (AFOLU) Sector

The agriculture sector in Bahrain plays a relatively small role in the national economy,
contributing primarily through crop production, livestock farming, and aquacultureDue
to its arid climate, Bahrain faces significant challenges such as water scarcity,
salinization, and limited arable land, which constrain agricultural activities According to
the land use statisticsby the Urban Planning and Development Authority (UPDAground
3.17% of the total land areais classified as agriculture areas.
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/8.A wlLivestockw W s ¢ + W 1J tusing the Teld1 dfproach using livestock statistics
provided byiGA, including cattle, sheep, goats, camels, horses and paultry. 13.C.3 W
Ol 1J¢ ¢ GG rstimaied bagad on annual urea local sales provided by the
petrochemical industries. Other AFOLUsub-categories, including the entire LULUCF
sub-category, are considered insignificant as their emissions are likely to be below
0.05% of the national total Accordingly, these subcategoriesare not estimated.

2.3 Key Category Analysis (KCA)

Key Category Analysis (KCA) was conducted following the 2006 IPCC Guidelines,
employing both Level and Trend Assessment approaches for the initial and most recent
reporting years of the inventory. Emissions from the LULUCF sector were not estimated
due to their insignificance, as outlined in paragraph 32 of decision 18/CMA.1 annex.
Consequently, the KCA results are identical with and without the inclusion of LULUCF.
Table8, Table9, andTable10 presentthe key categories identified in both level and trend
assessments for the starting and latest inventory years.

Table8: Key Category AnalysisLevel Assessmentfor Year2017

IPCC Category e I e om ool
1.A.1 Energy Industries Gaseous Fuels CO2 14,003 41.6% 41.6%
1.A.2 Manufacturing Industries& Construction - Gaseous Fuels CO2 7,814 23.2% 64.8%
1.A.3.b Road Transportatior: Liquid Fuels CO2 2,934 8.7% 73.5%
1.B.2.b Natural Gas CH4 1,578 4.7% 78.2%
2.C.3 Aluminum production CcO2 1,570 4.7% 82.9%
2.C.1 Iron and Steel Production CO2 1,317 3.9% 86.8%
4.A Solid Waste Disposal CH4 1,129 3.4% 90.2%
2.F.1 Refrigeration and Air Conditioning HFCs, PFCs 699 2.1% 92.2%
1.A.5 NonSpecified - Liquid Fuels CO2 688 2.0% 94.3%
2.B.1 Ammonia Production CO2 278 0.8% 95.1%
All remaining categories Multiple 1,646 4.9% 100.0%
Total GHGemissions (GgCO:e) Multiple 33,656 100% n/a

Table9: Key Category AnalysisLevel Assessmentfor Year2022

IPGC Category oie I e om  dsoftotm
1.A.1 Energy Industries Gaseous Fuels CO2 13,716 35.4% 35.4%
1.A.2 Manufacturing Industries& Construction - Gaseous Fuels CO2 10,554 27.2% 62.6%
1.A.3.b Road Transportatior: Liquid Fuels CO2 3,156 8.1% 70.7%
2.C.3 Aluminium production CO2 2,560 6.6% 77.3%
2.C.1 Iron and Steel Production COo2 1,911 4.9% 82.2%
1.B.2.b Natural Gas CH4 1,852 4.8% 87.0%
2.F.1 Refrigeration and Air Conditioning HFCs, PFCs 1,228 3.2% 90.2%
4.A Solid Waste Disposal CH4 1,165 3.0% 93.2%
1.A.5 NonSpecified - Liquid Fuels CO2 589 1.5% 94.7%
1.B.2.b Natural Gas CO2 320 0.8% 95.5%
All remaining categories Multiple 1,735 4.5% 100.0%
Total GHG emissions (GgCOz¢e) Multiple 38,787 100% n/a
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Table10: Key Category AnalysisTrend Assessmentor Years2017-2022

2017

2022

1.A.1 Energy Industries Gaseous Fuels CO2 14,003 13,716 7.2% 36.1% 36.1%
A2 Manufaciring Industriest co2 7814 10554  46% 23.1% 59.2%
2.C.3 Aluminum production CO2 1,570 2,560 2.2% 11.2% 70.4%
2.F.1 Refrigeration and Air Conditioning HFCs, PFCs 699 1,228 1.3% 6.3% 76.7%
2.C.1 Iron and Steel Production COo2 1,317 1,911 1.2% 5.9% 82.6%
Ilz.l;l;.l?;.b Road Transportatior: Liquid CO?2 2.934 3,156 0.7% 3.4% 85.9%
1.A.5 NonSpecified - Liquid Fuels COo2 688 589 0.6% 3.0% 89.0%
1.B.2.b Natural Gas CO2 159 320 0.4% 2.0% 91.0%
4.A Solid Waste Disposal CH4 1,129 1,165 0.4% 2.0% 93.0%
|23.rlz.(j3uIztziatt)rr:)chemical and Carbon Black co?2 269 243 0.2% 1.0% 94.0%
1.B.2.a Qll CH4 239 214 0.2% 0.9% 95.0%
All remaining categories Multiple 2,835 3,130 1.0% 5.1% 100.0%
Total GHG emissions (Gg CQe) Multiple 33,656 38,787 19.9% 100% n/a
2.4 Uncertainty Assessment, Time-series Consistency, QC and

Verification

As thenational actor with overall responsibility forcompiling the national GHGinventory,
the CCSD engaged in various Qualitative Control (QC) procedurdlroughout the
compilation process to enhance data reliability. These procedures mcluded technical
reviews of categories, activity data, emission factorsand estimation parameters, as well
as identifying reporting errors cross-checking data sources and analyzingsupply and
demand balances. Data verification involved comparing internal calculations with those
from data providers. A more detailed discussion of QC and verification proceduresan

be found in Sectionl.3.

Furthermore, the CCSD conducted a qualitative uncertainty assessment for each GHG
category in the inventory. There is high confidence in the accuracy of the activity data.
Comparisons were made between data sets obtained from data providers and the iGA.
As the centralized national data collection agency, the iGA has wekstablished data
collection procedures and networks. National statistics on consumption and production
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of different sectors were also compared with the sectoral aggregates obtained from
individual data providers.

To ensure timeseries consistency,the same methodology and data sources were used
to calculate emissions and removalsin all years across the reporting period (202-2022).
Thereis no use of surrogate data nor interpolation or extrapolation of activity dataxcept
for historical waste quantities, whereby data wasextrapolated. To ensure the accuracy
of this extrapolated data,splicing techniques were applied.

2.5 Common Reporting Tables (CRTs)

The Common Reporting Tables (CRTSs) of the national inventory greenhouse gases report
are included infdinnex 1:Common Reporting Tables (CRTspf this report.
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3. CHAPTER 3: Information Necessary to Track Progress Made in
Implementing and Achieving NDCs

3.1 Description of Bahrain’s NDC

In 2021, Bahrain submitted an updated Nationally Determined Contribution (NDC) to the
UNFCCC in demonstration of itsdedication towards strengthening the collective global
response to climate change and climate change impacts.

Bahrain focused its NDC on adaptation actions and economic diversification measures

with mitigation co-benefits. N6 Rt W¢ GGl Ye HE WI DHYNRURAWDY W7¢61 ¢RI
as a small, low-lying island developing statethat is alsoreliant onthe income generated

from its energy sector It also acknowledges that Bahrain is vulnerable not only to the

adverse impacts of climate change but also to the potential impacts of response

measures. By focusing on adaptation actions and economic diversification measures

with mitigation co-benefits, Bahrain intricately balances achieving the objectives of the

Paris Agreement as well ashe broader goals ofsustainable development.

Theplans and activitiest 1Jq WY 2 q WR U Lrelatestd fouRKdareds 2 9 L
1 The National Renewable Energy Action Plan (NREAP)
1 The National Energy Efficiency Action Plan (NEEAP)
1 The National Plan for Afforestation
1 MangrovesHabitats

In its NDC, the Kingdom of Bahrairhighlighted that the domestic actions it has
communicated are voluntary in nature and are to be implemented in accordance with
UNFCCC principles and provisions. It alsdnighlighted that the extent to which it will be
able to meet its obligations also highly depends on the level of international support in
means of implementation, including finance, technology transfer, and capacitybuilding.

Moreover, 7 ¢ 6 1| ¢ RUK 't W 29 WI It I 213t WaqéWW!l RN6qWaVY WU
cooperative approaches that involve the use of internationally transferred mitigation

outcomes (ITMOs) as per Article 6 of the Paris Agreememior the Kingdom of Bahrain

such cooperation and cooperative approaches will be mulimetric in their nature and

include not only GHG but also other related parameters such as renewable energy,

energy efficiency etc. The Kingdom has not engaged in any such approae$ in the

reporting period covered by this Biennial Transparency Report.

