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Acronym
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GHI
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MoEnv
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Definition

AgabaAmman Water Desalination ari@bonveyance Project

Battery Energy Storage System

Build, Own, Operate

Central Bank of Jordan

Combined Cycle Gas Turbine
Compressed Natural Gas
Concentrated Solar Power

Demand Side Management

European Bank fdReconstruction and Development
Electricity Distribution Company

Energy Efficiency

Energy and Minerals Regulatory Commission
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Energy Service Company

Electric Vehicle

Final Energy Consumption

Floating Storage Regasification Unit
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Greenhouse Gases
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Irbid District Electricity Company
International Energy Agency
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International Renewable Energy Agency
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Jordanian Electric Power Company
Jordan Energy Sector Strategy
Japaninternational Cooperation Agency
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Jordan Renewable Energy and Energy Efficiency Fund
Light Emitting Diode

Liguefied Natural Gas

Liguefied Petroleum Gas

Ministry of Energy and Mineral Resources
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Ministry of Environment

Ministry of Water and Irrigation

Nationally Determined Contribution
National Energy Efficiency Action Plan
National Renewable Energy Action Plan
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National Renewable Energy Action Plan

12



NPC
PESTEL
PHES
PHS
PPA
PV
REEE
REEE I
REEEL
RES
RoCoF

SCADA
SMR
SMEs
SWOT
ToU
UNFCCC
VRE

National Petroleum Company

Political, Economic, Social, Technological, Environmental, Legal
Pumped Hydro Energy Storage

Pumped Hydro Storage

PowerPurchase Agreement

Photovoltaic
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Renewable Energy & Energy Efficiency Program in Jordan
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Supervisory Control and Data Acquisition
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Small and Medium Enterprises

Strengths, Weakness, Opportunities, Threats

Timeof-Use

United Nations Framework Convention on Climate Change
VariableRenewable Energy
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1 Executive Summary

The primary objective of the JESS 2(I85 update is to evaluate the current trajectory, known as the
ReferencePathway, and to develop a more ambitious alternative, the Optimistic Pathway, which aims to
achieve 50%emnewable electricity generation in the power sector.

1.1 Background

Between 2018 and 2019, the Ministry of Energy and Mineral Resources (MEMR), with support from EU
Technical Assistance, developed the 2(IBO Energy Strategy. The strategy envisions a more
sustainable energy sector by maximizing the use of domestic resources and promoting synergies with

other key sectors such as water, transport, oil and gas, and energy efficiency.

¢KS &GNFGS3e addzRé SELX 2NBR AAE yaO3IYIANRZE 2 OBWS NAR
I F2dzyRIGA2y F2N) a9awQa 2y3I2Ay3d SFF2NIaz NBTFfSOG
scenario was designed and evaluated with reference to national policy frameworks, including the National
Renewable EnergyAcio t £t 'y o0bw9!t 00X GKS blaGA2ylf 9ySNH& 9FTF,
unconditional GHG emissions reduction target outlined in its Nationally Determined Contributions (NDC).

The scenario strongly promotes increased penetration of renewable grsengrces to support lontggrm
sustainability goals.

The Increased Sustainability scenario is based on a set of key assumptions across economic, energy, and
environmental parameters. These include:

Baseline GDP growth trajectory, reflecting expected ecdanatavelopment;

Implementation of planned RES projects, including the promotion of CSP with financial support;
9% reduction in final energy demand by 2030 through energy efficiency measures;
Consideration of the existing and future capacity of the natioefihery;

Forecasted natural gas availability, including expected quantities, pricing trends, and import
arrangements;

Reduction of GHG emissions equal to 7% in 2030 with additional measures (NDC with
measures);

Conservative penetration ofmobility intransport sector;

Reduction of energy consumption in water sector equal to 15%.

Revision of the Increased Sustainability scenario was done in 2022 with the final report published in
January 2023. The main focus of the assignment was on the following:topics

Maximizing the integration of variable renewable energy sources (RES) to reach an indicative
target of 50% by 2030;

Evaluating potential reductions in greenhouse gas (GHG) emissions;

Modernizing and upgrading the national electricity grid to support the transition toward a smart
grid,;

Promoting the use of electric vehicles (EVs) across the transport sector;
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Strengthening energy efficiency (EE) measures across multiplesensiectors;
Incorporating the potential of green and possibly blue hydrogen into future planning;
Consider regional power interconnections and crbesder electricity exchange;

Assessing energy storage solutions, including their alignment with NEXIHRI projects such
as the Agab&Amman Water Desalination and Conveyance Project;

Promote greater utilization of natural gas in the industrial sector.
1.2 Strategic Framework
Theoverdl OKAYy 3 @AaAz2y F2NJ W2NRIyQa SySNHe& aegadasSy A
aSOG2NJ 0KFG YSSia (KS O2dzyiNEQa 3INRBgAYy3d ySSRa
goals. This vision is built on the following key pillars:

Reliability: Ensure continuous and stable supply of electricity to all sectors of the economy.

Accessibility Ensuring all people, including those in rural or remote areas, have physical access
to electricity and clean fuels for cooking, heating and tramigtion.

Affordability: Provide energy at competitive and fair prices for households, businesses, and
industry.

Security:Strengthen energy independence by reducing reliance on imported fuels and enhancing
system resilience.

Sustainability:Promote envirmmentally responsible energy practices in alignment with national
policies and international climate commitments.

Maximization of Domestic ResourcePBrioritize the development and utilization of indigenous
energy sources, including renewables, naturalaas oil shale.

Optimization of Renewable EnergiMaximize the potential of solar and wind energy by ensuring
their efficient, secure, and cosfffective integration into the national power system.

CORE
PRINCIPLES

Guiding JESS

Figurel : Core principles guidig JESS
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The JESS 202835 is guided by the following strategic drivers:

Maximizing Utilization of Domestic Energy Resourcksveraging all available primary energy
sources within Jordan to enhance energy security and reduce reliance on imports.

Accelerating Renewable Energy DevelopmeBkpanding the share of solar and wind power in
the national energy mix to support sustainability and decarbonization goals.

Exploiting the Risha Gas Fielaicreasing domestic natural gas production through thehfer
development of the Risha field and construction of a connecting pipeline to the Arab Gas Pipeline.

Expanding Natural Gas Use in Industry and Transp&tomoting natural gas as a cleaner
alternative fuel in the industrial and transportation sectors.

Enhancing Energy Efficiencymproving energy performance across sectors to reduce
consumption and optimize system operation.

Strengthening EnergyVater Nexus: Deepening integration and coordination between the
energy and water sectors to optimize resourtege and planning.

Initiating Green Hydrogen ProductionEstablishing the foundations for a green hydrogen
economy to support decarbonization and create new export opportunities.

Future
Energy
Outlook

/ Existing

Conditions

Figure2: Energy strategy development
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1.3 ReferencePahway and Optimistic Pathway

¢t2 FaasSaa GKS 1Se OKIFIftSydaSa Ay &aKlFLAYy3I W2NRIyQa
pathways reflect alternative combinations of assumptions regarding economic growth, the pace of
implementing sustainabilitypolicies, improvements in energy efficiencygetlkxpansion of renewable
energyand the extent of reliance on energy imports. By comparing these pathways, it becomes possible

to understand how different socioeconomic and policy choices influence futureggrgemand, the

energy mixjmport dependencyand overall system sustainability.

Both pathways share common assumptions on population growth and household formation, but they
diverge in their GDP growth projections. These socioeconomic drivers are terstnaping future energy

demand: population growth influences residential consumption and infrastructure needs, while GDP
growth affects industrial activity, transport demand and overall energy intensity. The interplay between

these factors provides the lzy Rl A2y F2NJ dzy RSNRGFYRAY3I K26 W2NRIF
ensure reliability, affordability and sustainability in the years ahead.

The ReferencePathway reflects a continuation of current trends, with gradual progress in energy
efficiency and reawable energy integration, targeting 40% renewable electricity production by 2035.
is based on theeference GDP growth rate and leads to lower energy demand.

Figure3: ReferenceGDP growth rates (Sourc&ee GDRAssumptionNote)
GDP Assumption Note

During the execution of this project, representatives of the Ministry of Energy and Mineral Resources (MEMR) agreed

that the GDP growth assumptions adopted should be consistent with those used in the NEPCO Master Plan.yAccordingl

GKS D5t 3ANRB@gOK NIGSa FLIWXASR Ay (GKAA aiddzRRe AyAdAaAltfe F2¢
3.0% for the period 2022028 and 2.6% for the remainder of the study horizon.

Upon completion of the draft report, MEMR requested thi& #ssumption be revised and expressed as a single average
GDP growth rate applied uniformly over the entire analysis period. In responsergmtiest andconsidering that GDP

growth during the two years preceding the study period was close to 2.7%, as well as the fact that the equivalent average
growth rate over the full horizon is 2.75%, the project team updated the relevant graphs and informationraggordi

It is important to note that a constant annual GDP growth rate of 2.75% results in the same cumulative GDP level at the
end of the study period as that assumed in the NEPCO Master Plan. Consequently, the projected energyaaeosand

all energy sedrst and the associated investment and expenditure requirements remain effectively unchanged. Any
interannual differences in GDP growth profiles are therefore considered to be diluted over the full period, leading to
equivalent demand conditions and invesint needs under both approaches
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The Optimistic Pathwayepresents an ambitious scenario, aiming foR&6lectricity generation from
renewable sources by 2033. It incorporates enhanced energy efficiency meaaund increased
electricity demanddue to the high GDP growth rate targethis Pathway is aligned with the Economic
Modernization Vision (EMV) and is based on EMV GDP growth, projected at an average annual rate of
5.6% between 2023 and 2033, with total GDP expected to reach 58.11 billion JD3by 203

The international context for both pathways is primarily reflected through projections of global oil and
gas priceswhich are considered to be the same in both Pathways

Tablel: Fuel prices projectioh

2025 2030 2035

Crude Oil ($/bbl) 69.2 79 78
LNG Imports ($/MMBTU) 12 12 12

Chevron N. Gas ($/MMBTU 6.5 6.45 6.40
Risha Gas ($/MMBTU) 4.50 6.62 6.57

1.4 Results and Policies Recommendations per Pathway

The differing GDP growth projections in the Reference and Optinftstibways lead to significant
differences in future energy demand. In the Optimistic Pathway, higher economic growth drives increased
industrial activity, transport demand, and residential consumption, whereas the Reference Pathway
reflects a more moderat&rajectory.

Beyond assumptions related to socioeconomic factors diffdrent GDP growth projectionsoth the
ReferencePathway and Optimistic Pathway are built upon a set of common input parameters, including
the following:

Expansion of the Risha Gaslgieb I (1 dzNJ t 3 &
2029, extended to812MMSCFD by 2036y (1 KS & ! LJA
pathways. Tie Risha pipeline operationalin 2029.

1 (Source: IEA WEO 2024, Electricity Sector Masterplan 2023-2025, import pricing formula and pricing assumptions for Risha gas)

18



Risha Gas Field Production Capacity
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Figure4: Projectionof Risha gas field productich

Jordan Petroleum Refinery Updat&he national oil refinery will be updated by 2030, with a
target refining capacity of 73,000 barrels per day.

Gasification of the Residential, Commercial, and Services Sedatural gas isntroduced in
Amman and Zarga starting in 2031, with consumption projected to r8@&diMSCFD by 2035
with an additional 5SMMSCFD used in road transportatibimisis consistent with the projections
in the 2022 study Strategic Options for City Gasribution Network in Jordan.

Gasification of Industry:Continued gasification of large industries is assumed to reldth
MMSCFD by 2029 ark¥3 MMSCFD by 2@3 according to the latest projections provided by
MEMR

2 Source: MEMR data provided on 07/10/2025
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Figure5: Projections of natural gas use in industand the gas distribution network of Amman and Zarfja

Electricity Demand for Water Pumping-his includes projections for the Aqajdanman Water
Desalination and Conveyance Project (AAWDCP), expected to be operational by 2030, with an
assumption that 240 MW of solar PV capacity will be developed as wheeling projects to supply its
electricity need.

Energy StoragePHES Mujio(450 MW, 7hour storage duration) is expected to become
operational in 2030, while the firfiattery storageproject is scheduled to start operation in 2028.

Green Hydrogen Strategy Implementatiofihe national targets fogreen hydrogen exports are
aligned to a revised timeline, with the 2030 targets expected to be achieved by ZBBbis
consistent with the current expected timeline for the common infrastructure development.
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3 Source: MEMR projections received on 08/10/2025
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Figure6: Green HZxport potential*

In addition to the common assumptions shared between pathwaysRiferencePathway includes the
following specific assumptions:

Electricity Sector Expansiotargeting a 33% share of renewable electricity generation by 2030
and 40% by 203®eployment of battery storage sized at 0.25 MW per 1 MW of kR after
2030

Energy EfficiencyContinued implementation of existing energy efficiency measures across key
sectors, without introducing additional ambitious interventions.

Transport SectorOngoing execution of the national EV Strategy, along with a limited introduction
of compressed natural gas (CNG) vehicles, primarily targeting {uedyyransport.

Beyond the common assumptions with tikeferencePathway, the Optimistic Pathway outlines the
following further measures and projections:

Electricity Sector Expansio# more ambitious renewable energy trajectory, aiming for at least
50% of electricity generation from renewable sources by 2@Bhloyment of battery storage
sized at 0.25 MW per 1 MW of neRE afte2027.

Enhanced Energy Efficiencimplementation of more advanced energy efficiency measures,
particularly in buildings and transportation, including further improvements in public transport
systems.

Transport Sector Initiativestncreased dployment ofEVs assuming that 60% of new car sales
will be electric vehiclesalong with the introduction of CNG vehicles, particularly for hesuty
transport.

Public Transport MeasuresA set of nationband local public transport initiatives such as the
Amman Bus Second Phase, the Jordan urban local bus reform project in Irbid and Zarga, and the
Low-Carbon Municipal Fleets Prograare expected to shift travel demand from private vehicles

to public tranport. These measures are projected to achieve a 10% reduction in private car
passengekilometers pkm) by 2030, increasing to 17.5% by 2035. (Source: Green Growth
National Action Plag Transportation sector).

Freight Rail OperationsThe Jordan NationdRailway Project (Phase 1) is expected to begin
operations for freight transport in 2031, in alignment with the Ldregm National Transport
Strategy for Jordan to 2030.

The comparison results &eferenceand Optimistic Pathways are presented in the foilogvgraphs.

The primary factor influencing energy import dependency in both pathways is the projected use of
domestic natural gas from the Risha field. While the Optimistic Pathway includes greater deployment of
renewables, the reduction in import depenaley is more limited because strong economic growth drives
much higher overall energy consumption.

In the Reference Pathway, energy import dependency declindd% by 2035, while in the Optimistic
Pathway it falls t®1% by 2035.

4 Source: Draft National Green Hydrogen Strategy for Jordan, Oct. 2023
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Energy import dependency
90%

80%
70%
60%
50%
40%
30%
20%
10%

0%
2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
e Reference Pathway 76% = 75% @ 74% @ 65% @ 48% 41% 36% 30% 24% 17% 11%

Optimistic Pathway 76% = 75% & 74% @ 67% | 51% | 45% | 41% @ 35% 28% 24% 21%

Figure7: Energy import dependencin the period 20252035

The following graphs presentnewable electricity productionthe share of electricity generation from
renewables primary energy generated from renewablethe share of renewal®s in the primary energy
supplyandthe share of renewables in final energy consumptiéor both pathways.

Renewable Electricity Production
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Figure8: Renewable electricity productioin the period 20252035
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Share of renewables in electricity generation
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Figure9: Share of electrity generation from renewablesn the period 20252035

Primary energy supply from renewables
6000

5000

4000

ktoe

3000

2000

1000

2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
= Reference Pathway 885 | 958 982 1056 1058 1191 1596 2015 2448 2866 3309
e Optimistic Pathway 885 | 958 1025 1115 1242 1576 2162 2865 3823 4619 5404

FigurelO: Primary energy supply from renewables the period 20252035
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Share of renewables in primary energy supply
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Figurell: Share of primary energy supply from renewablisthe period 20252035

Share of renewables in final energy consumption
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Figurel2: Share of renewables in final energy consumptionthe period 20252035

Additional electricity generation is foreseen to supelgctrolysers for green hydrogen productiofT his
electricity wll be sourced exclusively from renewable energy installations, primarily solar and wind that
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are not connected to the national transmission grid. The projected volume of green hydrogen production
issimilar for both pathwayswith slightlyhigher quantities in the Optimistic scenario that are used in the
local industry

Electricity generated for electrolysers
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Figurel3: Electricity generated for electrolyseiia the period 20252035

The following graphs illustrathe required overnight and total overnight investmentsn the power

sector over the period 20252035 Compared to the Reference Pathway, overnight investment costs in
the power system are substantially higher under the Optimistic Pathway. This increase is primarily driven
by higher electricity demand and argjer share of renewable generation, requiring greater deployment

of renewable energy capacity as well as additional investments in storage systems to integrate the higher
share of variable renewable sources.
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Figurel4: Overnidit investment bygenerationtype in the power gstemin the period 20252035 (Optimistic Pathway)
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Overnight investment costs in power systems per year
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Figurel5: Overnight investment irthe power systemin the period 20252035
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Figurel6: Total overnight investment costs in the power systeémthe period 20252035

Greenhouse gas emissiohsNE SELINB&&ASR Ay /hi SldAGlItSyid F2N o2
following graphln absolute terms (kilotons), greenhouse gas (GHG) emssarerhigher in the Optimistic
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Pathway, despite achieving 55% renewable electricity production by 2035 compared to 40% in the
Reference Pathway, as a result of substantially greater energy demand.

GHG emissions
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Figurel7: GHG emissions

Main energy policy conclusions for tiReferencePathway are defined for each sector.

Electricity Sector

Future electricity generation is based on natural gas and renewables.

Total RES capacity is projected to remain at around 3 GW in 2025, increase to 4.62G%0,by
and reach 5.6 GW by 2035.

The battery storage project is expected to become operational in 2028 and PHES Muijib in 2030,
both enhancing power system flexibility and supporting greater integration of renewable energy
sources.

The expansion of the geraion and transmission network primarily follows the Electricity Sector
Master Plan through 2030, with the power system assumed to continue operating under similar
technical conditions.

The final five years aim for 40% renewable electricity generatio2d86, which should be
incorporated into the next Electricity Sector Master Plan revision, supported by comprehensive
steadystate and dynamic studies.

Oil Sector
Refinery update by 2030, with a target refining capacity of 73,000 barrels per day.

NaturalGas Sector
bl GdzNF € 3IFAa AYLRNIA 6Abrit | @Dy OR WS dyi RS NI DNV RG A

28



Exploitation of Risha gas field will provide domestic natural gas for electricity sector, industry and
residential commercialservicesuse.

Gas pigline connection of Risha gas field to Arab pipeline is expected to be in operatio?dn 20
The LNG import option will be retained to ensure security of supply.

Energy Demand Sector

The industrial sector is expected to expand its use of natural gastasf plae shift toward cleaner
energy sources.

The use of natural gas in the residential and tertiary sectors is expected to expand, contributing
to GHG emissions reduction through the replacement of oil products.

AAWDCP is expected to become operation20B0, with240MW of solar PV capacity envisaged
as a wheeling project to supply its electricity needs.

Continuation of energy efficiency measutegeduce energy consumption.
Implementation of ToU tariffs to reduce electricity consumption irseditors.

Electricity demand from electric vehicles is expected to grow significantly, reflecting uptake
aligned with a continuation of an ambitious EV strategy implementation.

Green Hydrogen Sector

DI i LINE RdzOGA2Y A&
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Electricity for electrolyzes will be supplied by dedicated solar and wind power plants that are not
connected to the national transmission grid.

¢KS G2GFrf NByYySglofS Sy Saditton i©éxpseted bolicddNBNjbgzA NS R F
2035, comprisin@ GW of solar and 1.2 GW of wind installations.
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Main energy policy conclusions for the Optimistic Pathway are defined for each sector.

Electrigty Sector

Future electricity generation is based on natural gas and renewables, with a significant increase
in solar and wind contributions.

The battery storage project is slated to start operation in 2028, with PHES Muijib following in 2030,
both providing additional flexibility to the power system and enabling higher integration of
renewable energy sources.

Additional energy storage systems are required to ensure large integration of renewables.

Total RES capacity is projected to remain at arddi@\V in 2025, rise t6.6 GW by 2030, and
reach as high as3.9 GW by 2035

The power system is expected to face operational challenges related to balancing and stability,
necessitating the deployment of additional assets such as power lines, estergge systems
and synchronous condensers to ensure an adequate level of security of supply.
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Revising the Electricity Sector Master Plan 22235 is critical to ensure coherent transmission
system development, as the pathways rely on markedly differam@nemic drivers. Such a
revision must be supported by rigorous steatgte and dynamic studies.

High penetration of renewables, supported by energy storage systems, will significantly change
operational conditions, potentially requiring updates to opesatl rules and procedures, which
must be carefully addressed.

Oil Sector

Refinery update is operational by 2030, with a target refining capacity of 73,000 barrels per day.
Natural Gas Sector

bl ddz2NFf 31 a AYLRNIA ¢ A-DbrLd @anfaithayconfitiodzyaiRil20@5.S EA & (0 A

Exploitation of Risha gas field will provide domestic natural gas for electricity sector, industry and
residential use.

Gas pipeline connection of Risha gas field to Arab pipeline is expected to be in operatigf.in 20
The LNG import option will be retained to ensure security of supply.
Energy Demand Sector

The industrial sector is expected to increase its reliance on natural gas as part of the transition
toward cleaner energy sources.

The use of natural gas in the residial and tertiary sectors is expected to expand, contributing
to GHG emissions reduction through the replacement of oil products.

AAWDCP is expected to become operational in 2030, with 240 MW of solar PV capacity envisaged
as a wheeling project to suppitg electricity needs.

Enhanced promotion of energy efficiency measures to reduce energy consumption.
Implementation of Time of Use (ToU) tariffs to reduce electricity consumption in all sectors.

A significant increase in electric vehicles is expeakuhg with the introduction of CNG vehicles
for heavyduty transport.

Green Hydrogen Sector

A 2 4 A ~

DIi LINRBRdAZOGAZ2Y A& SELISOGSR (2 6S8S3AY AY HAnonsz ¢
following years.

Electricity for electrolyzes will be supplied bsditated solar and wind power plants that are not
connected to the national transmission grid.

¢KS G201t NBySgrkotS SySNH& OF LI OA (& 86d@MbgzA NSR ¥
2035, comprisin@ GW of solar and 6.GW of wind installations.

DI i LINE RdzOGA2Y A& LINBR 2With gnhay duéinties e i8 $i©OI0cEBIR T 2 N.
industry.
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1.5 Overall Energy Policy Recommendations

Based on the analysis results across the examiRathwa, the following recommendations are
identified as neregret actions that remain advantageous under a range of possible developments in
W2 NRIyQa SySNHe asSodz2Nw

I. Future electricity generation up to 2035 is expected to rely on a combination of natural gas
and renewable energy sources (RES). The integration of RESensupported by energy
storage systems such as pumped hydro energy storage (PHES) and battery energy storage
systems (BESS) with the required capacity varying according to the selected pathway. The
nuclear option is not anticipated before 2035, givee turrent immaturity of Small Modular
Reactor (SMR) technology and its associated high costs.

ii. To implement the renewable energy (RES) penetration targets in the power sector, the
deployment of a Pumped Hydro Energy Storage (PHES) system becomes essential to provide
the necessary flexibility to the power systerihe requirement for energy storage is
considerably higher under the Optimistic Pathway, driven by substantially greater electricity
demand and increased integration of solar and wind power.

iii. Strengthen the interconnectivity of the transmission system to enhance power system
reliability throuch greater flexibility and to support expanded electricity trading
opportunities.

iv. The expansion of domestic natural gas production from the Risha gas field, coupled with the
development of a pipeline connection to the Arab Gas Pipeline, is expected thcsigihy
reduce energy import dependency and enhance overall energy sector security. Domestic
natural gas production will progressively substitute imported gas currently secured under
‘Take or Pay' contracts. LNG imports will remain an option to safedguskcurity of supply.

V. The use of natural gas will initially focus on the industrial sector and progressively expand to
residential and commercial sectors, supported by the phased development of a natural gas
distribution network.

Vi. Continued promotion oénergy efficiency measures such as the utilization of solar energy for
water heating in residential and commercial sectors, steam production in industrial
installations, and the adoption of higgfficiency heat pumps for space heating and cooling in
the tertiary sector to reduce overall energy consumption, combined with the implementation
of ToU tariffs in all sectors.

Vil. Upgrade the oil refinery to increase production capacity and enhance storage facilities in line
with international standards.
viii. Ongoing promdbn of electric mobility, alongside the introduction of CNG vehicles for the
heavyduty transport sector.
iX. Improving public bus transport systems to reduce overall fuel consumption and promote
more sustainable urban mobility.
X. Proceed with freight rail opet®sns to reduce road freight transport.
Xi. {GF NI DI i LINE RdzOGA2Y AYyAUGALFLEfe& gA0GK | LINSBR2Y.
Xii. As the Jordanian power system moves toward 50% renewable production by 2033,

operational conditions will be increasingly influenced by solar and wind generation,
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potentially resulting in situations where §90% of electricity is produced from these sources
Therefore, it is strongly recommended that the implementation of 50% renewable pathways
be accompanied by the following actions:

Reconduct comprehensive steadyate and dynamic studies to validate earlier findings
and identify any additional measureseded to enhance overall system stability.

Review and update the Electricity Sector Master Plan 22@35 considering the high
renewable penetration targets.

Explore opportunities to strengthen interconnections witleighboring countries to
further improvesystem reliability and operational flexibility.
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2 Situational Analysis and Strategic Framework

One of the innovative activities developed in this version of the Jordan Energy Sector Strategy (JESS) is the
situational analysis of the national energy sector, aimed at defining the strategic pillars that will align the
expectations and efforts of botthe public and private sectors directly linked to this important industry.

For this purpose, an analysis was conducted using one of the most widely applied tools in the strategic
field: the SWOT analysisStrengths, Weaknesses, Opportunities, and Threatthisncontext, Strengths

and Weaknesses correspond to the assessment of internal factors within the energy sector that could
influence the implementation of any strategy, whereas Opportunities and Threats refer to external factors

to the sector that may hae a similar impact in the strategic domain. It is important to note that in all four
areas of analysis, both international and national aspects are considered, with particular attention to the
NBIA2Y Ay BKAOK (KS O2 dzy (i NETEeanexShird Nidws thR Sogtéxfud LIY Sy (i
approach of the analysis performed.

Future
Energy
Outlook

/ Existing

Conditions

Figurel8: Strategic Framework

According to this framework, the purpose of the analysis is to define the strategy required to drive the
transformationoW2 NRIF y Qa Sy SNHe& aSO02NJ FNBY AdG&a OdaZNNByd ad
SYSNHe& LRftAOezT Ay It A 3 yhadbiy (anddohgern dév&dpmedtpldng.(TheE Q& & K
strategy, as conceived, must be operationalized by the enéigponsible for steering national energy

policyt the Ministry of Energy and Mineral Resources (MEMR). To this end, strategic axes have been
defined to translate the overarching strategic objectives into practical terms, thereby enabling the precise
identification of the set of strategic initiatives needed to achieve the intended goals.
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The application of this methodology ensures a holistic view of the sector, enabling the identification of

W2 NRI Yy Qa &t dNehiaSiB xeBewabig an8rgyapotentias wdl as the challenges linked to

import dependency and regional geopolitical volatility. The SWOT approach served as the foundation for
RSOSt2LAYy3a NBFHfAAGAO FyR adzadlrAylrofS aaGNIGS3axsa |
supporting its esnomic growth.

The SWOT analysis is a widely recognized strategic framework in energy planning (and in the public sector)
due to its ability to synthesize internal and external factors that influence institutional performance. In

the energy context, thi$ LILINR I OK YIF 1Sa Al LkRaaroftS G2 ARSydGATe.
inherent strengths and weaknesses, as well as the external opportunities and threats that shape its
development trajectory. By mapping these elements, the methodology facilitafesmed decision

making, supports the prioritization of strategic actions, and ensures that policy directions are aligned with

both national objectives and the dynamic conditions of the regional and global energy landscape, through:

Identify internal stengths, such as available resources, institutional capacities, and technological
advancements.

Recognize structural weaknesses that hinder effective policy implementation.

Detect emerging opportunities arising from global trends, technological innovatomasyorable
regulatory frameworks.

Assess threats, including geopolitical vulnerabilities, fiscal changes, and sector crises.
The selection of external factors was based on:
Comprehensive document analysis, including the review of energy policies doadl tyénds.

Expert consultation through a survey directed at representatives from the MEMR, the private
sector, and donor organizations, which enabled the validation of previously identified factors and
the identification of new emerging variables

Althoughthe consulting team had planned to conduct a thorough assessment of the internal perspective
(strengths and weaknesses) following the recommendations outlined in the IRENA and World Bank Energy
Sector Readiness Framework, time constraints and the inatolitarry out detailed, focused interviews
necessitated the design of a strategy that would allow for the indirect application of some of the
YSGK2R2f 232Q4 NBO2YYSYRIUA2yad Ly (KA& NBIIFINRI (K

Review of previous strategies, fitgtional documents, and accumulated knowledge.
Working meetings with key sector entities.

Use of artificial intelligence tools to process large volumes of information and ensure a
comprehensive evaluation.

The factors identified, both from the internakpspective (strengths and weaknesses) and the external
perspective (opportunities and threats), were prioritized by the consulting team based on their strategic
impact. From this process, a SWOT matrix was developed, whoseaciaygsis enabled the formation

of specific strategies.

The use of the SWOT methodology has helped structure strategic thinking for the energy sector; however,
it is important to acknowledge its limitations due to its static nature and the inherent risk of subjectivity
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in the formuation of analysis elements by participants. To minimize these biases as much as possible, the
consulting team combined the SWOT analysis with expert consultations, structured prioritization, and
rigorous documentary support, thereby creating a hybrid aagh aimed at making the analysis
systematic, robust, and actionable.

2.1 Contextual Analysis

The PESTEL analysis was the tool used to identify and characterize both external and internal factors
affecting the sector. Although its application is generally eisged with the analysis of the external

business environment, given that this is a public sector analysis, it was used in a mixed manner to identify
factors impacting both the internal and external dimensions of the sector. The acronym refers to the
identification of key factors across the Political, Economic, Social, Technological, Environmental, and Legal
R2YlI Aya GKIG O2dd R Ay Tt dzSyOS G(KS O2dzyiNEQa SySNBHe@
in both private and public sectors, and itaplementation is considered more of an art than an exact
science.

Due to the practical impossibility of conducting workshops with national energy sector experts, both
inside and outside the MEMR, the methodological process employed in this study wad caitrusing a
targeted survey technique directed at sector experts. To this end, the following activities were
undertaken:

Data collection and cleansing: Inputs were gathered from official sources of the Government of Jordan,
reports from multilateral oganizations, previous studies of the national energy sector, earlier JESS
reports, and interviews with key sector stakeholders.

Survey formulation Questionnaire was designed and sent to national energy sector stakeholders,
including MEMR directors, privasector representatives, and donor organizations.

Internal analysis/Assessment of strengths and weaknesses considering aspects such as existing
infrastructure, generation capacity, source diversification, operational efficiency, and institutional
framewark.

External analysisidentification of opportunities and threats arising from variables such as
international price volatility, global energy transition, regional cooperation, technological
innovations, and regulatory changes.

Strategic synthesis:Integration of results to define priority intervention areas, possible
development scenarios, and energy policy recommendations

Itis important to note that, since the survey allowed respondents to incorporate partieldarents they
considered to have significant impact on the national energy sector and that may not have been included
in the designed instrument, some of the identified factors corresponded more to the internal context than
the external one, which enriched the dgsis conducted.

As with the factors characterizing the external context, internal context factors were precisely and
concretely drafted to clearly communicate the identified elements, facilitating their subsequent use in the
crossanalysis and derivatioof strategic axes.

Based on the information gathered from the surveys, a prioritization analysis was conducted to assess the
importance of each element identified by participants within the energy sector context. On this basis, the

35



most relevant factors we drafted in a simple yet precise manner for later use in the eansdysis of the
SWOT matrix.

The most important identified factors are:

A. Political Factors

Vi.

Vii.

viii.

Need for political stability in the entire region

Necessity to retain fruitful and smoottrelationships with neighboring countries due to their
dependence on energy imports

Regional tensions (Syria, Iraq, Leba@ssaeli conflicts) that could disrupt gas and electricity
flows, forcing the diversification of supply routes

National Energy Sovedgmty: Reducing dependence on restrictive external financing and
advancing domestic energy sources such as solar, wind, and green hydrogen

wAal 2F {dzLlLX e /dzi2F¥FFay W2NRIyQad NBOSyid LRtAGA

energy supply disiptions, demonstrating that dependence on external pipelines represents an

dzy I OOSLIilto6fS LREAGAOFE NRal Ay GKS O2dzy i NEBQa

Social License to Operate: The extent to which the government communicates the benefits of
energy projects and securesmmunity acceptance

Energy Security Governance: Assessing the reliability and diversification of energy sources to
reduce reliance on imports

InteraMlinisterial Coordination: Effective collaboration among energy, environment, investment,
and local governmnt ministries to prevent procedural delays and accelerate implementation

Decisions on power generation technologies must be taken with proper systemic assessments
considering their triggered impacts on infrastructure, costs and policy dependencies.

B. Econonic Factors

Vi,

High national deficit and debts as a critical factor impacting the development of the national
energy strategy

Need for a balanced budget due to the fuel subsidies provided by NEPCO for power generation to
retain low electricity tariffs

Reciproal relationship between energy projects and the broader economy, requiring low energy
prices to sustain economic growth

Public Debt Burden: Government debt exceeds 92% of GDP and limits borrowing capacity for
energy infrastructure

Exposure to Oil Price Stis: As a net importer, Jordan sees its fiscal and current account impacted
when global crude oil prices rise unexpectedly

Global Supply Chain Disruptions: Delays and increased costs in project execution due to
international supply chain volatility
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vii.  Cost ofEnergy Production: Comparative assessment of production costs across various energy
sources

vii. Renewable Energy Finance Potential: Scaling up renewables to reduce import dependency,
enhance energy security, and attract climatdated investments

ix.  FDI Volatity: The impact of fluctuating levels of foreign direct investment on the financing of
major energy infrastructure

X.  Energy Market Demand: Analysis of current and projected energy demand trends across sectors

xi. ~ Technology Adoption and Localization Costs: Kighnand technical challenges related to
adopting renewable technologies and training a skilled local workforce

xii.  Financing Mechanisms and Incentives: Availability of investment financing, subsidies, and tax
incentives for energy initiatives

xiii.  Private Sector &ticipation: The role of private investment in infrastructure development and
technological innovation

xiv. A Diversified Indigenous Energy Mix Anchored by Natural Gas: The national economic strategy
must focus on expanding renewable energy, stortegdnologies and oil shale utilization, with
immediate priority on accelerated development of the Risha gas field to reduce imports, increase
GDP and secure a |@wst, reliable energy source

xv.  Transition to Natural Gas: Encouraging and incentivizing thestridl and transportation sectors
to switch from imported petroleum derivatives to domestic natural gas will lower operational
costs, reduce exposure to volatile oil prices and enhance competitiveness

xvii wSaz2f dAy3a b9t/ hQa 5S0 i Y utibnvid#edndsSiyeldadbyagcurhulatdddza G | A y
by the National Electric Power Company will reduce costs, improve operational efficiency and
strengthen financial viability.

C. Social Factors
i.  Most households have low income and are more vulnerable to the increase afyepaces

ii.  Electricity and fuel pricing is increasingly viewed as a socially sensitive issue that can affect public
stability and perceptions of fairness

iii.  Urbanization and migration trends: A growing urban population (83% of total) and internal
displacementre increasing the demand for reliable energy services in cities

iv.  Youth engagement and environmental activism: Rising participation of youth in climate and
energy initiatives is accelerating the social acceptance of renewables and energy efficiency

v. DigitalDivide and Smart Grid Readiness: Gaps in digital access and skills may limit the deployment
and use of smart meters, automation, and dema&ide management technologies

vi.  Community Participation: Engagement of local communities in the planning and exeofition
energy projects to foster ownership and lafgym support

vii.  Energy Equity: Ensuring the affordability of energy services across akesotiomic segments
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viii.

Xi.

Xii.

Corporate Social Responsibility (CSR): Private sector support for energy access and compensatory
initiatives for disadvantaged communities

GendeiResponsive Access: Mainstreaming gender considerations to empower women and
promote inclusive energy access

Stakeholder Engagement: Formal mechanisms for inclusive dialogue and participation in energy
decisondnaking

Capacity Building and Education: Educational and training programs to enhance public awareness
and technical expertise

Local Employment and Economic Development: Job creation and skills development linked to
energy sector growth.

D. Technological Fators

Vi.

Vil.

viii.

Xi.

Xii.

Advanced Demand Forecasting Tools: Strategic focus is placed on improving energy demand
projections through enhanced modeling techniques and data accuracy

Smarf#srid Modernization (Dynamic Line Rating): Adoption of dynamic line rating and other
smarifyrid technologies enhance reline monitoring and increase transmission capacity
without new lines

Electric Vehicle (EV) Infrastructure Expansion: A 44% surge in EV registrations in 2023 has
accelerated demand for nationwide charging networks and gtebmation solutions

Al/MLDriven Demand Forecasting: Recent studies demonstrate®ié#r accuracy in nextour
demand forecasts using neural networks, enabling better load balancing and resource allocation

loT and Smadveter RolDut: Deployment of over.® million smart meters by Itron enhances
data collection, outage response times, and consumer engagement

Renewabl@owered Desalination Projects: Lafgeale desalination plants powered by solar and
wind require advanced control systems and robagbersecurity to ensure reliable water and
power supply

Distributed Energy Resource (DER) Integration: Smart system development to manage increased
use of decentralized technologies such as home solar and battery storage

Technology Selection and Diversition: Evaluation of solar, wind, hydro, geothermal, and
energy storage technologies for system viability

Advanced Energy Efficiency Technologies: Application of modern efficiency solutions across
industrial, commercial, and residential sectors

Smart Grid Implementation: Deployment of digital infrastructure to optimize electricity
transmission, distribution, and consumption

R&D Capacity Enhancement: Strengthening domestic research capabilities to reduce technology
imports and foster innovation

Innovation Panerships: Investment in joint research and strategic collaboration with academic
and private sector institutions
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Xiii.