A generaldescription of 7 ¢ 6 | ANRT i& provided inTable 11. Details on the progress
made with respect to each NDC activity are provided in the sectiondat follow. This
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information should be read in conjunction with the correspondingCommon Tabular
Format (CTF}ables (SeeAnnex 2.
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3.2 National Circumstances and Institutional Arrangements

The rational circumstances, institutional arrangements and legal frameworkselated to
tracking progress in implementing and achieving NDCs are described under Chapter

As detailed in Section 1.3, the Climate Change and Sustainable Development
Directorate (CCSD) within the SCE is the technical body responsible for climate change

related matters, focusing on both climate mitigation and adaptation. In this role, the

CCSD tracks progress on ND@elated activities by collecting data directly from the
BUgqRqRIJt W Ut GYUt RAGUWnY! WadWRI WRAGGOWAaWUaqe qRY
mandate, the information necessary to track progress is obtained internally. The data

providers for this specific chapter include the Ministry of Municipalities Affairs and

Agriculture and the Ministry of Electricity and Water Affairs.

Furthermore, it is important to note that each NDC activity has its own institutional
arrangements and oversight processes. These arrangements af@ther elaborated onin
the sections dedicated to each respective activity.

3.3 Information Necessary to Track Progress Made in Implementing and
Achieving NDCs

3.3.1 Economic Diversification Plans with Mitigation Co-Benefits

7¢61 ¢cRUkKt W 29Wt gt WYeqWaqddW ¢qRYUcaWEUWI Nt U
National Renewable Energy Action Plan (NREAP) as economic diversification plans with
mitigation co-benefits. Both plans were developed in 2017 by the Sustainable Energy

Unit (SEU).

The SEU was initially established in November 2014 as a joint initiative between the
Government of Bahrain, represented by the Ministry of Electricity and Water Affairs
(MEWA) and the United Nations Development Program (UNDPIhe key objectives of the
SEUunit were to develop a cohesive and sustainable energy policy and to promote
renewable energy and energy efficiency in the Kingdom of Bahrain. The Unit also veark
towards bridging the legal, institutional, and capacity gaps to ensure the Bahrain energy
sector is capable to meet future challenges.

In 2021, the SEU transitionedo become the Sustainable Energy Authority (SEA¥ per
Royal DecreeNo. 87 of 2019 Further to that, in January 2022, RoyBlecreeNo. 3 of 2022
was issued, transferring the tasks and powers of th&EAto the Ministry of Electricity and
Water Affairs(MEWA) The MEWA, through the General Directorate of Energy Efficiency
(GDEE), has since become the entitpnandated to lead and promote energy efficiency
practices, transfer and diffuse renewable energy technologies, and draft rated policies
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and regulatory frameworks in close coordination with stakeholders and partners in the
Kingdom of Bahrain

The GDEE works to provid&echnical support and coordination between governmental
and nonrgovernmental agenciesfor renewable energy andenergy efficiency initiatives

and follows up on the implementation of the policies, projects, and initiatives under the
National Renewable Energy Action Plan (NREAP) and National Energy Efficiency Action
Plan (NEEAP).

The Implementation FollowUp Committee (IFC), chaired by the Minister of Electricity
and Water Affairs and composed of officials from various Ministries and government
agencies, discusses the progress of implementing these action plans and initiatives.
Committee members include representatives from the Ministry of Works, the Ministry of
Industry and Commerce, the Ministry of Transportation and Telecommunications, the
Ministry of Housing and Urban Planning, the Electricity and Water Authority, the Cagita
Municipality, the Ministry of Finance and National Economy, the Ministry of Oil, the Prime
~RURYt qJIl Kkt W8N NnRANAWE UT Wa6 JWEa Gl 3G W9 Ye UHRG WnN

3.3.1.1  National Energy Efficiency Action Plan (NEEAP)

Launched in 2017, theNEEAPRsets a national target of reducing energy consumptiofi.e.,
electricity consumption) by 6% in 2025 and identifies various initiatives to improve
energy efficiency.In its pursuit of enhanced energy efficiency, the NEEAP offers a range
of benefits, including promoting more efficient electricity use, optimizing the use of
natural resources, reducing peak electricity demand, and improving energy security in
the longterm. In this context, energy efficiency means using less energy for the same
output or service, and in some cases, this can also improve the service itself. For
example, replacing traditional incandescent lamps withenergy-efficient LEDs lowers
electricity consumption and thus lowers GHG emissions, while also providing higher
quality lighting.

Insettingq6 W EE AWgecl DUqAWqS8JWEEOWHEY DT WRat wWe Ue
demand for the years 2020 and 2030, considering three growth scenariiew, medium,

and high), starting from 2013 Theprojected electricity demand took into consideration

projections of population growth, economic development, and the expansion of

industries connected to the national grid The targeted 6% reduction of electricity
consumption represents the savings achieved in comparison to the projected electricity

demand in themedium scenario.

This target ishased on7 ¢ 6 | cemetdy Hallihce statisticscompiled by the International
Energy AgencyIEA) on thecumulative amount of electricity consumed between 2009-
2013(i.e., five yearg, which is equivalent t096,527 GWh
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The indicator selected to track progress in implementing and achieving the NEEAP under

the BTRis the percentage reduction in actual electricity consumptio n. This indicator

is relevant to the NDCcontribution ¢ + WRaqlWaql ¢ H#t + WGI YNNI Ittt WqVYscl
target and reflects improvements in energy efficiency, demonstrating the effectiveness

of measures taken to reduce electricity consumption, without degrading the quality of

the final service or product.

Thisindicator is calculated as follows:

ARAT 1w A AR RH

P TA"FP\"H’M ™ ER1 P
Where:
- REC means Reduction in Electricity Consumption in %
- 06 i GQOHT ¢ QACOANED K Q6 6 ME'QLeEd ¢ QBN O 0 FBEOGQ

- 006 i 4 QONDIOO VG & OO0 HIEHIQO 6 MEQLFQE0WQ

- 96,527 GWhis the cumulative amount of EC between 2002013

The target level for this indicator iset at 6% reduction, in line with the NEEAP targehe
6% reduction target is equivalent to 5,792 GWh saved in 2025

Based on this indicator, electricity consumption was reduced by 2.41% in 2021. This
number increased to 3.03% in 2022, equivalent to 2,922 GWh reaching approximately
half of the target level of 6%.

Bahrain has made notable progress in enhancing energy efficiency, with key
contributions resulting from major reforms in electricity production and upgrades in the
industrial sector. A range of policies that enhance energy efficiency across various
sectors have also been implemented over the years. These efforggimarily focus on the
electricity sector, the building sector, and appliance regulation, each targeting specific
areas for optimization.A summary of these reforms and policies are summarized below

Electricity Production Reform

With regards to electricity production, reforms have involved retiring old facilities,
upgrading existing technology and establishing new power stations. For example, Sitra
power station, which commenced operations in 1975, was retired in 2021. In the same
year, Riffa power station ceased operations and was transitioned to a staraly facility,
with a downscaled capacity of 450 MW from 700 MW. These are significant
developments as the combhed capacity of both facilitiesT totaling 850 MWT previously
accounted for over30% of installed capacity of electricity generation infrastructure, prior
to the commissioning of new facilities in 2009.
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Additionally, two new power stations have been gradually introduced to the electricity
supply between 2010 and 2022r namely Al-Dur 1 and AIDur 2T in the south of the
country. These two power stations have a total capacity of 2,724 MW and amount to more
than 50% ofthe current installed capacity. These measures, along with the upgrades in
the other existing facilities, have contributed to significantly enhancing the efficiency of
electricity production in the Kingdom as evidenced inFigure24.
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Figure24: Energy intensity of main electricity production iBahrain.

In the industrial sector, developments in energy production have contributed to energy

efficiency efforts. A prime example is that of Alba (Aluminium Bahrain B.S.C.), a local
aluminum smelter that currently contributes to approximately one third of nationhGHG

emissions. In 2018, Alba expanded its operations by increasing its capacity by 50% after

HYUL ql eHqRUDWE W R+ q6 WGYqid RUWWRULWSs 6 ¢ qWRY Wt UYs
this expansion, in 2018, Alba launched the operation of aew 1,792MW power station

that uses a highly efficient generator and shut down two older power stations in 2020.

N6Rt WI Ut edqlT WRUWe Wt RN URatuRAGas) @lG)&dGschptivg 13 G 130 q U
intensity, which decreased from 8.85 to 7.25 MMBTU/MWh between 2016 and 2022.

Moreover, Bahrain has implemented a range of policiesver the years tcenhance energy

efficiency across various sectors. These effortsprimarily focus onthe electricity sector,

the building sector, and appliance regulation, each targeting specific areas for
optimization. These policies are briefly summarized below.

Electricity Policies

OUT Ul WaqdélWWaWHl RARq! Wt UAqYI!I AW 7¢61 ¢cRUKE WAY
Metering Program and Electricity Transmission and Distribution (T&D)Efficiency
Program are three key policies to enhancing energy efficiency.

The objective of the Power Factor Correction Program is to enhance the power factor of
electrical installations to achieve a value of 0.9 or higheThe power factor is the ratio of
working power to apparent power. Aigher power factor leads to a more efficient use of
electricity, low voltage drops, and reduced overheating of equipment. Thiprogram
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effectively puts Ministerial Order No. 4/2011 into practice, which mandates the overall
power factor for customer electrical installations not fall below 0.9,otherwise the excess
reactive power consumption will be calculated based on a power factor value of 0.9. This
effectively leads to better utilization of power plants and transmission lines which, in
turn, results in improved operational efficiency and energy savirgy Theprogram has
been applied across industrial, commercial and government sectors snce February
2011. In cases where the power factor is less than 0.9, any excess reactive power used
incurs a charge which is included within a monthly customer bill.

The Smart Metering Program deploys smart meters in consumer households, leading to
several benefits including more accurate meter reading, more efficient billing, an
enhanced ability to manage debtors and a better ability to manage daytime consumption
peaks and electricity consumption through the use of reatime pricing. Consumer
energy efficiency has undergone a digital transformation, with smart meters now
covering approximately 97% of all meters.

Finally, the Electricity T&D Efficiency Program aims to enhance the efficiency of the
transmission and distribution system and mitigate losses through network upgrades,

capacitor banks, and efficient electricity transfer from generation to consumption. These
improvements aim to keep g HUWs RqéW7¢61 ¢RUkKt WYUNRYRUNDW WI#H
establish and modernize infrastructure to ensure the efficiency, reliabilityand quality of
qélWrY2Uql ! Kkt WYGUH!I RAcCOW 't qddlo

Building Sector Policies

A suite of policies targeting the electricity usage of buildings have been rolled out over
the years. These policies target residential, commercial and public buildings and include
thermal insulation regulations, green building initiatives, and appliance egulations,
among others.

Thermal insulation regulations mandating the insulation of buildings above five stories
and setting minimum efficiency requirements for residential and commercial building
envelopes were introduced in 1999 and amended in 2012 and in 2018. Thevélue of
roofs and walls has decreased by 50% and 25%, respectively, since the launch of the
regulations in 1999. As Wvalue decreases, the heat flow into the building decreases and
insulation increases, thus improving insulation and reducing cooling load requiremest
Since 2012, thermal regulations have applied to all aiconditioned building types,
including those below five stories. Maximum Wvalues are specified for roofs, wallsand
glass surfaces and all facades, surfacesand balconies exposed to external weather
must also be insulated. Moreover, building permits are not to be issued unless the
He R Ré&lue isladpioved by EWA.

Moreover, he Green Building Code (GBC)ssued in 2019, contributes to improving the
performance of buildings by reducing energy and water consumption, in addition to
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reducing greenhouse gas emissions and improving public health, safetgnd well-being

in buildings. The GBC aims to set clear guidelines for the design and construction of new
buildings in Bahrain to ensure achieving the minimum level of energy efficiency. It
focuses onfive categories: (1) Environment and Planning; (2) Building Vitality; (3) Energy
Efficiency; (4) Water Conservation; and (5) Materials and Resources.

In addition to these efforts, Bahrain is also in the process of developing a Green Public
Procurement Manual that requires all ministries and governmental authorities to
prioritize sustainable and energy efficient products when purchasing equipment,
services, and products.

Appliance Policies

Implementing energy performance standards for households and commercial
appliances or equipment used in buildings prevents the needless waste of energy and
contributes to reducing energy consumption and associated emissions.

Bahrain is characterized by high temperatures, especially during the summer, when
temperatures frequently exceed 40°C. Consequently, a significant part of annual
electricity use is attributed to air conditioning and tackling he energy efficiency of air
conditioning is of particular importance.

In 2015, Bahrain launched a star labelling program and minimum energy performance
standards (MEPS) for small capacity air conditioners. The MEPs set the minimum energy
efficiency level that equipment must meet and the energy labelling program rates
appliances from 1 to 6 based on their energy performance, with higher star rating
indicating higher energy efficiency.The MEPS scheme for air conditioners became
mandatory from 2016 and wasupdated in 2017, and again in 2023. The MEPS scheme
and energy labellingprogram covers all air conditioning used in residential commercial
and industrial sectors with nominal capacities less than or equal to 65,00 Btu/h.

In 2023, Bahrain launched MEPs for large capacity air conditioners with a cooling
capacity greater than 65,000 Btu/h.The program covers all type of large capacity
cooling devices including chillers, Variable Refrigerant Flow (VRFs) and condensing
units.

Apart from air conditioners, Bahrain also introduced functional and efficiency
requirements for lamps in 2015. The regulation covers various types of lamps, including
LED, discharge and filament lampsThe lamp efficiency requirement in the regulation is
based on the maximum rated power of the lamp for a given rated luminous flux. In simpler
terms, if a lamp can provide higher luminous flux at a lower maximum rated power, it is
considered more efficient, as it produces more visible light with less power
consumption. Lamps that comply with the lamp efficiency requirement in the regulation
can be marketed as energysaving lamps.
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Energy efficiency policies in lightingalso include regulations that ban the use of
incandescent lamps in Bahrain. Ministerial Order No. @4/2013 mandates the
replacement of incandescent and halogen lamps in government buildings with energy
efficient alternatives in 2014, and Ministerial Order No. 3/201%stablishes market
regulations that effectively phase out the use of incandescent lamps of nodirectional
household lamps, including when they are marketed for noimousehold use or when they
are integrated into other products.

Transport Sector

Bahrain has strived to enhance energy use in the transport sector by investing in
technology and influencing driver behavior and choices.

In 2015, Bahrain made significant investments to improve its public transport network.
N6WWHY2Uql ! kt WAzt WOWqs YI t Wset WIFqUT T We UT W
fuel-efficient, Wi-Fi-enabled buses, making public transportation more accessible,

affordable, and convenient. These improvements have expanded coverage to service of

a wider percentage of the population, with increased frequency. The number of buses

sct WPFGeUT PT WnI YOW=ZPWqYWNIAOMAWHYUUDHEqRUNDW 2
governates through more than 600 bus stops.

In the same year, the Ministry of Industry, Commerce and Tourism promulgated fuel
consumption labels, enabling consumers to make more informed decisions and
fostering demand for vehicles with better fuel efficiency Light-duty vehicles weighing
less than 2500 kg are required to have a fuel consumption label. The efficiency parameter
for the label iskilometers per liter, and fuel consumption is measured according to the
New European Driving Cycle (NEDC) or Corporate Average Fuel Economy (CAFE) norms.

In 2021, Bahrain launched electric vehicle regulations to specify the functional, safety,
and electrical performance requirements for electric vehicles (EV) and associated
charging stations. The regulation applies to all electric vehicles with a weight up to 3500
kg andrequires all electrical cars to carry an electrical performance label. The energy
efficiency parameter for the label is measured in Wh/km as per standardized test
conditions and at a temperature of 45°C outdoor temperature.

To further encourage the uptake of electric vehicles, MEWA is working to issue an EV
Strategyand plans to install five of the fastest EV charging station technologies available
to date. These stateof-the-art charging stations will be strategically located across all
governorates of Bahrain, ensuring that EV users have convenient access to rapid
charging faciities.
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3.3.1.2  National Renewable Energy Action Plan (NREAP)

Launched in 2017, the NREAP sets national renewable energy targets of 5% and 10% for
2025 and 2035 respectively. These targetswere determined based on the projected
peakload demand.

In settingthe NRE A llgc¢ | NUaqAWqé IWE E O WH projétiedleRojricitic U¢ G !
demand for the years 2020 and 2030, considering three growth scenariew, medium,

and high), starting from 2013 The projected electricity demand took into consideration
projections of population growth, economic development, and the expansion of

industries connected to the national grid.

The indicator selected to track progress in implementing and achieving the NREAP under
the BTRIis the percentage of renewable energy installed capacity . This indicator is
relevant to the NDCcontribution related to the NREAP ast tracks progress towards
¢cH6RII2RUNWaq 6 I Mhe feferenbeyeailfgrdhis ilaator is 2010, whereby the
total renewable energyinstalled capacity was equal to 0 MW. The reference point for this
indicator is 0%.