Xiv.

XV.

Energy Efficiency and Demand Management: Technzogypled solutions to reduce demand
growth while maintaining service quality

Gas Infrastrature as the Foundation for a Future Hydrogen Economy: Investing in a national gas
pipeline network will create the backbone for transporting green and blue hydrogen in the coming
decades

Virtual Pipeline Technology as an Agile Enabler for Fuel SwitEréptnying CNG and LNG virtual
pipelines enables rapid delivery of Risha gas to industrial markets, accelerating displacement of
expensive imported fuels before the main pipeline is completed

E. Environmental Factors

Water Scarcity and Arid Conditions: Peemstdrought and water shortages in Jordan pose major
constraints on energy production, especially for thermal and watgnsive technologies

Efficient Water Resource Use in Energy Planning: Energy strategies must incorporate
waterZfficient technologiesand prioritize lovonsumption systems to address national water
constraints

Desalination Integration: Solgand gagowered desalination is emerging as a strategic response
G2 W2NRFYyQa g SN a0l NOA ( BsectorN& élapmheNth y 3 O2 2 NRA Y |

F. Legal Factors

iv.

Vi.

Vil.

Viii.

Need for Updated Environmental Legislation: New legal frameworks are required to manage the
environmental risks associated with oil shale extraction and future nuclear energy development

WatercEnerggFood Nexus Regulation: Mandatory targétsthe 2015 Energy Efficiency and
Renewable Energy Policy for the Water Sector require a 15% reduction in energy use for pumped
water and a 10% increase in renewable share by 2030, shaping project design across sectors

AirQuality Standards & Enforcemertmbient air quality compliance dipped from 98.2% in 2021
to 96.4% in 2022, underlining the need to tighten emissions permits for power plants and
dustauppression requirements around solar farms

Biodiversity Impact Assessments: Desertification and end&wolgepecies habitats necessitate
compulsory biodiversity surveys and hab#zfset requirements for large solar and wind farms
under revised Environmental Protection Law guidelines

al yRFG2NE [/ FND2y [/ I LI dzNBEMittyigRProjedish Eahlishiménhoty” 6/ / |
legal requirement for new energy and industrial projects to integrate carbon capture technologies

FYR LINAR2NAGAT S (KS O2y@SNBA2Y 2F OF LIJidzZNBR / hi
feedstock for a circular carbon economy.

It is worth mentioning that, although the analysis of internal factors was enriched with some contributions
identified by respondents in the PESTEL analysis, a specific analysis was developed within the framework

of the methodology supported by IRENA and therM/Bank (Energy Sector Readiness Framework), which
Ffft26SR F2NJ 0KS ARSYUAFAOFIGAZ2Y 2F (GKS YIAYy aidNBy3
impact strategy development.

39



As previously mentioned, this analysis was based on the review of gtiategies, institutional
documents, and accumulated knowledge, meetings with representatives of key sector entities, and the
use of artificial intelligence to process large volumes of information and ensure a thorough evaluation.
This analysis enabledhd direct identification of strengths and weaknesses, which were used for the
formulation of the SWOT analysis presented below.

2.2 SWOT Analysis

Once the most relevant factors were identified, all analysis elements were formulated and classified
within the categories of the SWOT matrix. The elements of the strategic analysis are presented below:

2.2.1 Strengths

i.  Abundant Renewable PotentialJordan benetfs from worldleading solar irradiance and
designated wind corridors in southern and eastern regions, with renewables growing from
20% of generation in 2020 to nearly 27% by 2024 and a target of 50% by 2033.

ii. Diversified Energy Mix & Infrastructuréntegiation of LNG imports, solar, wind, and oil shale,
O2YO0AYSR $6AGK 3ANAR OF LI OAGe SELIyYyaAz2y FNRBY H
reduces singlsource dependency and enhances reliability.

iii. Regional Hub Potential Transmission interconnections with V¢, Syria, Lebanon, and

Palestine bolster security and export capacity, while planned routes like theq@@agiaa oil
pipeline further diversify supply.

iv.  Mature Regulatory & Investment FrameworkA robust IPP model, PPAs, net metering,
wheeling policies, r’d clear licensing procedures under the 2012 Renewable Energy and
Energy Efficiency Law attract local and foreign investment.

v. Human Capital & R&D Capacitystrong expertise within MEMR, NEPCO, and EMRC,
supported by graduate programs and active researdafters, ensures skilled workforce and
innovation, with adequate funding for applied research.

vi. Clear Longlrerm Strategy The National Energy Strategy 22030 provides policy stability
and ambitious targets for energy independence and renewable deployment.

vii.  Risha Gas Field Prospe¥ts 52 YSaGA O 3IFLa FNRBY (GKS wAakl FASE
08 HANH® YR non aa{/ C5 o6& Hnonx 2FFSNE I LI
wholesale gas prices.

viii.  Integrated WaterEnergy SolutionsPilot projects irenewablepowered desalination and
water¢energyfood nexus regulation demonstrates innovative approaches to address chronic
water scarcity.

2.2.2 Weaknesses

i.  High Import DependencyOver 90% of primary energy is imported, representinj086 of
GDP and exposingrdian to global price volatility and geopolitical disruptions.
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ii. Grid and Integration ConstraintsLimited transmission and distribution capacity cause
renewable curtailments, while slow smart grid and demaesponse rollout hampers system
flexibility.

i.  Finarcial Strains & DebtBurdefi b 9t / hQa | OOdzydzZ i SR RS&dG FNRY
term LNG contracts burdens public finances and restricts sector investment.

iv. Regulatory & Policy Gap#\bsence of dedicated frameworks and slow permitting for green
hydrogen, powerto-X, largescale storage, and desalination integration deter emerging
technologies.

v. Water Scarcity ConstraintsChronic drought and limited water resources restrict water
intensive energy projects, such as hydrogen production, solar coolindaggeddesalination
plants.

vi. Insufficient Storage & Deman&ide ManagementLimited energy storage infrastructure and
nascentdemandNB a L)2y aS LINP3INIF Ya NBRdzOS (KS 3aINRARQa |

vii.  Transport Sector RelianceHigh dependence on iported petroleum derivatives for
transport, which accounts for nearly 50% of final energy demand, and low EV uptake impedes
decarbonization.

viii.  Sectoral Energy Intensityindustrial and agricultural sectors, including cement, phosphates,
and pumped irrigation consume high energy shares with limited efficiency and recovery
measures.

ix. Tariff & Subsidy ChallengeE&lectricity pricing structures and heavy subsidies for households
and agriculture strain public finances and fail to incentivize efficient consumption.

X. Human Capital ShortagesGaps in deep technical knowledge of emerging renewable
G§SOKy2t23ASa FyR fF01 2F LINRPFSaaAz2zylf OSNIAT
and maintain advanced systems.

Xi.  Market Scale Limitation¥ W2 NR I y Q& market dizé comsaNiSeiandmi@s of scale
for local RE manufacturing and limits commercial viability of certain technologies.

2.2.3 Opportunities and Threats

For the case of Threats and Opportunities, the identified factors were grouped, as much as possible and
when deemed necessary, to simplify the crasmlysis and the definition of strategic axes. An additional
assessment of their impact on the sector wasoaconducted for this grouping, discarding factors that,

Ff 0K2dzZ3K AYLRNIIFIYGZ RAR y20 KI@S | aA3yAFAOIYyl AY
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Category

PESTEL

Table2: Opportunities and Threats

Factor

Commitment of

Opportunity / Threat

Opportunity: Leverage clear
policy signals to attract loaerm

Political government to renewables greerenergy partnerships (e.g High
trategy 202Q2 . A e
(strategy 20262030) 9! G4DNBSY / 2 NNJ
. . Threat:Geopolitical instability in
. Regional tensions & . . .
Political supphZutoff risk neighboring states could abruptl  High
PP disrupt fuel and power imports.
Threat: Global fuéprice shocks
Economic H_|gh _|mport d.e.pendency & sFral.n' public budggt and prOJect High
oil4rice volatility viabilityt undermining tariff
stabiity.
Opportunity: Expand
Renewablénergy finance | climatefinance deals and
Economic | potential & investor greendond issuances to fund High
incentives largescale solar, wind and greer
li LNR2SOGaod
Threat: Heavy utility debt and
. NEPCO debt burden and | subsidy obligations reduce fiscal .
Economic . . . Medium
subsidy structure space for new investments in
clean technologies.
Opportunity: Mobilize social
. . license and community
Social Growing public & youth codnvestment in distributed Medium
support for renewables .
solar, storage and efficiency
programs.
Threat: Lack of connectivity and
Social Digital d.IVIde &.Ilmlted skills |mped§s demglﬂ:ésponse Medium
smar@@yrid readiness rollout, slowing flexible load
management.
Advanced grid capacity & Qpportymty: Imp_IeTment. dynamig
. . . line rating and digital grid ,
Technological| smari@yrid modernization . X High
controls to integrate higher
plans .
shares of variable renewables.
Technological Lack of storage & Threat: Insufficient storage and | High

demand&ide management

DR systembmit peak&having
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and flexibility, increasing risk of
curtailment.
Opportunity: Export surplus
. Abundant solar & wind green poyver to neighbors or ,
Environmental [ESOUICEs Europe via planned High
interconnections, generating ney
revenue.
Threat: Chronic water shortages
. Water scarcity & nexus constrain watedntensive .
Environmental . Medium
pressures projects (e.g., CSP, hydrogen,
desalination) without storage.
Opportunity: Streamline a
Mature IPP/PPA . a < o
ature IPP/ G2 A& 2 L) A Kepnitéto T .
Legal framework & clear . Medium
. . accelerate project approvals and
licensing . .
reduce investor risk.
Threat: Slow or absent
Regulatory gaps for regulations for novel technologie
legal |SYSNBAy3 G§¢@ c9vamo 99 High
hinder pilot scaléip and
storage) .
commercial deployment.

Below is a strategic analysis of the Jordan energy sector using the SWOT matrix, whielxaimosss
Strengths (S), Weaknesses (W), Opportunities (O), and Threats (T) to derive actionable strategies. The
analysis is organized into four categories:

Expamion Strategies (S+0O): Leverage strengths to capitalize on opportunities.

Protection Strategies (S+T): Use strengths to mitigate threats.

Reorientation Strategies (W+0): Address weaknesses to exploit opportunities.

Resilience Strategies (W+T): Mirgmrisks in critical scenarios.

SWOT Matrix Cross Analysis

Below is the result of the crosmalysis, presenting the considered elements, the proposed strategy, and

iKS
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Table3: Results of the crosanalysis

CATEGORY FODA
COMBINATION

Expansion Abundant
(S+0O) solar/wind (S) +
EU green corridor
demand (O)

MaturelPP
framework (S) +
green finance
potential (O)

Regional hub
potential (S) +
smartgrid
modernization (O)

Protection Diversified energy
(S+T) mix (S) +

geopolitical

instability (T)

Clear longterm
strategy (S) +
NEPCO debt

burden (T)
Human capital (S)
+ digital divide (T)

Reorientation High import
(W+0O) dependency (W) +
renewable finance
(©)

Grid constraints
(W) + advanced
grid tech (O)

PROPOSED
STRATEGY

Develop largescale
solar/wind farms with
export contracts to
Europe via
interconnections
Attract private
investors for renewable
projects through
sovereign green bonds
and climatefinance
partnerships.

Upgrade grid
infrastructureo enable
crossborder energy
trading and dynamic
load management
Strengthening energy
security by accelerating
domestic gas (Risha
field) and renewable
deployment.

Reform subsidy
structures and introduc
costreflective tariffs to
reduce fiscal strain
Launch training
programs for smaigrid
technologies to bridge
theskills gap

Secure concessional
loans to fund local
renewable
manufacturing,
reducing import
reliance

Partner with tech firms
to pilot battery storage
and demandesponse
systems

IMPACT

High

High

Medium

High

High

Medium

High

High
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Water scarcity (W) Scale up renewable Medium
+ waterenergy  powered desalination

nexus (O) projects with
international funding
Resilience Tariff subsidies Phase out subsidies High
(W+T) (W) + oil-price gradually while
volatility (T) implementing social

safeguards for
vulnerable groups

Lack of storage Fasttrack regulatory High
(W) + regulatory approvals for storage
gaps (T) pilots to prevent
renewable curtailment
Small market size Diversify export Medium

(W) +regional  markets for renewable
tensions (T) energy to reduce
dependence on unstab
neighbors

2.3 Strategic Axes

¢CKS adN)rGS3e FT2N) GKS RS@St2LISyld 2F W2NRIFIyQa SySN
has enabled the qecise identification of critical challenges and strategic opportunities to consolidate a
sustainable and competitive energy sector. This analytical process led to the definition of seven strategic

axes, carefully designed to guide the Ministry of Energy Mineral Resources (MEMR) in implementing

the national strategy.

These pillars address both the structural and situational challenges of the sector as well as emerging
opportunities within the global energy transition context, promoting sustainabiligchnological
innovation, energy security, and resilience. Through coordinated planning, efficient execution, and a
resultsbased approach, these lines of action will position Jordan as a benchmark in energy development,
aligned with national goals of ecomic growth, social inclusion, and environmental protection.

¢CKS AGNIGSIAO LAEEINBA NBLNBASYG LINA2NRGE | OGAz2y f
strategy. Inspired by the strategic themes proposed by Norton and Kaplan within thec8al&corecard

framework, they represent focal areas that integrate specific, measurable objectives aligned with the
aSO02NNa AaGNIGS3IA0 GAaA2yd 9FOK LIAfTEFN I RRNBaasSa
environmental sustainability, operationalfficiency optimization, adoption of innovative technologies,
governance strengthening, and enhancement of economic competitiveness.

This structure allows for translating SWOT analysis findings into concrete initiatives, ensuring a holistic
approach thatbalances the internal needs of MEMR with the dynamics and demands of the global
environment. Furthermore, the strategic pillars facilitate intestitutional coordination, efficient
resource allocation, and continuous monitoring of progress toward estaddi objectives, ensuring
effective and transparent management of the sectoral strategy.
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To ensure the successful implementation of this strategy, it is recommended that the entity responsible

for energy sector planning develop a managementtool basedbiii 2y | yR YI LX I yQa . | f |
¢tKAA (22f O02dzZ R 6S O02YLX SYSYGSR o0& G(KS ONBIFrGAZ2Yy 2°
visually and clearly articulate the objectives, indicators, and targets of the seven strategic pillars.

Thestt 6SIAO0 YI LI gAff aASNBS a I O2YYdzyAOF A2y FyR |
to be shared at all levels within MEMR and with key stakeholders, including strategic partners,
government institutions, investors, and civil society. This apph will strengthen coherence in strategy

execution, promote accountability and cresector collaboration, maximize the impact of proposed
AYAUGALFGABSaT yR SyadaNB G(KS | OKAS@SYSyid 2F W2NRFY
Below are the seven identifiedrategic axes:

ENERGY SECURITY, EFFICIENCY & SUPPLY DIVERSIFICATION

Purpose: Ensure the longerm availability, resilience, and sustainability of energy supply by
combining diversified domestic production, regional integration, and enhanced energy efficien
across all sectors.

Scope:Expansion of renewable energy (solar, wind), development of the Risha gas field, oil shale
utilization, enhancement of regional interconnections, croatfing enhancement of EE across the
industrial, residential, commerciainstitutional, and agricultural sectors, leveraging regulatory
frameworks and implementation tools

Orientation: National sovereignty, reduced import dependency, and resilience against geopolitical
shocks.

Key Stakeholdersd EMR, NEPCO, NPC, regional enerigystries.

SUSTAINABLE AND INCLUSIVE ENERGY TRANSITION

Purpose: Accelerate the shift to lowearbon energy systems while ensuring social equity and
environmental integrity.

Scope:Decarbonization of the energy matrix, integration of green hydrogen, reb@mowered
desalination, and phasing out of fossil fuel subsidies with social safeguards.

Orientation: Climate commitments (NDCs), social protection for vulnerable populations, gvater
energy nexus.

Key StakeholdersMEMR, MoEnv, Ministry of Social Develamt Donors (EU, GCF, GIZ).

GRID MODERNIZATION AND SYSTEM FLEXIBILITY

Purpose:Build a smart, adaptive and robust power system capable of integrating high shares of
renewable energy.

Scope:Smart grid deployment, battery storage pilots, demaside managerant, digital substations,
dynamic line rating.

Orientation: Reliability, curtailment reduction, load balancing, and energy efficiency.

Key StakeholderdNEPCO, EMRC, private tech companies, universities.
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V1.

VII.

MARKET LIBERALIZATION AND FINANCIAL SUSTAINABILITY

Purpose:Reform the energy market structure to promote transparency, attract investment and
reduce fiscal burdens.

Scope:Tariff reform, debt restructuring of NEPCO, easftective pricing, green finance mobilization
(sovereign green bonds).

Orientation: Investment attractiveness, NEPCO viability, fargn affordability.

Key StakeholdersMinistry of Finance, EMRC, private sector, multilateral banks (World Bank, EIB,
AFD).

HUMAN CAPITAL AND INNOVATION ECOSYSTEM

Purpose: Strengthen institutional, techni¢ascientific, and datariven capacities to support the
energy transition, technological innovation, and evidehesed decisioimaking.

Scope:Technical training for smart grids, R&D in hydrogen and storage, RE certification schemes,
universityindustry partnerships, and integration of dat@riven approaches within the national
energy strategy to enhance public policy development and strategic degisiding.

Orientation: Workforce readiness, local innovation, knowledugesed and datanformed economy.

Key Stakeholders:MEMR, universities, vocational centers, international cooperation agencies,
national data and digital transformation bodies.

REGIONAL LEADERSHIP AND ENERGY DIPLOMACY

Purpose:Position Jordan as a regional hub for clean energy productiansit, and trade.

Scope:Crosshorder energy trading, powein-X exports (duels), regional interconnectors, green
corridors with EU and GCC.

Orientation: Economic diplomacy, export diversification, strategic alliances.

Key Stakeholdersd EMR, NEPCO, N#itry of Foreign Affairs, regional partners, EU.

INSTITUTIONAL COORDINATION AND REGULATORY MODERNIZATION

Purpose: Strengthen governance and streamline regulatory processes to accelerate project
implementation.

Scope:Harmonized licensing procedures, landeuplanning, fastracking permits for emerging
technologies, multisectoral alignment.

Orientation: Procedural efficiency, investment facilitation, regulatory clarity.

Key Stakeholder€E£EMRC, MoEnv, MEMR, Ministry of Planning, local governments.
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2.4 StrategicRoadmap

The proposed Strategic Roadmap defines twelve strategic actions that together provide a coherent
NEFRYFLI G2 | RGIFIYyOS W2NRIyQa SySNHE (NryarAdAiAzy:
integration. Each action includes its main acit@st indicative duration, performance indicators, key
institutional responsibilities, partners, and enabling conditions.

Development of Large-Scale Solar and Wind Farms with Export Contracts to Europe
and Pan-Arab Region

Jordan will carry out feasibilitgtudies in selected higphotential zones, tender Independent
Power Producer (IPP) projects, and sign {tergh Power Purchase Agreements (PPAs) with
European and Arab partners. The plan also includes the development of regional grid
interconnections to enble electricity export. This action will span approximately 5 to 8 years,
with progress measured by the capacity installed (MW), number of PPAs signed, and total
exported energy (GWhlyear).