This indicator is calculatedas follows:
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The renewable energy options identified and prioritized by the NREAP primarily include
solar, wind and wasteto-energy. Biomass and geothermal energy are also mentioned as
other renewable sources, albeit with no or very limited resource supply potential.

The total percentage of renewableenergyinstalled capacity reached 0.43% in 2021 and
nearly tripled in 2022, to reach a total of 1.26%. This percentage encompasses several
renewable energy installations across various sectors, including educational,
agricultural, healthcare and retalil.

Yq¢cHINUWG!I YTWUHqt WRUAG2T DWaq6WW7¢dl ¢ROWTF UOqul U
AyrecawovaaunuWnyYl WEel NUWYUt WYnWfl ¥YacUl kt+ Wt Ya
AIBURUY 2 0 ¢ W[ -nbudtédisdlanRVlantl The government sector in Bahrairah
also been proactive, initiating the installation of solar systems on their premises to
promote sustainability and reduce electricity costs. In this context, among the
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successful accomplishments to date has been the installation of solar PV systems on
the roofs of numerous government schools.

Several governmentled major renewable energy projects are currentlyunder

development. These projects includea 72-MW multi-site solar PV project located in

Sakhir,which comprises rooftop, ground-mounted, car park solar power systems andeV
charging stations at Bahrain International Circuitthe University of Bahrain, Exhibition
World Bahrain and Al Dana Amphitheatreas well as a 100MW standalone solar power
plant in Askar.

The NREARs underpinned by three key policies that aim to drive progress towards the
established renewable energy targets and attract private sector investment in renewable
energy technologies. These three policies are: net metering, renewable energy mandates
for new buildings and tenderbased feedin tariffs.

Net Metering

The net metering policy enables residential, commercial, and industrial customers to

generate and consume electricity onsite by installing renewable energy systems on their

premises and exporting the excess electricity to the national grid. Customers ailled

nYl WYOG! W WWh Uk WU N! Wet YT AWe#AHYI T RUNDWqY
the Government. The excess electricity produced is credited in the next billing period.

The net metering policy was launched in 2017.

Since 2021, the net metering service has become available through Benayat, a digital
platform which allows individuals and institutions to submit their requests to install solar
energy systems online. By the end of 2023, approximately 59.3 MW of renewableergy
projects were installed, the majority of which are connected to the national electricity
grid through the net metering scheme.

Renewable Energy Mandate for New Buildings

Launched in 2019 under the Green Building Code, the renewable energy mandate for new
buildings and real estate developers encourages the integration of renewable energy
technologies in the building design, such as roefop PV, building integrated PV, solar
water heaters, and urban wind systems. The generated renewable energy is consumed
on-site; and the excess electricity will be fed to the grid according to net metering
regulations.

Tender-based Feed-in Tariff

The tenderbased feedin tariff allows private players and developers to develop
renewable electricity generation projects and participate in a bidding process for feeth
tariffs. The participating bidders are assessed, and the awarded bidder is selected
through a competitive procurement and evaluation process. This approach allows the
government to promote renewable energy projects at the best price.
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Public-Private Partnerships

In addition to these key policies, key efforts have centered on enhancing the involvement
YnlWaqd JWGI R2¢ qlWt UHqY! WRUWq6 YW WOWs ¢ HGWWIUWII T
of the BOOM (Build, Own, Operate, Maintain) model for installing PV systenmn

government premises. This publieprivate partnership framework allows the private

sector to install and operate PV systems, providing electricity at a fixed tariff f@0 years

which is expected to be lower than the existing electricity tariff. This adel alleviates

financial burdens on government while effectively utilizing governmendwned land and

rooftops, thus addressing the limited land challenges faced by small island states.
NecadtuyuoAaw7eél ¢cRUkt WO¢cqRYUCOGWaEHY!I Wne Ul AWGEt L
to launch the Solar Financing Scheme. The Scheme empowers and enables enterprises

to purchase PV systens to generate energy to help reduce their operating costsThe

amount of funding ranges between 5,000 BHD and 500,000 BHD with a repayment period

Ynlle GWagYWNMW! B¢l + AWe UT We WNI ¢ HRIWGKI RYT Waé6 ¢ aqkt

Moreover, the Ministry of Water and Electricity Affairs is also working tstblishing a
Renewable Energy Certificates Platform, which aims to develop an auditable renewable
energy certification platform compatible with the International Renewable Energy
Standard (FREC) This platform will provide a mechanism for tracking and trading
certificates of renewable energy certificates and serve as a significant incentive for
investors by enhancing the value and feasibility of renewable energy projects in Bahrai
thus encouraging greater uptake and growth in this field.

3.3.2 Adaptation Actions with Mitigation Co-Benefits

As part of its NDC, theKingdom of Bahrain communicated two adaptation actionswith
mitigation co-benefits: one focused on afforestation and the otheron mangroveplanting.
The Ministry of Municipalities Affairs and Agriculture is leading the implementation of
both these actions.

~YI JY2131 AW 7 ¢Gat anpdnted! thAt th2 Extent to which it will meet its
obligations under the UNFC, across mitigation and adaptation is contingent onthe

availability of means of implementation. The implementation of tree and mangrove
projects has commenced with the understanding that they may be financed through
other sources than the public budget, for example, through carbon markets.

3.3.2.1  The National Plan for Afforestation

The National Plan for Afforestation aims to increase green areas in the Kingdom of
Bahrain, by doubling the number of trees from 1.8 million to 3.6 million by 2035. The Plan
was launched towards the end of 2021, with a starting year of 2022. The baseline the
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2035 contribution is 1.8 million trees, as this is the number of trees in 2021, which is the
designated reference year.

The indicator selected to track progress of the National Plan for Afforestatioimder the
BTRis the number of trees planted , which captures the total number of trees planted
as a cumulative This indicator relates to the NDC as it tracks progress of the tree
planting efforts of the National Plan for Afforestation, which is included as part of the
29kt WeTl ¢Gace qRYUL ¢ H qRenddits. LThse Rejefelitd poantRfay cthipR Y U LW #
indicator is zero trees.
To optimize afforestation efforts, the National Plan for Afforestation relies on thermal
satellite imagery to identify heat hotspots in the Kingdom of Bahrain that would benefit
from increased tree planting. In addition, it specifies a selection of tree sgries well-
suited to Bahrain's specific environmental conditions and its arid climate, higksalinity
soils, and limited water resources. Emphasis is also placed on treevarieties with large
green canopies due to their ability to combat urban heat islandffect.

The Ministry of Municipalities and Agriculture Affairs is responsible for implementing the
National Plan for Afforestation Implementation is executedin coordination with various
sectors within the ministry, including Municipal Affairs, Agriculture Affairs, andll four
municipalities in the Kingdom T namely, the Capital Municipality, the Muharraq
Municipality, the North Area Municipality, and the Southern Municipality.
Implementation is also supported by collaboration with nonrgovernmental
organizations, most notably the Nationallnitiative for Agricultural Development (NIAD)

Launched in 2010 by Her Royal Highness Princess Sabeeka bint IbrahimKkhalifa,

Consort of His Majesty the King and President of the Supreme Council for Women, NIAD

CROt WagYWnedGnROOWc I shfdgifardingabdadvdhding tie agriculiaRt RY U LY
sector.

NIAD has adopted an inclusive approach to its campaigns, fostering collaboration
among public and private sector entities and civil societyA notable success of NIAD has
been facilitating connections between public sector entities and private sector
financers. This involves identifying locations requiring trees but lacking necessary
funding and reaching out to potential private sector sponsorsOnce a private company
expresses such interest, NIAD communicates with the relevant municipality and
contractor to commence the project and organizesor press coverage aninauguration
event, and permanent signage indicating sponsorship.
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Figure25: National Initiative for Agricultural Development "Forever Green" treplanting campaign.
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planting projects and promotng environmental sustainability by expanding green areas

within public spaces and facilitating cooperation between different actors In addition to

its environmental goals, the campaign has played a crucial role in raising public
awareness about the importance of agricultureand greeneryand their vital contributions

to the Kingdom

As of 2022, a total of 150,000 trees were planted since the launch of the implementation
of the National Afforestation Plan. Planting locations include public parks, walkways,
public transport stations, health centers, schools, waterfronts, and public road.

3.3.2.2  Mangrove Habitats

The NDC component on mangrove habitats lists several strategies and activities that
were under consideration to enhance the resilience of mangrove habitats in Bahrain.
These activities include:

i Establishing an observatory in Tubli Bay to strengthen existing observation
systems to betterunderstand ecological services provided by mangrove habitats
in the area

T 91 VecqRUNDWE WHGe2 WWHe! AYOWRU2WUqY! ! WagVYWcecana
tracking system to estimate and document carbon pools/fluxes in Tubli Bay
consistent with international methodological guidance.

i Ecosystem valuation to introduce economic valuation as a basis to account for
the value of the market (i.e. tourism) and nommarket (i.e. regulating, provisioning,
supporting) services that the Tubli Bay mangrove habitats provide.

i The Mangrove Transplantation Project

After consideration, the Bahraindecided to prioritize implementation of the Mangrove
Transplantation Project due to its more immediate impact on mangrove habitats. This
project and its indicators are further elaborated below.
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The Mangrove Transplantation Project

The Mangrove Transplantation Project aims to increase the mangrove coverage in
Bahrain. The activities of the project are focused in Tubli Bay and Ras Sanad, as
mangroves populated by Avicennia marina are naturally present on the Tubli Bay
coastline, with the largest natural aggregation being in Ras Sanad.

The Ministry of Municipalities Affairs and Agricultur@ims to plant 1.6 million mangrove
seedlingsby 2035 Thiscontribution is adopted under thisBTR to track progress towards
the mangroverelated adaptation actions with mitigation co-benefits mentioned as part
of7¢61 ¢cRUKt W ?2910

The indicator selected to track progress in implementing and achieving the NEEAP under
the BTRs the number of mangrove seedlings planted . This indicator relates to the NDC
as it tracks progress of mangroveplanting effortsAd s 6 RA G WRY WRUAG 21 IJT WEt L
adaptation actions with mitigation co-benefits. The indicator tracks the number of
mangroves as a cumulative, meaning it reflects the aggregate count of mangroves
planted each year, starting from the year of implementation towards (i.e. 2022)The
reference point for this indicator is zero mangrove seedlings planted.

Figure26: Mangroverelated efforts inBahrain.

A comprehensive study was conducted to identify the most suitable options for
mangrove cultivation in Bahrain. Subsequently, nurseries wereexpanded and
established to cultivate mangrove seedlings that are then planted in specific locations,
including Tubli Bay, Ras Sanad and the Adday reserve.

Sincethen, the Mangrove Transplantation project has been implemented by the Ministry
of Municipalities Affairs and Agriculture. The project is managed by the Ministry of
Municipalities Affairs and Agriculture in coordination with the Supreme Council of
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Environment. A dedicated team has been hired to supervisall mangrove activitiesin
nurseries and mangrove plantation at various sites. The management team is divided
into two sections: one responsible for plantation activities and reporting, andanother
responsible for nurseries and the tendering processWeekly maintenance activities are
carried out at all mangrove sites.

As of 2022, a total of 110,901 mangroves have been planted

Mangrove forest n Ras $apad
-+ Photo by SCE b »
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3.4 Mitigation Policies and Measures, Actions and Plans
Including those with Mitigation Co-Benefits Resulting from Adaptation Actions and Economic Diversification
Plans, Related to Implementing and Achieving NDC under Article 4 of the Paris Agreement

Table12 summarizes thekey mitigation policies and measures, actions and plans, including thoswith mitigation co-benefits resulting from
adaptation actions and economic diversification plans, related to implementing and achieving ¢ 6 | ¢ R U Khesilact®i$s e discussed
in more detailin Section3.3.

Table12: Key policies, actions and plans with mitigation cdenefits resulting from adaptation actions and economic diversification plans

Name Descripton Objectives eSS Jeled  afeeed  implomenaton enties
1. National Launched in 2017, the Reduce National In Energy COo, 2017 1 Ministry of
Energy National Energy Efficiency energy strategy progress Cross- CH, Water and
Efficiency Action Plan (NEEAP) sets i consumption cutting N-.O Electricity
Action Plan national target of reducing by 6%in Affairs
(NEEAP) energy consumption by 6%n 2025. (GDEE)
2025 and identifies various
initiatives to improve energy 1 The
efficiency. In doing so, the Implementati
NEEAP aims to stimulate on Follow-Up
more  efficient use  of Committee

electricity, optimize the use of
natural resources, decrease
peak electricity demand and
enhance longterm energy
security.
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Name Descripton Objectves (TS SAUS  SEded  afteced  implemenaton | entes.
2. National Launched in 2017, the National National In Energy CO, 2017 1 Ministry of
Renewable National Renewable Energy renewable strategy  progress Cross- CH, Water and
Energy Action Action Plan (NREAP) sets energy cutting N20 Electricity
Plan (NREAP) national renewable energy installed Affairs
targets of 5% and 10% for capacity (GDEE)
2025 and 2035, respectively. targets of 5%
The added benefits of the and 10% for 1 The
NREAP include optimizing the 2025 and Implementati
use of natural resources, 2035, on Follow-Up
reducing greenhouse gas respectively. Committee
emissions, decreasing

electricity demand, improving
q6 W uRUNT Y@kt
competitiveness and
enhancing energy security in
the long-term.
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Table12: Key policies, actions and plans with mitigation cdoenefits resulting from adaptation actions and economic diversification plans

Name Description Objectives . W0 Status SEEEE) o . S 0 J Implem_enting
instrument affected affected implementation entities
3. National The National Plan for Double the National In Forestry CO; 2022 1 Ministry of
Plan for Afforestation aims to increase number of strategy  progress Municipalitie
Afforestation  green areas in Bahrain, by trees from s Affairs and
doubling the number of trees 1.8 million to Agriculture

from 1.8 million to 3.6 million 3.6 million by
by 2035. The Plan specifies 2035.

tree species that are welt

suited to Babhrain's specific
environmental conditions.

Emphasis is also placed on

trees varieties with large green

canopies due to their ability to

combat urban heat island

affect.

I The National
Initiative for
Agricultural
Development

1 The Capital
Municipality,
the Muharraqg
Municipality,
the North
Area
Municipality,
and the
Southern
Municipality
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Name Description objectives . Pon Saws  GETCS  afeed  implomenaton enties
4. Mangrove The Mangrove Transplantatior Plant1.6 National In Forestry CO; 2022 1 Ministry of
Transplantati  Project aims to increase the million project progress Municipalitie
on Project mangrove coverage in mangrove s Affairs and
Bahrain. The activities of the seedlings by Agriculture
project are focused in Tubli 2035.
Bay and Ras Sanad, a: 1 SCE

mangroves populated by
Avicennia marina are naturally
present on the Tubli Bay
coastline, with the largest
natural aggregation being in
Ras Sanad.
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3.5 Summary of Greenhouse Gas Emissions and Removals
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Table13 provides a summary oilGHGemissions. Further details on GHG emissions can be found in Chaptér

Table13: Summary ofGHGemissions and removals

Reference year/period
for NDC (Gg CQe)

Base year (Gg CQe)

% Change from 2021 to latest
reported year (i.e., 2022)

GHG Emissions and Removals

CO; emissions without net CQ, from LULUCF NA NA -1.0%
CO; emissions with net CQ from LULUCF NA NA -1.0%
CH,4 emissions without CH, from LULUCF NA NA -1.9%
CH,4 emissions with CH, from LULUCF NA NA -1.9%
N>O emissions without NO from LULUCF NA NA -18.2%
N>O emissions with NO from LULUCF NA NA -18.2%
HFCs NA NA +0.01%
PFCs NA NA +2.5%
Unspecified mix of HFCs and PFCs NA NA NA,NE,NO
Sk NA NA NE,NO
NF; NA NA NE,NO
Total (with and without LULUCF, with indirect ) NA NA -1.1%

GHG Source and Sink Categories

1. Energy NA NA -1.2%
2. Industrial processes and product use NA NA +0.1%
3. Agriculture NA NA -1.2%
4. Land use, landuse change and forestry NA NA IE,NA,NE,NO
5. Waste NA NA -4.2%
6. Other NA NA NA,NE
Total (with LULUCF) NA NA -1.1%

3.6 Common Tabular Formats (CTFs) Tables

Further information on the Common Tabular Formaten NDC progress can be found in Annex 2
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4. CHAPTER 4: Information Related to Adaptation

As adensely populated, small, low-lying island state in the Arabian Gulfthe Kingdom of
Bahrain is particularly vulnerable tothe adverseimpacts of climate change. Adapting to
these impactsis a priority to Bahrain, which has incorporated various adaptation actions
as part of its 2021 NDC.

The following chapter provides an overview of the primary climate change impacts, risks
and vulnerabilities in Bahrain. It also highlights the progress of key adaptation actions
included ¢+ WG¢ | qWYn W 7rRurther d&dilson lhiatioped circumstances and
institutional arrangementsdll RU#AHGe Tl RUNW RUNYI G¢ qRYU LW
demographics and climate, areprovided in Chapter1.