Main responsibility MEMR, supported by NEPCO, the European CaiunjsGCC and private
developers.

PrerequisitesGrid capacity upgrades, clear land allocation, and an updated regulatory framework
for crossborder trading.

Attraction of Private Investors through Sovereign Green Bonds

The Ministry of Finance, in coondition with MEMR and the Central Bank, will issue sovereign
green bonds to mobilize capital for renewable agmkrgyefficiency projects. Complementary
activities include investment forums and credit enhancement mechanisms to reduce investor risk.
This adbn, estimatedio be over2 to 4 years, will be measured by the total bond issuance (US$)
and private investment attracted.

Key partnersMDBSs such as the World Bank, EBRD, and the Green Climate Fund.

PrerequisitesCredit rating stability and a strong Edramework for green bond issuance.

Upgrading Grid Infrastructure

To support renewable integration, NEPCO will implement sigddlt pilot projects, expand
interconnections, and install SCADA and Dynamic Line Rating (DLR) systems. The initiative,
spanning 5 to 7 years, aims to increase interconnector capacity, reduce grid losses, and enable
reakHime system management.

Key partnersEMRC, the Arab Fund, and major technology providers such as Siemens and ABB.

PrerequisitesA comprehensive grid master pland secured financing.
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IV. Strengthening Energy Security through Domestic Gas and Renewables

VI.

VII.

This action targets the enhancement of energy-selfficiency by developing upstream facilities

in the Risha gas field and expanding renewable generation. Sedpidensing procedures will
accelerate private participation. Over 4 to 6 years, the plan seeks measurable increases in
domestic generation capacity and gas output, alongside a reduction in energy imports.

Main responsibility National Petroleum ComparfilPC), in partnership with MEMR and private
operators.

PrerequisitesUpdated upstream regulations and development financing.

Reforming Subsidy Structures and Implementing Cost-Reflective Tariffs

NEPCO will lead the design of a gradual tariff refeupported by public consultation and
improved digital billing systems. Over a 2 tgehr horizon, the reform will aim to reach cest
reflective tariffs while ensuring affordability through targeted social measures.

Key partnersEMRC, Ministry of Social @dopment, IMF, and World Bank.

PrerequisitesPolitical consensus and a supportive legal framework.

Launch of Training Programs for Smart-Grid Technologies

NEPCO, in coordination with EMRC and national universities, will develop and deliver certificatio
programs focused on smagrid technologies and renewable integration. Over a 1 ipe8r
period, the goal is to build a skilled workforce, measured by the number of certified professionals
and training completion rates.

Partners:Donors

Prerequisitesinstitutional partnerships and training infrastructure.

Securing Concessional Loans for Local Renewable Manufacturing

JEDCQJordan Enterprise Development Corporationjll establish mechanisms to secure
concessional financing and incentives to promotealaenewable energy manufacturing. This 3
to 5year action seeks to increase local content astablish manufacturing facilities for

components such as solar panels, batteries, and cables.

Key partnersMEMR, UNIDO, and international technology firmsrfithie EU) USAand China.
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VIII.

XI.

Prerequisitesinvestment framework, incentive policy, and loan agreements.

Piloting Battery Storage and Demand-Response Systems

To improve grid flexibility, NEPCO will identify pilot sites and deploy tgdile battery system
while launching demandesponse trials with selected consumers. The 2-4@dr initiative will
be evaluated based on installed storage capacity (MWh) and renewable curtailment reduction.

Partners EMRCBESS manufacturerand international donors.

Prerquisites:Regulatory approval for pilot programs and secured financing.

. Scaling Renewable-Powered Desalination Projects

The Ministry of Water and Irrigation will lead the design and execution of desalination plants
powered by renewable sources. Oveln3 years, the program aims to diversify water supply and
enhance energywater nexus resilience.

PartnersMEMR and the EU.

PrerequisitesFeasibility studies, environmental permits, and financing arrangements.

Phasing Out Subsidies with Social Safeguards

The Ministry of Social Development, in coordination with the Ministry of Finance and NEPCO, will
implement a gradual phaseut of subsidies accompanied by a robust social protection
mechanism. This 2 to-ylear program will leverage digital identity sgsis to ensure equitable
support to vulnerable households.

KPI:Reduction in subsidies, number of households supported, and public acceptance rate.

PrerequisitesFunctional social protection systems and stakeholder engagement.

Fast-Tracking Regulatory Approvals for Storage Pilots

EMRC will establish an interinisterial task force to streamline the approval process for storage
related projects. Temporary regulations will be issued to enable timely pilot implementation. The
1 to 2year measure aims to rede the time required for regulatory approval and accelerate
deployment.

PartnersMEMR, MoEnv, and private developers.
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XIlI.

Prerequisitesinstitutional coordination and legal provisions for pilot regulation.

Diversification of Export Markets for Renewable Energy

MEMR will pursue new export opportunities through bilateral negotiations, memoranda of
understanding, and joint infrastructure development. This 4 tgedr initiative seeks to
AO0NBY3IGKSY W2NRIYyQa LRaAAGAZ2Y | a exporisfodnke EY | f
and GCC markets.

Partners NEPCO, the GCC Interconnection Authority, EU institutions, and the EIB.

PrerequisitesBilateral agreements, financing, and regulatory harmonization.
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3 Status and prospects of the energy sector in Jordan
3.1 Introduction

Over the past two decades, Jordan's energy sector has undergone a fundamental transformation driven
by a combination of necessity, opportunity, and leeegn strategic planning. The Kingdom's heavy
reliance on energy imports, almost 95%tatial primary energy supply ten years ago, made its economy
vulnerable to global fuel price fluctuations and regional supply disruptions. In response, Jordan launched
a series of ambitious reforms and investments aimed at diversifying its energy mixyvingpenergy
efficiency, and enhancing the security and sustainability of its energy system.

I OSYGNYf FSIGdz2NBE 2F W2NRIFEyQa GNXyaixidiazy KIFI& 0SSy
significant solar and wind potential and clear regulatbmeworksled to an increase of the installed

renewable capacity from near insignificance in 2010 to around 2.4 GW by 2023. This transformation is
underpinned by policies enabling power purchase agreements, net metering, and wheeling arrangements.

3.2 Main charateristics of the energy sector

The current chapter presents all the significant elements, which contribute to the formulation of the socio
economic and energy context of Jordan. Moreover, statistical indicators are analyzed to facilitate both the
developnent of the energy scenarios and the analysis of the results obtained. The analysis in the current
section was based on the statistical data published by MEMR.

3.2.1 Socieeconomic context

The increase of the population in the period 2eA@P3 accounts to 72% ¢fire 18). More specifically,

the total population in 2023 was equal to 11.5 million inhabitants, while the average increase rate over
the period was 6% on annual basis. Nevertheless, different population growth rates were identified in the
periods 20162012, 20122018 and 2012023 (5%, 7% and 2% correspondingly). Until 2018, the increased
growth rate was mainly due to the massive arrival of the refugees freighboringcountries (Syria, Iraq,

etc.). The population increase and the tendency for urbanipatice crucial factors affecting the final
energy consumption.

The GDP calculated at constant 2016 prices increased by 34% in the perieB02@1@ith an average
increase rate equal to 2% annually (Figure 19). Nevertheless, the evolution of economic igiewtias
decelerated after 2010 and remained constant at the level of32%w0n annual basis until 2023 with the
exemption of 2020 which was equal 6% and 2021 which was equal to 4%, indicating the effect of the
pandemic. Moreover, the GDP per capitaswaduced by approximately 22% in the period 22023,
mainly due to the significant increase of the population as seen above.
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Figure21: Gross ValugAdded Contribution of the enelise sectors to the GDP in the period 202023

The structure of the economyf éhe country has changed gradually since 2010, with the contribution of
the service sector (Figure 20) increasing slightly leading to the respective reduction of the contribution of
industrial sector. The share of the agricultural sector remained constarihg the same period. This
indicates that no major structural changes have been observed in the economy of Jordan since 2010.

3.2.2 Primary Energy Supply

The indigenous primary energy production to natural gas (96.2% of the total energy production in 2023)
and oil (3.8% of the total energy production in 2023) (Figure 21). The product@mhirfreased by 17%

in the period 2012023, with a peak in 2021 ubstill the quantities are limited to about 6ktoe in 2023.

The increase of local production of natural gas amounted to 1% with a continuously declining trend until
2019 (with an exemption of 2015). A reversal in the trend is observed since 2020, driigarisjfied
RSOPSt2LYSyid 2F GKS wAaakKl 3Ira FASERXI gKAOK A& GKS

7WorId Bank Databank, 2025
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Figure22: Indigenous energy production in the period 202023

The limited local fossil energy primary enespurces led to increased energy imports. Specifically, the
total energy imports remain around 8Mtoe in the period 2e2@P3, with a peak above 10Mtoe in 2017.

In 2023 total imports amounted to 7,406 ktoe (Figure 22). Out of this amount, 58.9% of thiertptated
energy are crude oil and oil products, while the imported natural gas amounted to 39% of the total energy
imports in 2023. Crude oil remains the most significant among the oil imports, while significant was the
share of diesel (23.9%) and gasol{a&.9%) in 2023.

8 MEMR, 2023
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Figure23: Energy imports in the period 2012023

The energy exports in the period 202023 were limited to a small amount of electricity (amounted to
73.2 GWh in 2023), and a limited amount of natural gas thas reexported from 2016 to 2018
(amounted to 249.1 ktoe in 2018) to cover the natural gas shortage in Egypt temporarily.

The primary energy supply increased by 22% in the period-2028 with an average annual growth rate

of 2% mainly due to the increa of the GDP and the significant penetration of RES (Figure 23). The supply
of oil products decreased over the period 262023 by7%,and the respective share of natural gas
increased by 33% respectively. The share of oil products to the primary engngly $n 2023 was 49%,
while natural gas constituted the second most important fuel to primary energy supply (34%). In the
period 201602014 imports were limited due to the shortage of gas in Egypt. This led to a temporary shift
to the use of oil productsf electricity generation and to a significant increase in the generation cost. The
share of diesel, gasoline and LPG was significant during the perioe2R@30and it grew by 62%, 156%

and 114% over this period, respectively.

Renewable energy, and in paular electricity generation from renewables, increased with an average
annual rate of 52% leading to a more than sixfold increase over the period from 2010 to 2023. Electricity
generation from RES is the most significant contribution, covering 82¥edbtal renewable energy
supply. The penetration of solar thermal energy, which represents 15% of the renewable energy supply
in 2023, is growing constantly over the period examined, with a 70% increase from 2010 to 2023. Biomass
reporting in the energy dlance started in 2016, and it represents a share of 3% of the renewable energy
supply in 2023.
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Figure24: Primary energy supply in the period 204023 (MEMR, 2023)
3.2.3 Transformation SectoRefinery

W2 NRI Yy Q& &2t &atedl hyfthe BuBianPgtidldlin Réfidery Zadpany (JPRC). Located in Zarga,

the refinery operates at a crude oil processing capacity of approximately 40000 barrels per day. The facility

is responsible for producing a range of petroleum products, includiaglige, diesel, jet fuel, heavy fuel

2Af o1 ChoX YR fAIdZSTASR LISGiNRE Sdzy I+ a oO6[tDOD | Az
domestic fuel demand, although the country continues to import substantial volumes of refined products
tomeetconslzY LJGA 2y YySSRad Wt w/ Qad LINRPRdzOGA NS R2YAYyl (SR
nearly half of total output, alongside significant shares of gasoline, HFO, and LPG. In recent years, the
refinery has faced operational and financial pressure tuaging infrastructure and limited complexity,

prompting plans for a major upgrade to enhance efficiency, environmental performance, and product

quality in line with international standards. As can be seen in Figure 24, the refining of oil products
decreased by 47% between 2010 to 2023. Comparing the quantity of refined products with the respective
demand in the period 2022023 it can be seen that a considerable share of the demand was covered by

the refinery output for diesel (52%) and gasoline (45%ilenor LPG this share was rather low at 18%

(Figure 25).
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Figure25: Energy content of crude oil versus refined products in the period 2Q023 (MEMR, 2023)

2500
2000

1500

1000
‘ ““ (| T TTTTe ““““ “‘

0

ktoe

o

Diesel Ref Diesel Dem Gasoline Ref Gasoline Dem LPG Ref LPG Dem

2010 w2011 m2012 w2013 = 2014 m 2015 m 2016
2017 H2018 M 2019 W 2020 = 2021 = 2022 = 2023

Figure26: Comparison of refined oil products the country to total oil products consumed in the period 202023 (MEMR,
2023)

58



3.2.4 Transformation SectoiElectricity

The electricity generation from conventional fuels increased by 18% in the period22@BOwith an
average annual growth rate equal to 1%he share of electricity generated from renewables in the energy
purchased (that is at the level of the transmission network) has grown from 0.5% in 2010 to 18% in 2023
(Figure 26). The corresponding total share of renewable electricity generationd{imglauto production

and generation at the distribution level) reached almost 27% in 2023.
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Figure27: Electricity purchased by fuel in the period 202023 (NEPCO, 2023)

Conventional electricity generation is mainly basednatural gas (83% in 2023) and oil shale (17% in
2023). Diesel was consumed mainly in the period 28A105 in order to substitute natural gas, due to the
import shortage. In the period 2018018, natural gas became the dominant fuel for electricity genemati

with corresponding shares ranging from 84% in 2016 to 88% in 2018. The generation from oil shale started
in 2022 and reached 14% of the electricity purchased by NEPCO in 2023.

The liberalization of the electricity sector started in 1996, while elettripgeneration and distribution
sectors were privatized in 1999. The National Electric Power Company (NEP@®) istate owned and

owns the National Control Center and the transmission network, which consists of high voltage
transmission lines of 132 kW@ 400 kV. Th#linistry of Energy and Mineral Resources (MEMR) develops
the longterm strategy of the energy sector, while the Energy and Mineral Regulatory Commission (EMRC)
was established to monitor and regulate the energy and minerals sectors. EMRE agtthe regulatory

and monitoring body for the Electricity, Radiation Protection, Nuclear Safety & Security, and Mining
Sectors, and therefore, ensures the application and enforcement of lawawsy instructions, and
directives specific to the regulan within these sectors.
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Figure28: Input for electricity generation in the period 2022023 (Source: MEMR, 2023)

Indicative figures for the various characteristics of the electricity sector are presentbd imext able.
Between 2022 and 2023, peak load increased modestly from 4,010 MW to 4,240 MW, while the available
generation capacity rose in parallel, both for conventional (from 4,208 MW to 4,443 MW) and renewable
technologies (from 1,583 MW to 1,617 MW), indicating camith investment in system expansion and
diversification. Electricity sales grew by 3.2%, reflecting rising demand. Operational performance
improved as transmission losses fell from 1.92% to 1.81%, and all reliability indicators showed
enhancements. The nuneb of interruptions halved, while unsupplied energy dropped from 836 MWh to
just 155 MWh. Average interruption duration declined from 3.5 to 1.3 minutes, and total annual outage
hours dropped from 75 to 20.2. These trends demonstrate greater system mnesilidetter grid
management, and improved service quality to consumers.

Table4: Figures of the electricity sector in 2022 and 20&urce: National Electric Power Company, 2P23

Figures 2022 2023
Peak Load (MW) 4010 4240
Available Capacity for Conventional 4208 4443
Interconnected System (MW) Renewable 1583 1617
Sold Electrical Energy (GWh) 20446 21105
Transmission Losses (%) 1.92 1.81
Number of Interruptions 1.3 0.7
Unsupplied Energy (MWh) 836 155
Averagenterruption Duration (Min/ Interruption) 3.5 1.3
Average Unsupplied Energy (MWh/ Interruption) 39 9.6
Interruption Duration (Hour) 75 20.2

The available capacity for electricity production on the transmission system level from different
technology types is presented ihe next @ble for the period 201:2023.
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Table5: Available capacity (MW) for electricity generation on the transmission network in the period 20093(Source:
National Electric Power Company, 2023

Units 2019 2020 2021 2022 2023
Steam 605 360 360 595 830
Gas Turbines 83 83 60 60 60
Combined Cycle 2739 2739 2739 2739 2739
Diesel* 814 814 814 814 814
Wind Energy 369 518 622 621 621
Hydro 6 6 3.6 3.6 3.6
Solar 637 887 938 958 992
Total Renewaple 1012 1411 1564 1583 1617
Conventional 4242 3996 3973 4208 4443

* HFO, Diesel, NG

The electricity generation from different types of technologies is preseintélde nexttable for the
period 20192023.

Table6: Purchased electricity (GWh) in the period 262023 (Source: National Electric Power Company, 2023)

Sector Units 2019 2020 2021 2022 2023
Steam Units 140.4 71.6 323.3 1232.5 3036.2
Combined Cycle 15313.3 | 14585.4 | 13924.8 | 13672.5 | 13322.4

Power |_Simple Cycle 313.2 413 514.9 498.5 499.7

Sector Diesel Engines 1026.6 698 681.6 1107.5 535.6
Hydro Units 18.4 18.3 18.7 19.1 22.4
Wind Energy 874.9 1378.8 | 1595.5 1748.2 1647.1
Solar Energy 1341.2 1645.2 2162.6 2222.3 2143

Imported energy (Egypt) 239.3 380.6 394.8 262.5 266.4
Others 5.4 3.3 2.6 0.1 0.6
Total 19272.7 | 19194.2 | 19618.8 | 20763.2 | 21473.4

Jordan has actively pursued regional electrical interconnection projects as a strategic component of its
energy security and export diversification efforts (Table 5). These projects aim to strengthen grid
resilience, facilitate electricity trade, and supp regional cooperation. The Egyptian Jordanian
interconnection, operational via a 13 km 400 kV submarine cable with a current capacity of 550 MW, is
being evaluated for expansion to 2,000 MW, with feasibility studies under preparation. The Jorganian
Syrian line (400 kV, 147 km) remains inactive. A Jgtdgranon exchange agreement, relying on transit
through Syria, was signed but remains unimplemented due to regional instability. The Jericho
interconnection is advancing, with tH82/33 kV Rama subdian operational since July 2022 and the
second phase undestudy. The JordagSaudi interconnection, designed for 500 MW in its first phase and
1,000 MW at a second stagee under technical stugyhas. Moreover, Jordan is part of a broader Gulf
Egypt inteconnection scheme spanning 1,958 km with a projected capacity of 2,000 MW. Lastly, the
Jordarglraq interconnection is set to supply 1600 MW to AlQaim via a 336 km 400 kV line, with recent
contractual amendments enabling future exports.
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Table7: Existing and planned electricity interconnection projedSource: National Electric Power Company, 2P23

Project

Status

Voltage
(kv)

Length (km)

Capacity
(MW)

The Egyptian - Jordanian Electrical Interconnectid
(Submarine Cable)

Theenergy exchange contract was renew
for 2024

Both parties agreed to prepare the econon
and technical feasibility study for the proje
to enhance the capacity of th
interconnection line, aiming to reach 20(
MW, and to work on securing a fundin
sourcefor this study

The Egyptian side is waiting for the An
Fund for Economic and Soc
Development to provide a grant fq
funding the study

400

13

550

The JordanianSyrian Electrical Interconnection

During 2023, there was no exchange
electricalenergy

400

147

300-800

The Jordaniag Lebanese Electrical Interconnection

A contract for the exchange of electric
energy between the Jordanian and Lebang
sides, and an agreement to pass the ene
through the Syrian Grid, were signed in eq
2022,where it is hoped that (150) MW will b
supplied to Lebanon during the period (6:0
24:00), and 250MW during the period (24:
- 6:00), by the Jordanian Grid and through t
Syrian Grid

tKS lo2@S 02y (NI G
implemented, related to the curren
situation in the region

132

Via the
Syrian
network

150250

The JordanianPalestinian Electric Interconnection (Jerichc

The Rama Substation of 132 / 33 kV (fi
phase) has been operated iff 8f July 2022

132

30

80
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Voltage

Capacity

Project Status (k) Length (km) (MW)
On 15/2/2024, the agreement for the secor|
phase for the Rama transformer station h
been signed
The final forms of the interconnectio
agreements were prepared, and the work 112 in 500 in the
currently underway of a commercia Jordanian first phase,
The Jordaniag Saudi Electric Interconnection agreement The technical details related t 400 territory + 52| 1000 in the
the project are not finally approved in Saudi second
therefore the agreements are not ye territory phase
finalized.
The assumptions related to the commerc
model for electricity exchange were agreg
The Jordaniaq Gulf¢ Egyptian Electric Interconnection and feedback on the presented results w 400 1958 2000
provided by the relevant stakeholders fro
the three countries
On 11 of February 2024 the contrag . .
. e 330 in lraqi
between the two sides, has been modifie territory + 6
The Jordaniaxq Iraqi Electric Interconnection and the Jordanian side at the end of tf 400 . . 150200
. . in Jordanian
project, will be able to export (15200) MW territory

to AFQaim Substation in Iraq side

63




3.2.5 Final Energy Consumption

FinalEnergy Consumption (FEC) increased by 28% in the perioe2R@B0wvith an average annual growth

rate equal to 2% mainly driven by the economic groaid population increasdhe next Figurg In 2023,

the transport sector was responsible for almost half (45%) of the final energy consumption. In the period
20102023 the transport sector increased by 39% with an annual growth rate of approximately %, an
its relative share increased from 41% in 2010 to 45% in 2023.

The residential sector is the second most important contributor to the final energy consumption in 2023
with a share of 24%. The consumption of the residential sector increased by 60% énitte2102023,

while the respective share in the FEC increasedi® i 2023, compared to 21% in 2010. The FEC of the
industrial sector remained relatively stable with a slight increase of 3% in the period22@B0leading

to a reductionin its share m FEC, decreasing from 21% in 2010 to 16% in 2023. Finally, the FEC in the
services sector increased by 51% in the period 28028 retaining almost the same share in the total FEC
with a slight increase from 8% in 2010 to 9% in 2023.
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Figure29: Final energy demand by sector in the period 262023 (Source: MEMR, 2023)

Oil products have the highest share in the FEC since they cover 63% of the total in 2023 (Figure 29). The
share of oil products in the final energy demand increased by 6% in the perioe2R@B0maintaining

their dominant role, although the relative shareduced from the level of 75% in 2010. The increase
electricity consumption in the period 2032023 was equal to 50%, while the share of electricity in FEC
increased from 23% in 2010 to 28% in 2023.
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Figure30: Final energy demaah by fuel in the period 2012023 (Source: MEMR, 2023)
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Figure31: Final energy demand of each of the petroleum products in the period 220Q3 (Source: MEMR, 2023)

The average annual growth rate of the demand for oil producthé period 2010; 2023 was equal to
0.5%, while the corresponding growth rate for electricity was 3%. Nevertheless, oil products demand
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remains almost stable during the period from 2010 to 2014, with an increase of around 26% in the period
from 2015 to P17, while after 2017 their share decreased significantly, witlexaeptionof a peak in

2022, perhaps due to a pepaindemic rebound. In the period 202823, the decrease of the oil products

is due mainly to the decrease of fuel oil, diesel, jet fuetl ayasoline (41%, 26%, 39% and 10%
correspondingly). Diesel, gasoline and LPG are the most used fuels, with corresponding shares 37%, 34%
and 13% of the total oil products in 2023 (Figure 30).

In the industrial sector, electricity consumption increased4b%o in the period 2012023 and its share
reached39%of the total industrial FE@ 2023 (Figure 31). The consumption of oil products decreased by
59% in the period 2022023 mainly due to the reduction of fuel oil and diesel (26% and 76% reduction
from 2010 to 2023 respectively). Rebke was used as an alternative fossil fuel from 2013, having an
upward trend up to 2017, but its use was discontinued in 2019. In 2023, the share of fuel oil and diesel in
the final energy consumption in industry was equall6% and 12% respectively, while the contribution

of the LPG was rather low at 1%. Coal consumption in the industrial $exdreerreported since 2013,

with a share of 11% of FEC in 202Be consumption of natural gas appeared for the first time b0

and rapidly increased to levels around 22% in 2023.
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Figure32: Final energy demand of the industrial sector by fuel in the period 22023 (Source: MEMR, 2023)

The final energy intensity of industry has improved in the period Z0XB, since it decreased by 23%
resulting in 0.127 toe/1000JD in 2023 mainly due to the implementation of energy efficiency interventions
(Figure 32). The final energy intensity is dedfi as the final energy consumption of the industrial sector
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divided by the value added of the industry at constant prices (2016) providing an indication about the
energy efficiency of the sector.
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Figure33: Final energy intensityf the industrial sector in the period 2012023

In the transport sector, gasoline covers 50% of the sectoral FEC in 2023 (Figure 33), the contribution of
diesel is 39% and jet fuel is equal to 10%, while the quantity of fuel oil is marginal. Thédisseb

gasoline and jet fuels increased significantly in the period by 71%, 27% and 14% respectively.
Electricity consumption for transportation as reported in the energy balance is minimal (16GWh), but the
majority of EV charging happens inuseholds, leading to a change in the electricity demand in the
residential sector over the past five years. To address this issue EMRC imposed a license on electric vehicle
charging meters, and the tariff for these meters is cheaper than the househdaif] & it is charged at a
fixed-rate and does not depend on consumption segments, unlike the residential sector tariffs. EMRC also
implemented timeof-use tariffs for charging stations in order to encourage electric vehicle owners to
charge their vehiclesutside peak hours, benefiting from a lower tariff.

The final energy intensity of transport sector has slightly increased by 4% from 2010 to 2023, resulting in
0.085 toe/1000JD in 2023 (Figure 34). The final energy intensity is defined as the finalcemsigyption

of the transport sector divided by the GDP at constant prices (2016) providing an indication about the
energy efficiency of the sector.

9 Source: Own elaboration based on energy balance data from MEMR 2023 and value-added data from World Bank Databank, 2023
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Figure34: Final energy demand of transport sector by fuel in the peridd10-2023(Source: MEMR, 2023)
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Figure35: Final energy intensity of transport sector in the period 202023°

10 s0urce: Own laboration based on energy balance data from MEMR 2023 and-edlded data from World Bank Databank,
2023
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In the residential sector, electricity consumption increased by 83% in the periodZIZPand its share
increased from 44%k 2010 to 50% in 2023 (Figure 35). The consumption of oil products increased by 35%
in the same period (2022023) mainly due to the increase in the consumption of LPG (62% increase from
2010 to 2023). Moreover, the share of diesel was reduced to 6%28 @0mpared to 32% in 2010. The
shares of LPG and kerosene remain stable between 2010 and 2023 at 26% and 6% respectively. The
increase of solar thermal energy (solar water heaters) in the period-2028 was equal to 52%, reaching

a share of 10% of thenfal energy consumption in 2023. Finally, small amounts of biomass consumption
are reported in the residential sector since 2016 with a share of 1% in 2023.
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Figure36: Final energy demand of the residential sector by fuel in theripd 20102023 (Source: MEMR, 2023)

In the service sector, electricity increased by 89% in the period-2028,increasing its share from 50%

in 2010 to 62% in 2023 (Figure 36). The consumption of oil products decreased by 13% in the period 2010
2023 manly due to the decrease of diesel by 42%, although LPG consumption increased by 58%.
Moreover, the share of diesel to the final energy consumption was reduced from 32% in 2010 to 12% in
2023, while the share of LPG remained stable around 14%. The inaktse share of solar thermal
energy (solar water heaters) in the period 262@P3 was almost twofold contributing to a share of 8% of

the sectoral final energy consumption in 2023. Finally, biomass consumption is reported in the services
sector since 208 reaching a share of 3% in 2023. The final energy intensity of the services sector increased
from 2010 to 2023 by 8% reaching 0.029 toe/1000JD in 2023 (Figure 20). However, a decreasing trend has
been observed from 2010 to 2014 by 28% and then from 202020 by 19%, before the sharp increase

in 2022 (Figure 37). The final energy intensity is defined as the final energy consumption of the service
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sector divided by its value added at constant prices (20f&)vidingan indication about the energy
efficiency of the sector.
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Figure37: Final energy demand of the services sector by fuel in the period 20083 (Source: MEMR, 2023)
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Figure38: Final energy intensity of the services sector in the per2@l 02023

3.2.6 Overall Energy Indicators

Energy dependency has improved by 23% in the period-2028. Specifically, the energy dependency
was around 96% during the period 202012, it increased to 97% for the following three years and
afterwards it has ben continuously decreasing, reaching 75% in 2023 (Figure 38). The improvement of
energy dependency is a result of the increased penetration of RES and domestic oil shale for electricity
production and the exploitation of solar thermal energy and biomaks. Slight increase in the local
production of natural gas from the Risha field is also contributing to this shift.

11 source: Own elaboration based on energy balance data from MEMR 2023 andddédedata from World Bank Databank,
2023
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Figure39: Energy security supply in the period 202023 (Source: MEMR, 2023)
The primary energy intensity, which calculated as the ratio of the primary energy consumption divided
by the GDP at constant prices (2016), has improved by 9% over the perio@BAqFigure 39). The

primary energy intensity reached its lowest value in 202020#B;however an increasg trend has been
observed during 201:Q017.
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Figure40: Primary energy intensity in the period 201202312

The performance of the transformation sector, measured by the ratio of the final energy consumption to
the primary energy consumption, has improved by 5% in period -220P3. The improvement trend is
continuous, although the values of the ratio range beténe6% in 2010 to 69% in 2023 (Figure 40). The
specific consumption of electricity generation has also improved by 41% in the perioe2@R30as it
decreased from 223 toe/GWh in 2010 to 133 toe/GWh in 2023 (Figur&ddause othe increase of the
shae of RES in the electricity generation and the operation of efficient gas fired CCGTs.

Finally, the prices and tariffs for various energy products are presented in Table 6. In Jordan, electricity

and oil product prices are adjusted by government authasitilerough structured pricing mechanisms.

Electricity tariffs are set by the Energy and Minerals Regulatory Commission (EMRC) based on a cost
recovery model that incorporates generation, transmission, and distribution costs. Oil product prices are
reviewed Y2y G Kfe& o0& (GKS 3JI20SNYyYSydQa cCdzsSt t NAOAY 3 [/ 2
international Platts prices, freight, insurance, exchange rates, and domestic logistics and tax components.

This formula ensures that domestic prices reflect global marksids, while certain products such as LPG

cylinders remain partially subsidized to protect laveome households.

12 Source: Own elaboration based on energy balance data from MEMR 2023 and value-added data from World Bank Databank, 2023
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Figure41: Efficiency of the transformation sector in the period 202023'3
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Figure42: Specific consumption of electricity generation in the ped®01062023 (Source MEMR, 2023)

13 Source: REEE II-TA (2018) and MEMR, 2023
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Table8: Enagy products prices and tariffé§Source: National Electric Power Company 2023 and Global petrol prices 2025)

Energy produt Price Tariff

Retail electricity (Source: National Electric Power Company, 2023)

Household (Fils/kwh) 50-200
Domestic (Fils/kwWh) 42-256
Flat Rate Tariff for TV & Broadcasting Stations (Fils/kWh) 152
Commercial Sector (Fils/lkwh) 120152
Flat RateTariff for Banking Sector (Fils/lkwh) 285
Telecommunication Sector (Fils/kWh) 135178
Flat Rate Tariff for Agriculture (Fils/lkwh) 55
Agriculture (Fils/lkwh) 4955
Flat Rate Tariff for Water Pumping (Fils/lkWh) 95
Flat Rate Tariff for Hotels (Fils/kWh) 82
Streets Lighting (Fils/lkwWh) 114
Army Forces (Fils/kWh) 146
Private hospitals (Fils/lkwh) 140
Port Corporation (Fils/lkwh) 159
Agriculture / Commercial (Fils/lkWh) 98
Buildings operating on a charity basis (Fils/lkwWh) 42-256
Bulk supply electricitySource: National Electric Power Company, 2023)

Mining & Quarrying Industry (Fils/kWh) 170237
Medium Industrial Consumers (Fils/kWh) 65-68
Other large Industries (Fils/kWh) 109124
Small Industrial Consumers (Fils/lkwWh) 60-68
Other

Gasoline (JD/IffSource: Global petrol prices) Apr 26A8y 2025 1.07-1.09
Diesel (JD/It) (Source: Global petrol prices) Apr 202§ 2025 0.65-0.68

3.2.7 Energy Balance for the year 2023

The complete energy balance for 2023 is presentethénnext fgure in order todemonstrate all the
energy flows within the energy system.
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Thermal

Crude . . . Total Oil il - Solar Bio - -
al<h aakh
Sector Oil LPG | Gasoline | Kerosene | Jet Fuel| Diesel | Fuel Oil | Other Pr s Coal Shale N. Gas | Electricity Foengy | Mass :E;::;:I o
Indigenous
. ] 0 206 153 11359 210 13 223 2337
Production
Imports 1775 | 521 456 23 43 1042 0 1] 2585 11 2686 23 27 27 7406
Exports -73 0 -73 0 0 73
Bunkers 0 0 0 o o
Stock Changes 36 ] 15 10 e 13 42 -1 76 132
Primery Energy
1837 | 527 S0 33 35 1055 -31 -1 2588 111 3039 1162 210 40 8986
Supply
Electricity 0 3 -3 -806 | -2808 | 1524 -2083
Power Plant Own
o
Use
Qil refinery -1837 | 65 405 70 321 | 505 | 255 | 130 [ 1753 0 -84
Oil Refinery Own Use 0 0 -120 0 -121 -5 -126
Trans. & Dist. Losses 0 -261 -261
InLand Demand 0 593 | 1376 103 356 | 1559 | 101 | 138 111 0 231 2419 210 40 250
Final Energy
z 0 452 1436 81 222 1465 a8 95 3878 226 218 1660 199 40 6222
Consumption
Industrial 13 125 161 295 111 231 408 1048
Transport 1412 278 | 1079 6 2775 1 2776
Commercial & c
- 82 69 152 358 45 15 63 570
Services
HouseHolds 428 103 92 623 220 154 23 187 1630
Other Sectors 24 190 213 287 500
Non energy Use 118 118 0 118
Statistical
. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Differences (%)

Figure43: Energy balance for the year 2023 (Source: MEMR, 2023)
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3.3 Current policy measures and strategie®otential of indigenous energy resources

3.3.1 Existing stategies

W2 NR | Y Q & MaalébrizzgtianYisidh (EMV) considers the energy sector as a strategic pillar for driving
economic competitiveness, industrial transformation, and environmental sustainability. Within this
context the Ministry of Energy and Mineral Resources (MEMR) has outlined several daeyetayy

priorities for the 20242025 implementation period, designed to accelerate the clean energy transition,
reduce energy supply costs, and enhance overall system efficiency, while fostering investment and private
sector engagement. A key priority @hancing environmental sustainability and improving energy
efficiency. This includes widespread deployment of solar water heating systems for households-and low
income families, installation of municipatale photovoltaic systems, and the expansion tdrsand wind
SySNHe Ol LI OAadled ! YI22NI I NBF 2F F20dza Aa (GKS GNIvy
green hydrogen program. A wide range of green hydrogen production projects are planned with the
involvement of local, regional, and @rnational developers. These include lasggmle integrated projects

aimed at supplying hydrogen for export markets and future domestic use in industries and transport. To
address cost challenges in the electricity sector, a comprehensive financial rglarmhas been
introduced. Key measures include transitioning from a Floating Storage Regasification Unit (FSRU) to a
more costeffective Floating Storage Unit (FSU) for LNG imports and expanding natural gas supply to
industrial zones such as Mowaqar, ZargdRawda, and ADweira. These efforts aim to displace
expensive liquid fuels and support industrial energy cost reductions. Infrastructure development plays a
central role in the modernization plan. This includes accelerating the rollout of smart metesss

electricity distribution networks, advancing development of domestic gas fields and strengthening
interconnection capabilities with neighbouring countries. System efficiency is being further supported
through the development of strategic electrigistorage projects and higéfficiency generation facilities.

These include the construction of combinegcle power plants and a pumpetiorage hydroelectric

LIN2 2SO0 ySIFENJI 2FRA adz2Ao>X FAYSR |G AyONSBrewahle/ 3 (KS
energy. Regulatory modernization is also a priority, with the introduction of a new Natural Gas Law to
enhance the legal framework for midstream and downstream gas activities. Additional policy reviews are
focused on introducing timef-use electriity tariffs and expanding renewable energy storage solutions

G2 NBRdzOS St SOGNAROAGE aeadasSy Ozaltad W2NRFIYyQa SySi
component, with new upstream exploration areas opened for private investment and incenfiezed

for clean energy deployment. This reflects a growing alignment between public policy and investor
interest in both conventional and renewable energy resources.

The Jordan Comprehensive Energy Sector Strategy 2@P80, which will be replaced by theurrent

A0NF 0S323x 2dzit Ay Sdermivkié toda2hENisbiBaylé €nargy fsexufity, diversify

supply sources, and optimize the use of indigenous energy resources. The strategy serves as a blueprint

for reducing dependency on imported feellowering energy costs, and transitioning toward a cleaner,

more resilient energy system. It builds upon achievements made through previous strategies while
addressing persistent structural challenges. It is underpinned by four core pillars: energjtysecur
affordability, sustainability, and resource optimization. The strategic planning process was informed by a
PESTEL (Political, Economic, Social, Technological, Environmental, and Legal) analysis and-a scenario
based energy planning methodology. AmofigdzNJ S @I f dz G SR A0Syl NA2asx GKS af*
was selected as the most desirable development path. This scenario prioritizes increased domestic energy
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production, greater integration of renewable energy, enhanced energy efficiency, and thi plenant

of supporting infrastructure and regulations. A major objective of the strategy is to raise the contribution
of domestic energy sources to meet national demand. By 2030, renewable energy is targeted to account
for 11% of primary energy consumpti@md 33% of electricity generation, while natural gas will continue

to play a central role. These changes are expected to reduce the share of crude oil and petroleum products
in the total energy mix.