4.1 Climate Change Impacts, Risks and Vulnerabilities

Climate change is an inherently complex topic,manifesting in various long-term and
short-term impacts on a globalscale, with consequences acrossenvironmental, social,
and economic domains. As a group of small lowlying islands, Bahrain faces
considerable climate-related challenges.7 ¢ 6 | cNatidal Qdmmunications to the
UNFCCC highlightthree key climate hazardsthat pose a threat to the Kingdom, namely

rising temperatures, changes in rainfall ratesand rising sea levels.

Table14: Overview of key climate hazards in Bahrain

Climate hazard Potential impacts

Rise in temperatures 9 Decrease in scarce freshwater resources, due to increase ir
evapotranspiration rates, reducing soil moisture, rainfall infiltration
and aquifer.

1 Increased demand for water for municipal consumption, agriculture,
and industry

Extensive coral bleaching associated with loss of coratover.

9 Increasing urban heat island effect

=

Change in rainfall rate 91 Increase rainfall rate unevenness will give rise to the risk of extrem
events, including floods and droughts and that will lead to increase the
water scarce condition in Bahrain

Rise in sea levels I Land loss due to increase in coastal inundation, flooding, anérosion.

1 Increase in saline intrusion into the soil and aquifer, affecting soil

ecosystems, agricultural productivity, and reducing freshwater
resources.

1 Inundation of intertidal mudflats, with potential impact on populations
of migratory shorebirds and/or reduction of light levels, affecting
photosynthetic rates of already threatened seagrass beds
Destruction of mangroves
1 Impact on infrastructure, including roads, buildings, electricity

systems, and industry

=
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assessed the vulnerabilities posed by climate change acrosskey sectors that are
adversely affected by its impacts. These sectors include:(a) water resources, (b)

agriculture and food production, (c) ecosystem services and biodiversity, and (d) urban
development.

Asituational analysiswas conducted wherebylJ ¢ #6 Wt IJH q Y| kwadliBdsedsdd|1J| ¢ HR
in a systematic manner.This analysis drew upon scientific literature, existing national

reports, current and planned policies, and stakeholder consultations. Vulnerability,

T InRUOVT WRUWGRUWWS Ra6 Wad IJWf A9 9 Wct Wbar Gnddiel 1301 1313
to cope with, adverse effects of climate change, including climate variability and
extremests s ¢+ WIIF ¢ G RUWI Wet WeWne UqRYUWYnWad ! 3Wn e

1 Exposure: The nature and degree to which a system is exposed to the effects of
climate change.

i Sensitivity: The degree to which a system iaffected by the effects of climate
change. This is influenced by factors such as the physical characteristics of the
system, its economic and social structure, and its ability to adapt.

i Adaptive capacity: The ability of a system to adjust to the effects of climate
change. This includes the ability to make changes to infrastructure, policies, and
practices in order to reduce the negative impacts of climate change.

The following sections provide an overview'n LU 1J ¢ # 6 Hidxpdstieg, Ysengitivity and
cl ¢GqR2IUWHE GEHRq! IOWNG It JUW DHRqY! + Wie! WAHWIWe O 1

4.1.1 Water

As an arid country with high temperatures and low rainfall, Bahrain has no surface water
sources, and groundwater sources are the only natural source of fresh water supply.
Bahrain faces a high demand for water due to its rapid population growth and
urbanization and has been relying mainly oeeawaterdesalination to meet this demand.

The water sector has been identified as a sector that is especialgxposedto increases

in temperature and rising sea levels. The main effects of these impacts are increased
evapotranspiration rates, reduced soil moisture, rainfall infiltration and aquifer recharge,
leading to an overall reduction of already scarce freshwater resources; increased saline
intrusion into the soils and aquifers reducing agricultural productivity and available
freshwater resources; and increased water demand for municipal conamption,
agriculture, and industry usage.

7¢61 ¢cRUKt WG RAGRWUT WNI YeUTscecqldl Wt Yel #1I3t wWe OT Wi |
sector to besensitiveto climate change impacts. Measures related tadaptive capacity
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have included policy actions to protect water resources, the formation of a Water
Resources Council (WRC) the development of a National Water Strategy, the
establishment of a Water Resources Management Un{tWVRM)and plans to expand the
reuse of treated wastewater in irrigation among others.

4.1.2 Agriculture and Food Production

Approximately 5.15% 7 39.4 km2TYn W7 ¢ 61 ¢ RUK t LW q YThesdidhds are 1 WRt W
nutrient deficient, characterized by high infiltration rates and low watetholding capacity,

in addition to being subject to challenging climatic conditions. Due to its small area and

limited natural resources, Bahrain imports about 90% of itsdod requirements, which

poses a major challenge to food security.

7¢61 ¢ RUKt We | exdodedidlbiic dédertlidéccontititins characterized by high
temperatures, high humidity and erratic rainfall. Rising sea levels may also resultin a loss
of agricultural land. The potential effects of these impacts include seawater inundation
of agricultural lands; soil salinization leading to gradual desiccation and destruction of
coastal plantations; and an increase climaterelated diseases with livestock due to
increasing temperatures.

The agriculture sector issensitive to climate change impacts, particularly due to its
reliance on the water sector. Although fisheries and aquaculture sectors are less
vulnerable to climate change impacts, they are threatenedby long-term stresses caused
by climate change. Theadaptive capacity of the agriculture and food production sector
has been supported byvarious measures, including the development of a national
strategy for food security, increased investments in domestic agriculture, and national
initiatives to support agricultural workers and enhance agricultural expertise.

4.1.3 Ecosystem Services and Biodiversity

Bahrain is an archipelago of approximatel\83 natural and 51 artificial islands. Marine
waters and coastal areas support several important ecosystems including mangroves,
seagrass beds, coral reefs, and intertidal mudflats. These habitats provide a variety of
ecosystem services to the country and its economy. Therare a total of six marine
protected areas and two terrestrial protected areas in Bahrain.

The terrestrial and marine areas in Bahrain arexposedto effects of warming oceans,
sea-level rise, increased evaporation, and potential changes in storm patterns. These
areas are also affected by anthropogenic activities, such as land reclamation. Marine
organisms and associated fisheries are identified asespecially sensitive to climate
change impacts, mainly due to an increase in average sea temperature rather than ocean
acidification.
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Several initiatives, plans, and strategies enhance thadaptive capacityof these sectors.
These efforts include the development of different national plans and strategies, such as
the National Biodiversity Strategy and Action Plan 201B021 and the National
Environmental Strategy. Notably, a review and update of the Nationdiodiversity
Strategy and Action Plan, aligned with the Pos2020 Global Biodiversity Framework, is
underway. National plans toincreasethe number of trees and mangroves in the Kingao
also support the adaptive capacity of these sectors

4.1.4 Urban Development

GGl Y+RUOcCqUT! WOME WY n lHs7irc ddare ddas andll48% Gfzldnd igg R Y U LU
dedicated to residential areas and housing areas. Rapid population growth has led to
#HYUOL RT DI ¢HOWWel AeOWT W2RB0YGaWUqAWGe qaqRUNWLE ql ¢
and reducing land availability. Land reclamation b+ WWRUHI 3¢t I Ubved; 61 ¢ RUK
however, it remains insufficient to address the landuse needed for infrastructure.

Urban development and the built environment will beexposed to increases in
temperature and rising sea levels. Coastal areas are densely populated and exposure to
rising sea levels differ between the various islands that constitute Bahrain, depending on
land elevation. Regarding increases in temperature, Bahraiis a country already
situated in an arid region and even a comparatively small increase in temperature could
have considerable impacts, particularly in the case of the urban heat island effect.

Bahrain has enhanced theadaptive capacity of the built environment, revising building

codes in response to increasing temperatures and to improve coastal resilience,

2Gl cqRUNWa6 W Wh] 2 RT IGRUDY WnY! WHYCEH qea Wl 132130 YVYC
recently, conducting a comprehensive coasal resilience study and developing an
accompanying action plan to be implemented through to 2050. The National Plan for
Afforestation in Bahrain is also aimed at increasing open green spaces, which combats

the effects of the urban heat island effect.

4.2 Key Adaptation Actions

The following sectionspotlights key adaptation actions undertaken in the Kingdom of
Bahrain. More particularly, it provides an overview of the adaptation actionsutlined in
7 ¢ 6| ¢2B820 NDC These actions include he formulation of a National Adaptation
Investment Plan(NAIP)and targeted efforts to enhance the resilience ofcoastal zones
and water resources.