W2 NRFYyQa bl GA2Yy Il DBakP®& § compréhBrNie Foddmap taiphdition$ha Bingdom

Fa | O2YLISGAGAGS NBIAA2YyIlIf Kdzo F2NJ INBSYy KeRNR3ISY
broader goals of achieving energy security, economic modernization, and climate resilience, the strategy
outlineda | LIKFaSR RS@St2LIVSyd FLIINRIFOK GKIFG fS@OSNI 3S

potential, strategic geographic location, and investmé&igndly environment. The vision is to establish
Jordan as a green hydrogen exporter by 2030 while supportingedtic decarbonization across haat

abate sectors such as industry, transport, and power. Green hydrogen is seen not only as a clean energy
vector but also as a catalyst for industrial transformation and green economic development. The strategy
sets a dal focus first, to meet international demand for levarbon hydrogen derivatives such as green
ammonia, synthetic fuels, and methanol and second, to support national climate objectives under
W2 NRIyQa dzZLJRFGSR bl aGA2ylFff e I5ABS NORAYLE RN /G20 yASNIN GRAZ- Ay
high solar irradiance and significant wind resources, which enable the generation-obstwenewable
electricity, a critical input for green hydrogen via electrolysis. By 203@;then Hydrogentfategy aims

to allocate up to8 GW of renewable capacity to green hydrogen production, scaling to Z%&W by
2040.Electrolyser capacity is expected to reach between 1 and 5 GW by the early 2030s. The strategy is
structured around five pillars: (1) Market Developmefatcusing on securing lofigrm export offtake
agreements and stimulating domestic demand; (2) Infrastructure and Land Use, emphasizing the creation
of GH2 hubs in designated zones with access to transmission grids and water sources; (3) Regulatory
Framewok, aimed at streamlining licensing, setting environmental and safety standards, and ensuring
grid access; (4) Investment and Financing, with mechanisms to attract international project developers
and derisk private capital through publgrivate partnerslips; and (5) Research, Development, and
Innovation, which supports technology localization and workforce development.

On the regulatory front, the government has amended the Electricity Law and is in the process of issuing
a Gas Law that will incorporaterovisions related to hydrogen. Additionally, work is underway on
developing a green hydrogen certification scheme. These legislative updates aim to clarify institutional
responsibilities, define market access conditions, and streamline project appimediinies. The Ministry

of Energy and Mineral Resources (MEMR) will serve as the main coordinating body, working alongside the
Energy and Minerals Regulatory Commission (EMRC), the Ministry of Water and Irrigation (MWI), and the
Jordan Investment Fund, agding to their respective roles outlined in the regulatory framework.

. Pilot projects and Memoranda of Understanding (MoUs) with leading hydrogen developers are already
underway, including feasibility assessments for integrated renewiaydieogen faciliges. Environmental
sustainability is a core consideration and the strategy mandatescyife emissions tracking and
prioritizeswater-efficient electrolysis technologies such as PEM and AEM. Brackish water desalination co
located with renewable projectsii LJ I YYSR (2 YAGAIFOGS AGNIAYy- 2y W2N
economic cebenefits, including job creation, industrial diversification, and rural development, are central

to the national value proposition. In the short term (2@24026), the strategfocuses on regulatory setup,
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pilot project execution, and stakeholder engagement. In the medium term &230), largescale
demonstration projects and export infrastructure are expected to materialize. In the long term- (post
2030), Jordan envisions faflarket integration with regional and global value chains, particularly the EU
and Gulf countries, and expansion into synthetic fuels and hydrbgsed heavy industry.

3.3.2 Oil derivatives

The security of supply of oil derivatives continues to be a stratagicity for Jordan. According to the

latest statistics, the Jordan Petroleum Refinery Company (JPRC) in Zarga, is currently operating at
approximately 40,000 barrels per day, which is about 53% of the maximum operational capacity. The JPRC
has long planne@ major expansion project aimed at increasing operational refining capacity to 73000
barrels per day (MEMR 2025). However, the final investment decision remains pending, the key issue
being securing the estimateddSD 2billion which is needed for the upagde funding. JPRC retains
ownership of key infrastructure, including the oil terminal and storage facilities in Agaba, as well as three
LPG bottling plants in Amman, Zarga, and Irbid. Two other companies, Manaseer and Total Energies, now
import mostfuel products, increasing competition in the market. Regarding imports, approximately 65%

of diesel, 70% of gasoline, and 90% of LPG are sourced from international markets, predominantly from
Saudi Arabia and India. These imports are priced competitively amdtlsamugh a pricing formula
regulated by MEMR, which adds storage, distribution, and taxation costs to the import parity price.

In terms of policy direction, the government continues to pursue several core objectives: (i) the conversion

of heavy fuel cilAy (i 2 fAIKGSNE Of SFHYySNJ LINRPRdzOGAT O0AA0 (K.
specifications; (iii) the diversification of crude oil import sources (via Agaba, overland, and the proposed

Iragi pipeline); and (iv) the development of the Hamza oil field ail shale exploration. Furthermore,

there is a clear strategic objective to raise the national storage capacity of oil products to meet
international standards, improve domestic logistics, and ensure sufficient operational and strategic
reserves.

The &ategic Stock for Crude Oil and Petroleum Derivatives Regulation No. 58 of 2020 establishes the
legal and institutional framework for maintaining a national reserve of petroleum products in Jordan. The
NE3Jdz F A2y Aa RSaA 3y SR seirity & yhandandg a mifirGum YeveyosRazeliQd Sy
stocks of crude oil and petroleum derivatives which can be mobilized during supply disruptions or
emergencies. Responsibility for oversight and enforcement of the regulation lies with the Energy and
Minerals Regulatory Commission (EMRC). The EMRC is authorized to define minimum stockholding levels,
regulate the licensing of storage operators, and ensure compliance with reporting and safety
requirements. The operational management of the strategic stod&legated to the Jordan Oil Terminals
Company (JOTC), which serves as the sole entity responsible for storage, inventory management, and
emergency release of the national petroleum reserves. JOTC operates from a network of existing
infrastructure that inaldes storage terminals in Agaba and Zarga, as well as LPG bottling and storage
facilities in Amman, Zarga, and Irbid. These facilities house both operational stocks, intended for routine
market supply, and strategic stocks, which are reserved strictgnfi@rgency deployment. The regulation
stipulates that the strategic stock must be maintained at levels sufficient to meet domestic demand in
times of crisis, which could include temporary power generation needs during supply crises, and to fulfil
W2 NR | bjfigétdns Bnder international arrangements, including potential commitments to the

14 petroleum Derivatives Pricing Regulation No. 122/2019
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policy shift toward crisis preparedness, ensuring that the countaintains both physical reserves and
institutional readiness in the event of global or regional disruptions.

3.3.3 Natural gas

W2NRIYyQa yIlddaNF*t 3JFa &aSOG2NJ A& dzy RSNH2Ay3 | aA3y
expanding domestic production, sitegic infrastructure development, and ongoing reliance on imports.
Currently, Jordan secures most of its natural gas from international sources via pipeline import from the

north connection through a contract with Chevron and from the south through tlad Aipeline from

Egypt.

Jordan is preparing for a significant transition in its LNG infrastructure. MEMR, along with the Agaba
5S@St2LIYSYyd /2Nl NI A2y 6!5/ 03 Aa 20SNERSSAy3d (KS
regasification terminal, the SHdi Sabah LNG Terminal, which is expected to be commissioned by late

2026. This new facility is being developed in partnership with GAS Entec and AG&P and is designed to
KFyRfS | GKNRdAzZIKLIzG OF LI OAGe 27F dzL) hattherparmanent OF k R ®
onshore terminal will replace the floating FSRU, offering improved efficiency, higher regasification

OF LI OAGEeZ FyYyR 3ANBFGSNI 2LISNI GAZ2Y It adroAftAdGe F2NI W

The Energos Eskimo FSRU was previously stationed in dotarSheikh Sabah-Ahmad Port in Agaba

since 2015 and is currently operating in Eggmptlis connected to the Arab gas pipeline between Jordan

and Egypt in order to provide Jordan by natural gas whenever nedde@023, Jordan and Egypt
formalized arenergy cooperation agreement, allowing Egypt to utilize the FSRU for the remainder of its
charter with Jordan's National Electric Power Co (NEPCO), which concludes in 2025. New Fortress Energy
(NFE) has a 3year charter agreement with EGAS for the Eneglémo, and it is expected to commence
operations at EGAS's LNG import terminal in Ain Sokhna, Egypt, #808%dIn a related move, it was
reported in mid2025 that Jordan had suthartered an additional FSRBnergos FordeThis unit serves

as a supmmentary measure to ensure uninterrupted LNG supply during the transition to the onshore
GSNXYAYLFE 2NJ G2 YSSG AYyONBlIaAy3a aStrazylt 2N AyRdza
commitment to maintaining flexible and resilient LNG import capédsli

The national single buyer, NEPCO, maintains-ferg gas contracts with EGAS and Chevron, ensuring
supply continuity up to the 2030s. However, domestic gas production remains a strategic priority,
particularly as the country seeks to reduce impagpdndence and enhance energy security.
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Figure44: Existing and planned natural gas pipeliriés
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source of natural gas. Operde 6& GKS bl dA2ylf t SGNRCt SdzYcapackyy L y& ¢
has increased in recent years, risingBB@MMSCFD in 2025 after the resumption of drilling activiéind

the sales quantityeached20MMSCFD Under the current development plan, tidPC aims to ramp up

production further in the period 2025 nH > A G K | G NB S0, whedt herRisha aa{ / C
pipeline connecting the field with the Arab pipeline is expected to be operatiBesiond 2030 there are

two possible production scenariob,y @& dzLJAA RSE &a0Sy I NA2 NBFOKAYy3A ymMH
scenario reaching 570 MMSCFD by 2a3&dupside scenarias used in all the pathways analysed in this

document (in Chapters 5 and 6).
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Figure45: Projection ofRisha gas field production potentitf

15 Source National Petroleum Company (PLC)
16 Source: MEMR provided on 7/10/2025, National Petroleum Company (NPC)
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To support this ambition, NPC has undertaken comprehensive geophysical reassessments and reservoir
audits. The government has also engaged in coordinated planning to align the gas development strategy

with broader ecomomic objectives. These include delivering gas to industry to reduce energy costs,
attracting gasbased investments, and promoting vatadded applications such as gasliquids and
petrochemicals. Several supply agreements and memoranda of understdmaiecalready been signed

with industrial buyers including Jordan Chlorine, Unigaz, and others, reinforcing demand certainty for

future production volumes. In parallel, the government aims to expand gas use in the residential and
commercial sectors to redecdependency on liquid fuels. The potential for natural gas use in Jordanian

cities is also significant, particularly in urban centres like Amman and Zarga and a relevant study
highlighted that demand from sectors such as services, and residential bsjldiagecially for space

heating, water heating, and cooking, could support the economic viability of city gas distribution
networks. MEMR has issued an official document in 2025 titled "Opportunity to Develop Natural Gas
Distribution Networks in Amman & #m", under which interested parties are requested to submit a

Letter of Intent with supporting documentation to MEMR as part of the preliminary process. Additionally,

GKS LINP2SOi KFa 0SSy FSIGdz2NBR 2y W2 NRimypQracta Ly @S a i
Ay@SaiayYSyid F2N) OAde 3Ira LALISEAYSE aLl yyAy3F NRdAAKH
industrial customers in both Amman and Zarqa.

3.3.4 RenewableEnergy Sources

The legal foundation for promoting renewable energy in Jordan hadved significantly. Initially

introduced by the Renewable Energy and Energy Efficiency Law (REEEL) in 2012, the law aimed to
stimulate investment through guidelines for renewable energy (RES) deployment and efficiency
measures, with MEMR responsible fdentifying suitable locations and coordinating land use per the

flogd LY WdzyS HnunX GKAA €S3AAatlraABS FTNIYSE2N] o1
A0NBYy3GKSya (GKSaS LINPOGAaAA2Yyad ¢KS I OO2QonjlegfignA y3 . &
2T wSySglofS 9ySNHe {2dz2NDS CIFLOAtAGASa (G2 ae&kKS 9t SO
meteringand introduced new connection options tailored for prosumers, including net billing;taero

grid, and buyall/sellall schemes

Gridd O £ S w9{ AYyGSaANIGA2Y KIF&a | OOSt SNI (0 SRonhegtdd o0& (K
az2fl Ntz OFLIFOAGE SEOSSRSR W D23 aLXAlG Fty2ad S@S
f SOSt onddpd D20 aeéaildSWBOO DiReader wasLdfeNddNag 0B5dwith  H A a
commissioning expected 8028 alongside lifting all project size limits as of September 2024

n

Under the updated Net Metering / Net Billing rules, developers can now choose from three connection
models: net A f f Ay3d oO0SEOS&a RIFEeGAYS 3Sy SNI doigidy(seflONBRA G &
consumption only), and bugll/sellall (selling all generation at the same rate). Tariffs vary by consumer

GeLSs YR GKS ™M a2 Ol LJ KIa @SrBets lHaded an §ridl Eapadily. LIS | OSR
b9t/ hQad DNBSY /2NNAR2NJ LINP2SOU0 O2yiGAydzSa G2 a&adzlx:
fAySa YR &adzomadlidArAz2yad hNAIAyLfte LIEFYyYySR (42 oS
financed in partbythelE. ¥ (KA a o0l O0102yS: O2yaradAiyda 2F ySé nn
central to integrating both current and future RES projects.

Financial incentives remain strong. The Jordan Renewable Energy and Energy Efficiency Fund (JREEEF),
created undelREEEL and the 2015 layv, continues to offer subsidies, loans, guarantees, and technical
ANFyGad 'a 2F {SLWSYOSNI HnunE GKS FdzyR f I dzy OKSR |
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of rooftop PV and solar thermal installation costs, targetir@D0 installations. Connection tariff ceilings

T2NJ SEOS&aa St SOGUNAROAGE LISNBAAG dzy RSN bSiG aSdiSNxy3
hbp FAEt& 69! {pP ndmMoV F2NJ KEONARI YR yprdiramiade 09! { b
aeaidtsSvya dzyiAat G2aGFrt OF LI OAGe & dzNLJ Zcéal® dtiliypprojectsa 2 @ W2 |
4 a9aw AadaadzsSR | YF22N) wnn a2 az2ftl N (S20B&ithJ Ay al i
private sector investment.

3.3.5 The electriciy sector

Under the General Electricity Law No. (10) of 202%e Energy and Minerals Regulatory Commission
69aw/ 0 NBYlIAya GKS AYyRSLISYRSYyd NBIdz F 2N 2F W2NRI
mandate consistent with a modernized markearhework. EMRC is responsible for licensing all electricity
sector activities, explicitly including generation, transmission, distribution, bulk supply, retail supply, and
for the first time mentioned in legislatiorenergy storage as a distinct licensectivty. Storage is
recognized on an equal legal footing with generation, transmission, and distribution, and requires a
dedicated license from EMRC, either as a standalone activity or when integrated with generation or
transmission assetsThe law furtherintegrates storage into the regulated electricity cost structure,
explicitly including storage costs within system tariffs. This establishes a clear legal basis facatdity
storage procurement, hybrid renewabfdus-storage projects, and future magkbased storage services,
while allowing storage to support system adequacy, flexibility, and reliability under centralized dispatch
in the current market structure

The Law explicitly preserves the sinrbleyer model in the short to medium term, confimg that the
licensed transmission entity acts as the sole bulk supplier until a Cabinet decision authorizes a transition
to a competitive wholesale electricity market. Within this framework, EMRC retains a central role in
regulatory oversight, licensing emliance, and dispute resolution among licensees, as well as between
licensees and consumers, thereby reinforcing regulatory certainty during the transition péhedaw
reaffirms thatelectricity transmission remains a licensed activitshile allowingprivate investment in

OGNl yayYAaarzy AYFNIAGNHzOGdzZNE GKNRdzZZK f AOSyaSR Sy
Strategically, the law mandatddEMRto continuously monitor sector development and prepare the
transition from a singlduyer model b a competitive wholesale electricity marketreatinga clear legal
pathway for future market liberalizatigrunder which generation, storage, and ancillary services could
progressively be unbundled and competitively trdde

Electricity tariffs approvedzy RSNJ 9aw/ Qa | dziK2NARG& SELX AOAGE&@ NBFL
including generation, transmission, distributioenergy storage capacity, and network services.

Electricity produced by licensed generat@sold to the bulk suppliemaler PPAs, while large consumers

may continue to be supplied directly by the bulk supplier under licensed arrangements. Distribution
companies remain responsible for retail supply within their concession areas, tariff application, grid
connection approvalsimpact studies, and the implementation of net metering and related schemes,

subject to EMRC regulation.

As a conclusion the 2025 General Electricity Lrestitutionalizes renewable energy and storage as core
O2YLRyYySyda 27 W2NR lsyeighens legalGértdiityO foprivate Fedefalio Yind
transmission investmesst and establishesfarward-looking frameworlcapable of supporting largscale
renewable integration, storage deployment, and eventual market opening.
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3.3.6 Oil-shale

The vision of utizing indigenous oil shape for electricity generation, crystallized with the launch of the
PGGFNXYG hAft {KIES t26SNItflryiz W2NRIYyQa FANRBRIOG LRg
by the Attarat Power Company (APCOQO), a consortium ledThy Power, Guangdong Energy, and Eesti
9YSNHAFIX (GKS LINRP2SOG TSI {idaNBa G662 wHop a2 dzyidao ¢
2022, followed by the second in May 2023. It operates under-g€30 takeor-pay PPA with NEPCO,

supplying baselahpower and including state guarantees for electricity purchase. MEMR has since paused

the development of new diregburning oil shale plants due to the inflexible nature of such units and

W2 NR | Vi€ gab @yirlitments, meaning no new-skilalefired plants are expected before 2030.

% Investment Opportunities Memr Map

Legend

OilShale Open Blocks

Figure46: Oil shale deposits in Jordah

17 source: https://memr-jordan.maps.arcgis.com/apps/dashboards/22d32daf9f704dbf9e640a018f8c2386
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On the synthetic oil production front, MEMR has signed a memorandum of understanding (M2228in

with Al Majjarah Oil Shale and natural resources company to execute exploration program in Al lajjun
area. Also MEMR hadfered the Oil Shale investment opportunities as shown on Figure 46 and on the
interactive map that found on MEMR website, Véhilroposals once envisioned significant synthetic oil
outputs, these remain contingent on securing full project financing; also, the synthetic oil requires further
processing before entering any conventional refinery. As such, it is generally expectegatadehe
Jordan Petroleum Refinery by adding a desulfurization unit to receive oil produced from oil shale retorting.

3.3.7 Pumped Hydro Energy Storage

t dzYLISR | @RNR St SOGNRAO 9y SNHe {G2NF3IS o6tl19{uv LINR2SO
transition towards higher shares of renewable generation. Pumped hydro technology is based on
synchronous generation, enabling it to deliver a full range of ancillary services, including the provision of
inertia, frequency and voltage support, and adequiatelt level contribution to the grid. Implementation

of Pumped hydro projects is long as development activities include finding a proper location, geological
investigations, optimization of the technical solution, environmental and social assessments and
complexities in constructing upper and lower reservoirs.

The implementation of pumped hydro projects requires a long time and must be planned well in advance,
as the development process involves selecting an appropriate site, conducting gedlogstibations,
optimizing the technical design, performing environmental and social assessments, and addressing the
engineering complexities associated with constructing the upper and lower reservoirs. Pumped hydro
projects have an exceptionally long opsional lifetime compared to many other energy storage
technologies. When properly designed and maintained, these facilities can operate reliably 16050
years, providing a durable and casffective solution for largécale energy storage and grid siép over
multiple generations.

A comprehensive feasibility study and business model for a hydropower storage project was conducted,
identifying the ABMujib Dam as the site with the highest potential for a pumped storage facility, offering

the lowest pojected specific energy storage costs. The Mujib PHES project will be implemented with an
AyaaglrtftSR OFLIOAGE 2F npn a2 YR | &ad2N}3S RdzNI
support the further integration of renewable energy projectsoitihe Jordanian grid.

Other sites havbeen analysed gsotential candidates for new PHES projeatsluding he Wadi AfArab

and King Talal Dam locatiorthat have to be further analysed and considered for possible
implementation.

3.3.8 Battery Energy Storage

A wide range of battery technologies are available for |Zgale energy storage applications, each with
its own characteristics and benefits.

LithumA 2y oF GGSNRSA FNB GKS R2YAYIyd G(S8OKy2f238 Ay
90% ofglobal gridscale battery installations. They offer high energy density, fast response times, and long
cycle life, making them well suited for both gddale and distributed applications. Compared to other

battery technologies, lithiurion systems aredhtweight, efficient, and capable of providing a wide range
of services to the power system. They are particularly effective for sbort energy storage applications.
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Other technologies, such as flow batteries, utilize liquid electrolytes to enader discharge durations
and extended lifespans, making them well suited for Bingation energy storage. Meanwhile, emerging
technologies including solstate batteries, sodiuion, and metafir systems are under development,
with the potential to futher reduce costs, improve efficiency and enable more flexible and resilient
energy storage solutions for the future grid.

Battery inverter technologies can contribute to system frequency and voltage regulation. They can
LINE A RS Wa e y (tHré&yliehd redpghSediihbugifthed ahllitf tb support fault levels remains
limited. The lifespan of a battery energy storage system is primarily determined by its charge and
discharge cycles but is also influenced by the operation mode. In generaligaigerated in constant
power mode degrade more quickly, leading to a shorter servicellife.implementation timeline for BESS
projects is relatively shodnd cost relatively lowmaking them well suited for integration with wind and
solar installatims. Accordingly, in the TIMES model, all wind and solar projects commissioned after 2027
in the Optimistic Pathway and after 2030 in the Reference Pathway are accompanied by battery systems
with a capacity equal to 25% of the associated renewable planaatdrage duration of four hour§he
relatively short implementation timeline of BESS projects makes them well suited for integration with
wind and solar installations.

3.3.9 Nuclear power

Nuclear energy plays a crucial role in achieving globateet greehouse gas emissions by 2050, serving
as a reliable, lovearbon, and baseload source that can effectively complement variable renewable
energies such as wind and solar. Its benefits include:

Providing a stable, lowarbon backbone: Nuclear plants operatéiably around the clock,
making them ideal for supplying baseload electricity and supporting grid stability as the share of
variable renewables increases.

Displacing fossil fuels: By replacing coal and gas generation, nuclear energy can sharply reduce
/ hemissions and other pollutants.

Enhancing energy security: Nuclear generation reduces reliance on imported fossil fuels, making
the energy supply more resilient to price volatility and geopolitical risks.

Complementing renewables: In higénewables scenas, nuclear can balance the grid and
reduce the cost and scale of lodgration storage required to manage fluctuations in wind and
solar output.

Jordan has been pursuing a nuclear program as part of itsAeny energy strategy to diversify its
generatdbn mix, reduce reliance on imported fossil fuels, and build a more resilient and sustainable energy
sector. The initiative, led by the Jordan Atomic Energy Commission (JAEC), includes the establishment of
a 5 MW Research and Training Reactor at the Jotdainersity for Science and Technology, which
supports education, research, and the production of medical isotopes.

In alignment with globalnet SN2 32+ fa | yR W2NRIyQa 26y SySNHeée &S
strategic role of nuclear energy supporting a balanced, lowarbon power system. In official planning
documents, JAEC notes that nuclear power can contribute significantly tadongstability in electricity

supply while enabling higher penetration of intermittent renewables such ad aid solar. This vision

aligns with broader national commitments to reduce greenhouse gas emissions and accelerate the
transition to sustainable sources of energy.
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for deployment. SMRs offer several advantages in the Jordanian context: lower cooling water
NBIljdANBYSyGa GKIY GNIRAGA2YLFE 1 NBS NBIFIOG2NE OA Y]
construction that can reduce project risk afidancing hurdles, suitability for inlansiting closer to load

centers and the potential to support energytensive sectors such as data centers and artificial
intelligence infrastructure. A reliable and domestically supported baseload generation sisuaiso
GASHESR Fa @QAGEFEE F2NJI NSBAYTF2NDAYy3I W2NRIyQa SySNBHeE |
attract hightechnology investment and sustainably scale its economy.

In Jordan, the deployment of the first SMR is not anticipated beforé 288 JAEC aims to gain more
operational experience from early international installations and to carefully tailor technology selection,
regulatory frameworks, and local workforce development to national needs.

In support of implementing nuclear energyW2 NRI vy Al A& AYLRNIFYyd (2 KAIE
uranium reserves and ongoing exploration efforts as part of its-teng nuclear energy strategy. The
main uranium resources are in central and southern Jordan, including:

Central Jordan: Th@entral Jordan Uranium Project in the Swaqa area, featuring shdépih
mineralization suitable for opepit mining.

Other Areas: Additional uranium mineralization identified in locations such as Khan Azzabib and
Wadi Balaama.

The Jordan Uranium Miningp@pany (JUMCO), a subsidiary of the Jordan Atomic Energy Commission
(JAEC), is responsible for uranium exploration, resource characterization, and future mining and
processing activities. Preliminary studies and feasibility assessments have confirmeatehgap for
domestic uranium extraction, offering a secure, laagn fuel supply for future nuclear energy
generation and reducing reliance on imported fuel.

SMRs are generally considered to have lower upfront capital costs per unit compared to ti@dition
largekcale nuclear plants, thanks to their smaller size and potential for modular, faotity
O2yailiNHzOGA2Yy ® | 26 SOBSNE § KSA N30 canistillLIS néhtiyely highdn: G G o I
early deployments due to limited economies of sc#ldvantages of SMRs include reduced financing and
construction risk, shortebuildingtimes (35 years versus-20 for large units), and the ability to locate

closer to load centers, minimizing grid expansion needs.

The introduction of nuclear generationto the Jordanian power system would further diversify the
O2dzy i NE Q& SySNH& YAE | yR NBR dlunits, inucleaRfahtScarRasy OS 2y
support system stability and potentially reduce the need for additional synchronous condensers

However, given the relatively small size of the Jordanian power system and its limited connections to
neighboring countries, nuclear approach may restrict the ability to integrate variable renewable
generation, potentially increasing curtailment, es@lgiin scenarios where renewables comprise 50% of

the generation mix.

3.3.10 Electricity Demand

In 2024, NEPCO finalized and endorsed its Generation Master Plan, which serves as the foundational
roadmap for power supply expansion and system resilience in Joltdsats a national target of achieving
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at least 31% renewable energy in the electricity supply mix by 2030, incorporating both transragasion
distribution-connected projects. This master plan underpins decisiaking for new generation and

storage cpacity, ensuring that all future investments are aligned with competitive procurement principles

2dzif AYSR dzy RSNJ KS 22NIR .ly1Qa 9f SOGNROAGeE {SOG21
GAGK W2NRFIYyQa ttt | yR tNzPCOs@lantaN®@it2ideesSgridrinforcdment,Y S g 2 N
including development of the Northern Green Substation and associated overhead transmission lines,
financed in partnership with the EBRD. These upgrades strengthen network capacity in northern and
centralred 2y a4 SyKIFyOS GKS adeadsSvyQa loAfAle G2 | oaz2NDd
of increasing transmission availability to 99.96% by 2026. Overall, the master plan represents a critical
aiSLI Ay W2NRIyQa SYSNH®& (ribliteg’ Zrid (ukilBygtale rénblfaldes,y 3 3 NJ
AONBYIGKSYAY3 AYTFNI aGNHzOGdzNBE NBaAftASyOS>T FyR |fA3
costefficiency, competition, and sustainability.

Jordan is actively positioning itself as a regional digitavgay, with data centre development emerging

as a strategic priority under its Digital Transformation Strategy @@2iHp Yy R GKS o NRBF RSN
National Vision. Building on strong ICT fundamentals, such as over 88% internet penetration, a fast
growing ted-savvy workforce, and governmeled initiatives to digitize public services, Jordan has

attracted interest from both regional and global operators exploring data infrastructure investment.
Industry reports project the Middle East & Africa data centre kaaito grow rapidly, and Jordan is seen

as a potential corridor for undersea cable traffic anedRMA Sy Of 2dzR aSNBAOSad ¢KS
Partnership Strategy 2022029 explicitly supports developing energy and data infrastructure for the

Aqgaba Didal Hub, offering financing for related technical studies and fiber chiked expansions such

as the BlueRaman line.

Jordan is preparing to introduce TiréUse (ToU) tariffs for the electricity consumption in all sectors, as
part of its ongoing elddcity market reforms aimed at enhancing efficiency, demaidke management,

and grid flexibility. The Energy and Minerals Regulatory Commission confirmed that pilot programs are
underway, supported by technical studies from international donors, to ass@ssumer responsiveness

and system readiness. The new tariff structure will segment electricity prices by periods of peak, shoulder,
and offpeak hours, encouraging consumers to shift usage away fromdagtand periods. This is
particularly important inthe context of growing rooftop solar adoption and increasing use of electric
vehicles (EVs), both of which contribute to load variability. To enable the rollout, smart meter deployment
is being expanded in coordination with distribution companies (JERXEQ,O, EDCO), and a regulatory
framework for dynamic pricing is expected to be finalizedbbptembe2026 The government sees ToU
tariffs as a crucial tool to reduce peak loads, avoid costly generation capacity additions, and better
integrate renewable Bergy into the grid. A brief impact analysis was performed using the hourly demand
variation to estimate how electricity demand would respond to the implementation of ToU tariffs. The
core assumption is that demand is responsive to tuiféerentiated prcing, particularly during peak
periods. The analysis projected that ToU implementation starting in 2027 will lead to a 8.9% reduction in
the system peak demand and a 1.8% reduction in energylngnational benchmarks from California,
Spain, Italy, South Korea, and others were used to validate assumptions and calibrate expectations, with
results aligned to global experiences showind®% peak demand shifts and12% energy reshaping
across resiential ToU programs. Analysis of the existing literature indicates a critical distinction between
the shortterm and longterm effects of ToU tariffs, since early gains from ToU pricing tend to stabilize or
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decrease over time, as consumer responsivenestirtes due to behavioural adaptation, economic shifts,
or changes in appliance ownership and efficiency.

A literature review conducted to examine the experiences of other countries (summarized in the table
below), in addition to those mentioned, revealdtht:

The most consistent impact of TOU tariffs is peak demand reduction, generally between 5% and

12%, depending on adoption levels.

The total system energy reduction is more modest, typicallg52% and strongly dependent on
behavioral change and demd elasticity.

Uzbekistan achieved the largest absolute reduction in total energy consumption, driven by TOU
combined with social limits and aggressive tariff reforms.

Philippines and India show steady results in lowering peaks and improving infrastructure
efficiency, with greater operational benefits than outright reductions in total MWh consumed.

Country

GDP PPP per capita

(2024 USD)

Population
2024 (M)

TOU Tariff Status

Impact on System
Peak Demand

Impact on System
Energy

Not broad/pilot |Not broad/pilot results
Jordan 9,52 11.7 Partial/Pilot /p /p
results only only
. ) Up to 5% reduction <2% reduction (in
Bolivia 9,844 11.3 Not generalized . i
{in pilots) pilots)
o, T 1 0,
Tunisia 12,714 12.0 Urban pilots Up to.SA:.reductlon Marglnal.(<2.ﬁ)
{in pilots) reduction (in pilots)
e . Urban/industrial, 5-12% reduction 2-5% reduction
Philippines 10,376 117 . . .
broadening (peak hours) (mainly shift, not total)
. Industrial/broad | Strong: largest users 10.6% national
Uzbekistan 1045 36 . ) )
segment drop sharply residential reduction®
Up to 5% reducti <2% reduction (i
Jamaica 10,26 2.8 Residential pilots P o. n.re uetion ’ re. uction (in
{in pilots) pilots)
o . Up to 5% reduction <2% reduction (in
Namibia 10,281 2.6 Pilots only . i
{in pilots) pilots)
. Urban/industrial, 5-10% reduction | <3% reduction (mainly
India 9,817 1,428 -
segmented (peak hours) shift, not total)
(s} H 0, H H
Morocco 9,066 28 Pilots Upto .SA..reductlon <2% refiuctlon {in
{in pilots) pilots)

Figure47: ToU Literature Review

3.3.11 RenewableEnergy Sourcespotential

Jordan possesses a significant potential of solar and wind eni@ypositions it as a regional leader in

the transition to a lowO Nb 2 y X
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along with international technical assessments, emphasize both the richness of renewable resources and
the strudural, regulatory, and infrastructural challenges that must be addressed to unlock their full
contribution to national development.
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Figure48: Direct Normal Irradiance levels in Jord&n

{2t N SYySNEBe& &l yabandadtdmid tethaicaly hatiRe regh@niableYesauice. Situated
within the global solar belt and blessed with more than 300 days of sunshine per year, the country receives
a high level of solar irradiance throughout its territory. In particular, the Globatétdal Irradiance (GHI)

in the southern region reaches 2,336 kWh/mz2 annually, placing Jordan among tipetfgeming solar
locations worldwide (REEETW, 2017). Solar resource assessments conducted in areas such as Mafraq
and Agaba report Direct Norrh&rradiance levels exceeding 7.5 kWh/mz2 during peak summer months.
These conditions provide a favourable environment for the expansion of both photovoltaic and
concentrated solar power systems.

Wind energy potential is also considerable, particularlyl@vaed and sparsely populated areas such as

the Jordanian Highlands, Wadi Araba, Tafila, and parts of Irbid. These regions consistently record average
wind speeds ranging between 7 and 11 m/s at turbine hub heights, and detailed statistical analyses
confirm capacity factors and energy yields that meet international benchmarks (REER017).

18 Source MEMR (https://www.memr.gov.jo/EBV4.0/Root_Storage/AR/FAQ/documents6.pdf)
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Figure49: Mean wind speed at 50rheightin Jordar®

Geothermal energy in Jordan is classified as moderate in potential and is genersiyamed by
relatively low reservoir temperatures, often below 100°C, particularly in fields identified along the eastern
flank of the Jordan Valley and the plateau east of Madaba (REBEJ017). While these conditions are
insufficient for electriciy generation, they are suitable for diregse applications such as hot water spas,
greenhouse heating, and other thermal services. The promotion of such applications could contribute to
localized energy solutions and reduce fossil fuel dependency in setdters.

.A2Yl&da FYR 0A23F & NBLINBASY(d Fy20KSNJ O2YLRyYySya 27
approximately 2 million tons of municipal solid waste annually, equivalent to about 0.95 kg per capita per

day. Additional sources of organic waiclude sewage sludge, olive mill waste, industrial effluents, and

animal manure. Collectively, these feedstocks support the feasibility of developing -teastergy

systems, particularly in large landfill sites such as Ghabawi and Al Ekaider, waitiesspt,500 and 1,000

tons of waste per day respectively. These landfills alone have the potential to support electricity
generation projects producing an estimated 20 to 30 MW, depending on waste stabilization and methane
recovery efficiencies (REEEA 2017). The development of biogas systems would also align with national

waste management priorities and provide-benefits such as organic fertilizer production and emissions
reductions.

| @RNBLER2GSNE Aa fAYAUGSR RdzS {perennal Nerk, yiddéthelessldffd's Of A Y I
some localized potential. Recent technical assessments estimate that approximately 33.2 MW of small
hydropower capacity can be installed in existing dams, while proposed new dams could add an additional
14.95 MW totaling nearly 48.15 MW of technically viable hydropower capacity (REEE 2017). Dams

such as Muijib (8,000 kW), Kafrain (5,650 kW), and Waleh (4,350 kW) are among the most promising sites

for generation.

5SALIAGS GKS adNBy3aGdK 2F Alda NBaz2dz2NOS o6l asSz W2NRIY
Grid constraints continue to limit renewable integration, particularly in remote southern and eastern

19 Source MEMR (https://www.memr.gov.jo/ebv4.0/root_storage/en/eb_list_page/wind_map_of_jordan.pdf)
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regions where solar and wind potential is higheThe delayed rollout of enabling technologies such as
smart meters, the absence of dynamic electricity tariffs, and lengthy permitting processes have also
impeded the speed of deployment. Financial access remains an issue, especially for households,
municipalities, and small industries. Institutional fragmentation and limited enforcement of energy
efficiency standards further reduce the effectiveness of policy instruments. Moreover, water scarcity
places constraints on the development of solar thermalhteologies and green hydrogen electrolysis,
both of which require substantial water inputs.

3.3.12 Energy efficiency

Jordan has established a robust and evolving energy efficiency (EE) policy framework centred on national
strategies, sectoral action plans, legiste instruments, and dedicated financing mechanisms. The
O2dzy i NBE Q& STFT2NIiasz O22 NRtaryivisioStRenbadice an@rgywsecurity, dduce. J- NJi
dependence on energy imports, and meet climate commitments under the Paris Agreement.

NS

Strategic and Policy Framework
W2 NRIFyQa SySNHe STFAOASYyOe 3I20SNYyIyOS Aa dzyRSNLAY
Jordan Energy Strategy 2022030 The Strategy calls for a 9% energy savings by 2030. It outlines

targeted efficiency improvements across the ateity, water, transport, and building sectors.
The strategy us updated by the current document which extends the targets towards 2035.

Jordan Energy Strategy Action Plan (2Q2030} This operationalizes the above strategy through

a set of coordinated qgrams, emphasizing stakeholder collaboration and feasiaitityen
implementation. It reaffirms EE priorities across all major consumption sectors. The action plan is
updated to follow the current updated energy strategy.

National Energy Efficiency Aot Plans (NEEAPS)

W2 NRIYyQa O2YYAGYSyd G2 SyKFIyOAy3da SySNHe& STTFAC
through its series of National Energy Efficiency Action Plans (NEEAPSs), each building on the
experiences and outcomes of its predecessor. Hingt NEEAR covering the period from 2012 to
2014, set a target of achieving 806 GWh in electricity savings, primarily through 11sgectific
measures across residential, industrial, commercial, and water sectors. By the end of the
implementation period, apmximately 324 GWh had been saved, representing 40% of the
targett an important foundational achievement that highlighted both the potential and
challenges of energy efficiency programming in Jordan. $éeond NEEARmMplemented
between 2018 and 2020, wasgsificantly more ambitious, with a target of 1,975 GWh in
cumulative savings. It featured 35 energy efficiency measures, including 26-spetific and 9
crosssectoral actions. Despite facing challenges related to financing and institutional readiness,
the plan succeeded in delivering 914 GWh in savings, amounting to 46.3% of its intended goal.
The current and most comprehensive plan, thieird NEEARor 2024;2026, aims to improve
energy efficiency by 6.02%equivalent to 1,055 GWh of electricity savirmgsnpared to the 2018
baseline. This plan introduces a total of 50 targeted measures supported by 61 subordinate
actions, covering all key consumption sectors. It is grounded in the strategic objectives of the
Jordan Energy Strategy 2@2ZD30 and incorpor@s valuable insights and best practices derived
from the previous NEEAPs, ensuring a more integrated,-diddan, and result®riented
approach to energy efficiency across the Kingdom.
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Legal and Regulatory Framework

W2 NRIFyYyQa 99 f S3Anatfurheints &e/contpreionsNéSaadiizicllidé:2 NB

Jordanian National Building Law (1993)Mandates thermal insulation and efficient
heating/cooling systems, enforced via the Thermal Insulation Code (1998, revised 2009) and the

Energy Efficient Building Code (201
Renewable Energy and Energy Efficiency Law (2012, Law Nanti3Amendment (2014, Law

No. 33) Establishes legal grounds for EE activities, including tax exemptions, the creation of

JREEEF, and mandatory licensing/audit systems.
By-law No. 73 of 2012A pivotal regulation mandating:

Energy audits and licensing for auditors.
Energy labelling and MEPS.
Consumer reporting and database creation.