Adaptation actions with mitigation co-benefits, such as afforestation and mangrove
afforestation, are addressedin Chapter 3.
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4.2.1 Water Resources Resilience

Water resource conservation is a key driver for action across various sectors, including

food security, climate action, and public health. In Bahrain, rapid social and economic
development has led to a growing demand for potable water, resulting in the eapsion

YnuWwl Wt ¢cdRUCqRYUWGGcUqt WaqYWaWWqlWgé Rt WRUAI Dcet R
naturally arid environment, Bahrain faces significant challenges related to water

scarcity. These challenges are compounded by the impacts of climate change, rkang

the protection of natural water resources and enhancement of sanitation efforts even

more critical. Simultaneously, the Kingdom has prioritized sustainable water
consumption to safeguard its future supply.

N6UW] Y21 UaWU0qW¥Ynw7e6l ¢cRUKY WEGGI Y2¢OWYnlWaq6 L
reflects its dedication to addressing these challenges. This strategy, aligned with the

GCC Unified Water Strategy (2022035), focuses on sustainable water management to

meet the demands of economic sectors, thus supporting national sustainable
development. The strategys three pillars T coordination among waterrelated entities,

monitoring implementation, and raising awarenessr aim to ensurethat water resource
management isrobust enough to face the evolving challenges, particularly those posed

by climate change.

QU RGCqUWHRGEcUNIWE ¢t WRUq! YT e® T WUWs W Rt t+ WaVY W7
temperatures, reduced rainfall, and more frequent droughts, all of which exacerbate

scaqldl Wt Ael ARq! WWARY RUDWYt YeWaW200t Wedt YWa6! |
increasing the salinity of groundwater. To mitigate these impacts, Bahrain has taken
significant steps to adapt its water management systems to the realities of climate

change.
gUNWU+c¢cGGuUWYNW7¢61 ¢cRUKY WeET ¢GaecqRYUWInnYIl gt U
part of the UNWater Integrated Monitoring Initiative for SDG 6 (Clean Water and
Sanitation), Bahrain was recognized for accelerating progress on SDG indicator 6.4.2

(Level of water stresy, which measures freshwater withdrawal as a proportion of

available freshwater resources. In 2000, the Kingdom was withdrawing 195% of its
renewable freshwater resources, heavily reliant on nomenewable sources that face

depletion risks. However, by 2021, Bahrain had reduced its water stress level to 156% by
expanding nonconventional water sources, such as desalinated seawater and treated
wastewater. This shift was further supported by modern irrigation techniques, such as
encouraging the use of greenhouses and hydroponic systems, which enhance water use
DnnRARWVDUH! AWGE ! qRAz2G¢ ! 0! WRUWq6WWeE NI RAzaTGaqel ¢
efforts to adapt to climate-induced water scarcity while balancing increasing demand.

Adapting the water sector to climate change has been reinforced through international
cooperation. In October 2018, Bahrain secured approximately USD 2.3 million in funding
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Water Sector in Bahrain". Led by the SCE, this project directly addresses the water
FORQY!I kt W220001 ¢cHRORQRIY WaVYWHTGRGC ql) By GE Hat U
for climate resilience.

The project focuses on four key adaptation activities:

1. Knowledge Management for Climate Impacts: Establishing a platform that
RGGI Y210t WeUT It q¢UT RUNWYNnNWG6 Ys WHRIRGCEC qULWHAG
enabling better water demand management in the context of evolving climate
conditions.

2. Climate -Resilient Integrated Water Resources Management (IWRM):
Enhancing institutional capacity to operate a climateresilient IWRM framework
cHI YT WY WEqY!Lt AW Ut el RUNWq6¢cqWl7¢d6l ¢ RUK
withstand climate shocks, such as prolonged droughts or sudden water
shortages.

3. Promoting Water Conservation Technologies: Supporting the adoption of
climate-smart technologies, including watersaving techniques in both
residential and agricultural settings, to mitigate the stress on water supplies
exacerbated by climate change.

4. Rainwater Harvesting and Greywater Recycling Guidelines: Developing
guidelines that promote rainwater harvesting and greywater recycling, critical
strategies for increasing the availability of norconventional water resources to
counteract the decreased reliability of natural freshwater supplies.

NSt JWHInnY!l qt Wel DWGE!l quWyYynw7ed!l ¢ RUKY WHI YeT 131
climate uncertainties. Comprehensive water audits have been planned to assess current

usage patterns and optimize water demand management. This approach has allowed

Bahrain to not only reduce wastage but also increase resilience by ensuring water is used

more efficiently in all sectors. Additionally, a study exploring the potential for Zero Liquid

Discharge (ZLD) in the oil sector was initiated, aiming to further enhaficlll7 ¢ 6 | ¢ RUKk t Ws ¢
recovery capacity. ZLD is a sustainable engineering method that recovers all wastewater

for reuse, reducing water loss to an absolute minimum, which is vital in a climate

vulnerable context.

Furthermore, capacityHea Rt T RUNW RURqRec qR2 1t W 6¢20W HWIIUW ¢
adaptation strategy. Workshops tailored to governmental agencies, academia, and civil

society have strengthened crosssectoral cooperation in addressing climate impacts on

water resources. These initiatives help ensure that climate resilience is mainstreamed

into decision-making processes at all levels, reinforcing adaptive capacity across

sectors. Public awareness campaigns are also critical, focusing on educating the
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community about water conservation and sustainable practices to foster resilience at
the household level.

Adaptation action in this field has also extended to gendesensitive policies, recognizing

that women are disproportionately affected by water scarcity and climate change.
Collaborative initiatives with the Supreme Council for Women and the Bahraini Womeént LL
Association ensure that gender perspectives are integrated into water management

bl ¢cqUNRIJY Alnel qé6 3 WIU8¢c URRUNWqS W WEqY! Kt WE
By incorporating these adaptation measures, Bahrain is addressing the increasing risks

GYt DT WA! WRGRAGcqUWHSEcUNU WY WRat Wsecqldl W DHqY! K
a dedication to building climate resilience, ensuring that its water resources are

safeguarded for future generations even as the impacts of climate change become more
pronounced.

4.2.2 National Adaptation Investment Plan

Developed in partnership with the Global Green Growth Institute (GGGI), thdational

Adaptation Investment Plan (NAIPserves ¢+ W q6 JWu RUNT YOGkt WNeRIT RUI
adaptation action. It identifies sectors most vulnerable to climate change outlines
corresponding climate adaptation actions, and translates those actions into a portfolio

of projects. The NAIPalso examinesthe financing options for each of these adaptation

actions, thus taking a proactive approach to addressing the global challenge of

mobilizing adaptation finance.

The formulation of the NAIP waguided byfive key objectives:

1 To systematically describe what adaptation to the adverse impacts of climate
change means in Bahrain and to identify objectives for adaptatiofsituational
analysis).

i1 To identify the stakeholders in the different areas affected by the adverse impacts
of climate change on which successful adaptation will depend(stakeholder
analysis).

i To identify interventions to increase resilience to climate change and achieve the
objectives for adaptation (project pipeline).

1 To identify relevant options of how to finance these interventiongfinance
strategy).

1 To prescribe institutional arrangements across different departments and
agencies to implement the identified interventions.

To meet these objectives, theSCEled a series of tasksunder the oversight of the
Ministerial Committee for Development and Infrastructure Projecs.



Bahrain's FirstBTRto the UNFCCC (2024)

Firstly, a situational analysis was conducted to identify key areas for adaptation and

provide a systematic overview of the sectors that are most adversely affected by climate

change in Bahrain, namely(a) water resources, (b) agriculture and food production, (c)

ecosystem services and biodiversity, and (d) urban developmeni he analysis focused
ondetermininglJ¢ #6 Wt WHEqY!l kKt W220001 ¢cHRORq! WaqYWHIRGCa
exposure to phenomena related to climate change, its sensitivity to climatehange

impacts, and its adaptive capacity to cope with adverse climate change impacts.

Subsequently, a stakeholder analysis was conducted to pinpoint key stakeholder
entities from the identified vulnerable sectors and invite their participation in the NAIP
process. This included several stakeholder entities, including the Ministry of
Municipalities Affairs and Agriculture, the Ministry of Works, the Water Resources
Management Unit, the Ministry of Industry and Commerce, the Ministry of Health, the
Ministry of Electricity and Water, andthe Bahrain Institute for Pearls and Gemstones
(DANAT).

Consultations with these stakeholders informed the development of a project pipeline

that consisted of a total of 47 proposed adaptation actions, identified based on existing
government priorities and the vulnerabilities pinpointed by the situational analis.

These adaptation actions were then prioritized and shortlisted by the SCE and line
ORURYt ql Rt WI WaW2¢UqUaqYWRAGHEWGWUqe qRYUW Het I
environmental and social impacts. This prioritization exercise resulted in the
identification of 14 adaptation actions that were elaborated on and grouped into six

BRU2 Ut qa DUgqwWHY UHRDG q LtéSeopidjectd Mithta lbtallinvdsttént = aq Y | O
requirement of approximately USD 1.6 billion, are summarized inTable 15.

Tablel5x IOE2 GG ¢l ! OYNnIOgq6 130  f Abt 1Oft URHqY!I ¢ GORU2

Estimated Cost

Concept note Sector Adaptation Action (USDmillion )
1. Expansion of Treated SewagEffluent NE E K b
1. Scaling transmission and distribution network
Wastewater dai  foed :
Ee Water 2. _Upgra _atlon of feedwater treatment systems for 651
et industrial uses
Resilience .
3. Artificial groundwater storage and recovery
2. Accelerating
Climate . 1. Promotion of climatedmart agricultural systems
- : Agriculture &
Resilience in
. food 56
Agriculture and . ) o ) ]
Crop production 2. Promoting cultivation of native and climate
Production compatible crops
3. Climate 1. Institutional strengthening for enhancing the
Resilient Agriculture & surveillance, diagnostic and control of animal
. : 53
Livestock & food diseases
Poultry production

2. Development of climate-resilient and low-

Development . .
evelopme carbon livestock and poultry value chain
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Estimated Cost

Concept note Sector Adaptation Action (USDmillion )
4. Climate ) Enhancing resilience of fish habitats

Resilient Agriculture &

Fisheries and food 61

Aquaculture production Development of climate-smart fisheries and

Development aquaculture value chain

_ Strengthening policy and institutions for

5. Restoration of mangrove management

Mangrove Ecosystem Restoring and promoting sustainable mangrove

Ecosystems for services & 9 P 9 9 544

: o . ecosystems
Climate biodiversity
Resilience Developing a blue carbon market
Ecosystem . .

6. Afforestation services & Expansion of green cover in urban areas

and Nursery biodiversity, 243

Development urban Development of climate-smart nurseries for

development afforestation planning and management

Total investment requirement including 10% contingency and project management 1,608

To enable future implementation, the NAIP proposes institutional arrangements for each
concept note through a dedicated project management arrangement section. This
section identifies agenciesrelevant to project implementation based on their technical
expertise and assigns roles and responsibilities accordingly.

Additionally, the NAIP suggests means of financing for each of the4 lprioritized
adaptation actions, thereby facilitating the mobilization of necessary resources for
implementation. This assessment leveraged the knowledge of a finance expert who
identified potential funding sources and financing instruments for each adaptation
action. These instruments include green bonds/sukuk, equity and debt capital, grants,
sale of tourism development rights, sale of blue carbon credits, concessional debt and
government funds. By considering the financing options available to each project, the
NAIP uniquely addresses the challenge of mobilizing finance that besets adaptation
action globally.

As of 2024, he NAIP document has been finalized and presented to the Ministerial
Committee for Development and Infrastructure and Project. The Committee is chaired
by HE the Deputy Prime Ministeand Minister for Infrastructure andenjoysthe high-level
participation of their Excellencies, the Minister of Oil and Environment, the Minister of
Industry and Commerce, the Minister of Municipalities Affairs and Agriculture, the
Minister of Works, the Minister of Electricity and Water Affairs, the Minister of
Transportation ard Telecommunications, the Minister of Housing and Urban Planning,
and the Minister of Cabinet Affairs.

98



Bahrain's FirstBTRto the UNFCCC (2024)

4.2.3 Coastal Zone Resilience

Asalowi ! RUDWRYt G¢cUT W q¢ec qlAaWHYct q¢ oWl It RerRIJUHIIWR
sustainability.

In 2019, the Government of Bahraimppointed Arup to conduct an initial assessment of
risks to buildings infrastructure and land under coastal inundation due to future sedevel
rise (SLR). This study successfully provided a nation&vel overview of the potential
severity of such a threat under thee highlevel scenarios for the year 2100, based on
existing literature.

Building on these efforts, additional stages of assessment and strategy development
were taken forward including:

1. Baselining Flood Risk from Sea-level Rise: Review of available scientific
evidence and data on SLR and preliminary assessment of land and key assets at
risk.

Identifying Sources of Coastal Flood Risk: Detailed investigation of sources of
flood risk associated with SLR and storm events.

Assessing Impacts on National Infrastructure: Detailed assessment of the
impact of SLR on key infrastructure and national assets.

Developing a Success Strategy: Development of master plan and strategy to
mitigate impacts and identification of options and actions.

Work on the coastal resilience strategy was initiated in 2021 and focused on the most
immediate risks for the period after 2050, based on an increase in sea levels of @b

As illustrated in Figure 27, the principal data sources for the study include extensive
asset data, land use maps and coastal and environmental datasets such as tide
information, sea level rise and storm surge projections.

-
DigitalTerrain Model
Source: SLRB

A

Existing infrastructure assets (2019), energy and
water & telecommunications infrastructure (2022)
Sources: SLRB, EWA & TRA

Supplementary open-source asset
information (2022)
Sources: Various including the Bahrain Municipality
Geo Explorer portal

J/

Land use

Source: UPDA

~

-

LN

Tide level & Datum information
Sources: UKHO & SLRB (2022)

J{

Sea-levelrise
Source: IPCC SLRB (2022)

Storm surge
Source: Delft 2008 report

J{

Figure27: Data sources for SLRtudy.
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This collated data was then processed and compiled into a Geospatial Information
System (GIS)portal (Web-Map) to provide an interactive and datadriven means of
developing the action plan andproviding information to decisionmakers in a visual and
accessible way. Moreover, the strategy derived five water scenarios which describe
incremental flood risk from the present day to a future date beyond 2050. The strategy
examined the exposure of critical assets to potential future sea conditions and storms
with forecasts of climate change taken into consideration. These assets span a total of
14 sectors, including: residential, energy, water, food, tourism, commercial, health,
transport, industry, ICT, government, finance, and emergency services sectors. All
assessments were undertaken with the online WebMap tool, which comprises a digital
terrain model of the Kingdom, georeferenced asset locations, as well as current and
future land use maps. The exposure assessment was done by overlaying the five water
scenarios with the digital terrain model and existing asset datakigure28 shows the key
findings under two mainscenarios.

time under scenario “Episodic su level with a ret /- Risk after 2050 unde

‘® Risk at present scenario “Episodic surge level with a return (2)
period of 1in 500 years” </

ario “SLR by 0.5m above MHWS and an

episodic surge level with a return period of 1 in gOO\,enfs”

KEY FIGURES

Est. TotalLand Loss (km?)

Est. % Land Loss (%)

73.1
9.3%

KEY FIGURES

Est. Total Land Loss (km?)

Est. % Land Loss (%)

148.1
19%

#of assets |mpacted 1,478 i oAb # of assets impacted 18,058
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Figure28:Estimated inundation risks of SLR.
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Following this assessment, a prudent approach was takemwhereby an action plan was
developed to mitigate the risk of the most severe water scenario, despite its low
probability. The plan was developed using a logical decisiemaking tree which provides
the rationale for assigning typical interventions along the Bahrain coastline. The process
ensures that approaches are applied consistently and, most importantly,can be
adapted for future application. More than 200 physical and norphysical interventions
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were proposed to protect approximately 140 km of coastline.The total cost of
interventions is estimated at 318 to 428 million USD.

Asillustrated in Figure 29, physical interventions include landscaping and flood bunds,
short walls, beach enhancement measures and assetevel protection walls. In some
cases, these interventions are also an opportunity for enhancing public amenitiesA
priority order for the planning, design and construction of interventions was also
proposed. Interventions were grouped based on their geographical locatioand it was
suggestedthat implementation commences with coastal locations where the estimated
flood damages are likely to be the highest.

Figure29: Pre-existing coastal boulevards and short walls inBahrain.

The results of these efforts were presented and reviewed by a mufttakeholder Sea
level Rise Committee, formed to adopt recommendations, agree action plans and
decide priorities and timescales for implementation. The Committee consists ofkey
stakeholders including the SCE, the Ministry of Works, the Electricity and Water
Authority, the Ministry of Transportation and Telecommunicatios, the
Telecommunications Regulatory Authority, the Supreme Defense Council, the Urban
Planning and Development Authority, and the Survey and Land Registration Bureau.

The development of the coastal resilience strategy officially concluded in 2023 and was
presented to thehighest levels of government, including His Majestiting Hamad bin Isa
Al Khalifa
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