O O O O

response.

By-law No. 13 of 2015 & No50 of 2018 Offer sales tax and customs exemptions for EE

equipment.

By-law No. 49 of 2015Establishes the Jordan Renewable Energy and Energy Efficiency Fund

(JREEEF) under MEMR.

General Electricity Law (2003, Law No. 6EMRC is mandated to promote im@ial electricity
use.

JS 2243 Energy Audit Standards (20)plied to all entities consuming >50 toe/year, with
enforcement and compliance overseen by MEMR.

Energy Efficiency Standards and Lab&sforced by JSMO under-By 73/2012, with testing
supported by the accredited Energy Labelling Laboratory at NERC.

Financing and Institutional Support

Jordan has institutionalized energy efficiency financing through public funds, concessional loans, and

donor-backed programs.

The Jordan Renewable Energy amergy Efficiency Fund (JREEEF), established in 2012, serves as the
SY SNE

O2dzy iNBEQa OSY(iN}Yt AyadAddziazy F2NJ FAyYylIyOAy3
pivotal role in enabling the implementation of energgving projects by offering structured financial

package that typically includes 30% in frepayable grants, 50% in concessional loans, and 20% in
6ARS

O2YYSNDAIE FAYIYyOSd WwO99CQa &dzZLJLIR2 NI &L} ya |

mediumsized enterprises (SBE&), municipalities, and industrial entities. By 2023, the fund had
successfully contributed to annual energy savings of 75.3 GWh, translating into cost reductions of

approximately JD 16.8 million. Looking ahead, JREEEF aims to mobilize between JinZhdilD 100

million annually in energy efficiency investments by 2025. In addition to its financial offerings, the fund
provides critical technical assistance, supports the enforcement of energy efficiency standards such as
Minimum Energy Performance &w@ards (MEPS), and conducts nationwide public awareness and

education campaigns to promote the adoption of efficient energy practices.
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The Central Bank of Jordan (CBJ) has taken a significant step toward promoting sustainable economic
development throughtte launch of its Green Finance Strategy for the period P@38. This strategy is
RSaA3aySR (2 GNIYyafF2N)Y (GKS TFAYyFIYyOAlLf aSOi2N Ayid2
encouraging investment in environmentally sustainable projects. In litrethis objective, the CBJ works

in close coordination with commercial banks across Jordan to develop and offer tailored financial products
that support energy efficiency (EE) and renewable energy (RE) initiatives. These products include
concessional loanand credit lines that are specifically structured to reduce the financial barriers faced

by businesses and households seeking to implement clean energy solutions. Through this strategy, the
CBJ aims not only to facilitate access to green finance butialso 8 G NBy 3G KSy W2 NRIF yQa N
and environmental risks, align the financial sector with national sustainability targets, and position the
country as a regional leader in sustainable finance.

In addition to the core financing mechanisms ddsedi above, several other initiatives contribute to
expanding the availability of funding for energy efficiency and renewable energy projects across different
sectors. One such initiative is the Green Economy Financing Facility (GEFF) Jordan, led bpaha Eur
Bank for Reconstruction and Development (EBRD), which provides dedicated credit lines through local
partner banks to support private sector investments in green technologies, including energy efficiency
upgrades and renewable energy installationsother key program is the Energy Efficiency in Public
Buildings (EEPB) initiative, funded by the German development bank KfW, which targets improvements in
energy performance across governmenwned buildings through retrofitting and modernization
projects.The Cities and Villages Development Bank (CVDB), in partnership with the European Investment
Bank (EIB), also plays an essential role through a framework loan designed to support energy efficiency
improvements in municipal infrastructure, benefiting od&0 municipalities across Jordan. Furthermore,

the Jordan Kuwait Bank offers a specialized Energy Efficiency Product, developed in collaboration with the
Central Bank of Jordan, which provides tailored commercial financing for companies aiming to reduce
their energy consumption through efficiency measures. Collectively, these initiatives diversify the financial
fryRaOFLIS FT2NJ ANBSYy Ay@gSaidySyda Ay W2NRIY FYyR NBA
efficient and lowcarbon economy.

SectorSpediic Integration and Green Growth

W2 NRIyQa SySNHe& STFAOASyOe OGAz2ya | NB Of 2-aSte | f
NAP) 20242025 and Vision 2025. These policies embed EE into six core sectors, namely energy, water,
transport, agricultue, waste, and tourism, and aim for a sustainable and resilient economic
transformation. The transport GEAP specifically targets modal shifts, public transport investment, and
e-mobility.

3.3.13 Water sector

W2 NRIFYyQ&a bl A2yl £2040 lays DM Hofgliend, iint€gEhied visiorHto ensure lasting

water security, environmental sustainability, and seSi®2 y2 YA O NBaAft ASyO0S Ay 2yS
water-d OF NOS 0O02dzy iNASad !t A3dJYySR $gAGK (GKS ylFiAz2yQa 9
Modernization Roadmap, the strategy addresses deaped structural challenges in water supply,
governance, finance, and climate adaptation. It establishes actionable goals through 2040 to rebalance
supply and demand, optimize utility performance, harness -oamventional water resources, and

modernize institutional structures.
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scarcity threshold of 500 m3. With rapid population growth, climate change,grodndwater over

abstraction, water availability is projected to further decline by 15% by 2040. The strategy prioritizes the
National Conveyance Project, and the expansion of reclaimed wastewater use to stabilize municipal and
irrigation supplies.

The stategy outlines an urgent financial restructuring plan. With annual deficits of J§BQ00million

and electricity accounting for over half of operational costs, water utilities currently recover only a fraction
of their service costs. The plan aims to awei full cost recovery for operations and maintenance (O&M)
and buildoperatetransfer charges by 2040, while maintaining affordability for-lneome users through
targeted subsidies.

This will be achieved by restructuring tariffs, reducing energy consampmproving cash collection, and
mobilizing investment for maintenance. A phased approach is envisioned where recovery of O&M costs
will be achieved by 2030 and full cost (including capital charges) by 2040.

Recognizing that the water sector consum@szdzi diz 2F (GKS O2dzy iNBEQa G20l
identifies energy efficiency as a priority for financial and environmental sustainability. Pumping water
FONRP&da W2NRIyQa StS@FridAzy 3ANIRASyida FyR GNBIFGAY:
exceeding total water bill revenues. The goal is to reduce the energy consumed per cubic meter of water
processed and to reach 40% renewable energy integration in water sector operations by 2040. This will
involve implementing energy management systems, eraiing infrastructure, and coordinating with

MEMR on joint projects.

The agricultural sector, responsible for nearly half of total water use, faces immediate reforfarrdn
water use efficiency is just 60%, with freshwater used disproportionately ivédue crop production. By
2030, the strategy aims to replace 60% of freshwater used in irrigation with reclaimed or harvested water.
Nonrconventional sources will be prioritized for agriculture, especially in the Jordan Valley, while
highlands irrigatiorwill be subjected to stricter controls.

Reforming the legal and institutional framework is critical. The strategy seeks to establish a transparent,
independent regulatory body; update outdated laws; and implement dhitaen performance systems.

At the sane time, it aims to modernize the workforce by strengthening career pathways, enhancing
training, and increasing representation of women and youth across water institutions.

Recognizing the importance of digital transformation, the strategy emphasidegtion of smart
technologies, SCADA systems, and advanced data analytics to improve operations and transparency. The
role of the private sector will be expanded in wastewater treatment, infrastructure development, and
service delivery through wetegulaed partnerships. An innovation center is envisioned to incubate and

pilot modern water technologies in collaboration with academia.

W2 NRI yQa ¢ G§SNJ aSOG2 N MalneratieSrytheicGuit. RRisihgdempekatbiresy 2 & U (
declining precipitdon, and extreme weather events threaten infrastructure, water quality, and
agricultural output. The strategy integrates climate adaptation into every objective, including drought and

flood management, water reuse, and circular economy practices. Addihont institutionalizes the
Water-EnergyFoodEnvironment Nexus through the creation of a Nexus Council to ensure policy
coherence and integrated project development across sectors.
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3.3.14 Climate Change Greenhouse Gases Emissions

Jordan has developed a compensive climate governance framework composed of the updated

National Climate Change Policy 22050 (NCCP), th&ourth National Communication to the UNFCCC

(4NC), and thd_ongTerm Low Emission Development StratégyS). These documents collectively
aNIi A Odzf  §S W2NRIyQa O2YYAUlYSyld (2 OftAYIGS NBaAftASy
aligned with its Nationally Determined Contributions (NDCs).

TheNational Climate Change Policy 202050 (NCCPets a clear policy vision that by 2090rdan will

be more resilient to climate change impacts and will maintain progress toward carbon neutrality through
low-carbon investments and clean energy deployment. The policy emphasizes inclusiveness, fairness, and

the principle of commotsbut-differentiated responsibilities. The core objective is to integrate climate
adaptation and mitigation across all sectors, making climate action a central pillar of national
RSOSt2LIYSyid ¢KS LkRftAOe dzaSa I a¢KS2NER 2cial/ KFy3Ss
awareness, and inadequate finance, with enablers like policy coherence, capacity development, and
gendersensitive planning.

Key features of the NCCP include:
A dualtrack approach to adaptation and mitigation, with crasgting measures.
Emphasi®n institutional reform, technology transfer, and financing.
Integration of gender, youth, and vulnerable groups.

Alignment with national priorities such as Jordan Vision 2025 and the Economic Modernization
Vision.

W2 NJRFowtiiNational Communicatio(NC) to the UNFCCC provides a detailed update on greenhouse

gas emissions, sectoral vulnerabilities, and national mitigation actions. Total GHG emissions in 2019 stood

Fd FLWNREAYLFGStE ondt ald/ hi S R2YAY!Il Gr&Rdustrial 6 KS S
processes, and waste. Emissions trends have remained relatively stable due to renewable energy
deployment and fuel switching from oil products to natural gas.

Key vulnerabilities identified in the 4NC include:
Water stress, intensified bglimate variability and demographic pressures.
Agricultural losses, due to temperature increases and changing precipitation patterns.
Health threats, particularly the rise in vectborne and wateirelated diseases.
Urban and coastal risks, from heatwaviéash floods, and saline intrusion.

The report details ongoing and planned adaptation projects in water infrastructure, sustainable
agriculture, and early warning systems. Mitigation policies focus on:

Renewable energy scaig, now contributing around 28 of electricity generation.
Energy efficiency programs across residential, industrial, and municipal sectors.
Public transport investments and vehicle electrification.

Carbon pricing discussions and MRV systarasinderdevelopment.
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W2 NR | y-Teém LwZExhiSsion Development Strategy (LTS) presents an ecewiayroadmap to
achieve a nekero emissions target by 2050, structured around thtieee horizons (short: to 2030;
medium: 203%2040; long: 20442050). The strategy adopts a scendviased approachevaluating
decarbonization trajectories against businessusual (BAU) baselines and seednomic constraints.

The LTS identifies five transformative pathways:

1. Power Sector Decarbonization Targeting 5Q60% renewable penetration by 2040 and full
decarbonization by 2050 through grid modernization, storage, and flexible baseload systems.

2. Sustainable TranspogtExpanding public transport infrastructure, transitioning to electric and
hydrogen vehicles, and deploying learbon fuels.

3. Green Buildingand Industryg Enhancing building codes, introducing minimum energy
performance standards (MEPS), and promoting clean industrial processes.

4. Circular Economy and Waste ManagemeSicaling up wastto-energy initiatives, improved
recycling, and methane capte.

5. Agriculture, Forestry, and Land Use (AFQ@LUbplementing climatesmart agriculture, improving
land use practices, and afforestation.

The strategy emphasizes the importance of international climate finance, carbon markets, and just
transition mecharéms. It also includes dmenefits assessments, such as job creation, public health
improvements, and biodiversity preservation.

These three documents reflect an increasingly harmonized climate governance system:
The NCCP sets the letaym framework and giding principles for climate action.

The 4NC operationalizes international reporting and tracks GHG trends, vulnerabilities, and
sectoral progress.

The LTS provides a quantified, sectoral roadmap fozeet emissions aligned with NDC and
NCCP targets.

N GAGdziA2yFE YIFEYRFEGSE I NE NBAYTFT2NOSR 0 &spaciicS a Ay A &
responsibilities assigned to line ministries. The Climate Change Directorate and the National Climate

Change Committee (NCCC) eeatrallycoordinating lmdies across all documents. Overall, Jordan

stands out in the MENA region for articulating a clear, integrated, and foAgakdng response to

climate change one that prioritizes resilience, inclusivity, and loarbon development.

3.3.15 Transport sector

JordaQa Yyl GA2Yy I f OGN yALRNI LRftAOE fFyRaAaOFILIS A& RS
modernization, environmental sustainability, and climate mitigation goals. The core of this policy
framework is structured around three interlinked documents: mngTerm National Transport Strategy
(LTNTS)the Sustainable Urban Transport Master Plan (SUTMR) theNational EMobility Strategy

(2024 ¢23ISHKSNE GKS&AS AyadNdHzySyda 2FFSNI I O2KSNBy
an integrated, lowemission, and socially inclusive sector by-cedtury.
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The Longrerm National Transport Strategy 2@23n nn0 Sa il 6f AaKS&a (GKS O2dzy i NJ
a safe, efficient, and sustainable transport system. It emphasizes a shift from fragmentddpeadent

infrastructure to a multimodal system grounded in interconnectivity, logistics efficiency, and institutional
modernization. At the core of this strategy is a commitment to strengthening governance structures

within the sector. The strategy callsrfthe empowerment of the Land Transport Regulatory Commission

(LTRC), modernization of institutional roles, and enhanced coordination among the Ministry of Transport

and other regulatory and planning bodies. This institutional reform is seen as founalatiodelivering

long-term improvements in infrastructure delivery, service regulation, and performance oversight.
a2NB2@FSNE (KS aiGNrdS3e KAIKEAIKGA (GKS ySSR (2 SEL
road transport, advocating for investmentn rail corridors, dry ports, and intermodal hubs to optimize

regional trade logistics and reduce owvetiance on fossiluel-intensive trucking.

In parallel, the Sustainable Urban Transport Master Plan for Jordan (2022) addresses the growing
challenge2 ¥ dzNB Iy O2y3SadAzys FAN LRffdziA2y> YR Y20A
focuses primarily on metropolitan areas such as Amman, Zarqga, and Irbid, proposing a comprehensive
framework to promote more compact, connected, and equitablbamr mobility. Central to the master

plan is the principle of transittriented development (TOD), which promotes densification around-high
capacity transit lines to reduce average trip lengths and increase public transport utilization. The plan also
encourges pedestrianization and active mobility infrastructure, such as safe sidewalks and bike lanes,
particularly in densely populated or underservedighborhoods Importantly, the SUTMP calls for the
deployment of Intelligent Transport Systems (ITS) to ity public and private transport services,
streamline fare structures, and enhance user accessibility. A critical concern addressed in the plan is the
limited coverage and quality of public transport, particularly in eastern Amman and peripheral cities,
where nearly 37% of the population lacks access to reliable transport services. This gap disproportionately
affects lowincome households, youth, and women, thereby undermining the broader objectives of social
equity and economic inclusion.

The third and met targeted of the three strategies, the NationaMsbility Strategy (2025), introduces a
F20dzaSR aSi 2F LRtAOE AYOISNBSyidAz2ya FAYSR Fd OGNy
strategy is driven by three primary policy motivatiorexiucing national greenhouse gas (GHG) emissions,
AYLINRGAY3I 20Kt AN ljdZrtAGex yR NBRdzOAYy3I GKS Oz2d
Jordan had registered over 42,000 electric vehicles (EVs), driven largely by generous import tax
exemptions. However, the strategy acknowledges that fiscal incentives alone are insufficient foeedong
transformation. It therefore outlines a broader policy package that includes reforming EV charging tariffs,
introducing timeof-use electricity pricingo manage grid loads, and investing in national charging
infrastructure. Specifically, it estimates that at least 510 additional public charging stations will be
required by 2030 to keep pace with projected EV uptake. It also highlights the need for dilli4®0in

power sector investments, comprising JD 190 million in new generation capacity and JD 210 million in grid
upgrades, to accommodate transport electrification without destabilizing the national electricity supply.

Importantly, the EMobility Straegy does not limit its scope to private vehicle adoption. It includes
targeted interventions for electrifying public transport fleets, particularly city buses. For example, the
Greater Amman Municipality has launched abwes pilot, but scaling such eftsrremains hindered by
financing gaps, lack of technical capacity, and infrastructure constraints. The strategy therefore proposes
new publieprivate partnership models, innovative procurement frameworks, and integrated depot and
charging solutions to sumpt city-level electrification. From an economic perspective, the full
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implementation of the proposed policy measures could yield a net present value of USD 255.6 million,
driven by fuel savings, improved air quality, and new employment opportunitiesimenance, charging
infrastructure deployment, and electric vehicle services.

When examined collectively, these three strategies demonstrate a shift in Jordanian transport policy from
reactive infrastructure investment to proactive, systebyssed planning.The Longlerm National

Transport Strategy providestrategic architecture and institutional roadmap. The Sustainable Urban
Transport Master Plan operationalizes this vision through localized, inclusive mobility interventions. The
E-Mobility Strategy targes a critical technical transformation with tangible emissions and energy benefits.
¢23SGKSNE (KS&aS LRftAOASA NBFESOG W2NRIyQa O2YYAl
economic modernization. They also reinforce the country's Nationatgrihined Contributions (NDCs)

under the Paris Agreement and its broader goals under the Economic Modernization Visig2@E23

3.3.16 Green and Sustainable Policies

Jordan has developed a comprehensive and evolving framework of green and sustainable policies that
reflect its strategic ambition to transition toward a lesarbon, resourcefficient, and climateesilient

economy. These policies are rooted in nationale&lepment plans and climate commitments, most

notably the EconomidViodernization Vision 20284 noo X W2 NRI y Q& dzLJRFGSR bl i
Contributions (NDCs), and a suite of sectoral strategies spanning energy, transport, water, and industry as
discussedn the previous sections. Together, they outline a coherent and eseswral pathway toward

sustainable development, with climate change mitigation, adaptation, and green growth at the core.

¢tKS SySNHeé aSOoi2N aSNBSa Ilransfdiniaton. Ol BadmpriensigeyESergg T W2 |
Sector Strategy 2022030 charts a course for energy diversification, security, and affordability by
expanding renewable energy to contribute 31% of electricity generation by 2030. Parallel to this, the
20242025 enegy sector priorities under the Economic Modernisation Vision accelerate implementation
through targeted investments in solar, wind, green hydrogen, and grid modernization. The National
Energy Efficiency Action Plans (NEEAPS) have institutionalizeetesinorplanning and implementation

of efficiency measures, with the third NEEAP (2@226) alone aiming to reduce electricity consumption

08 20SNI mZnnn D2K® W2NRIYyQad 3INBSY KeRNR3ISYy aidNraGs
export hub, leveaging its vast renewable potential and geographic proximity to European and Gulf
markets. The strategy outlines a phased approach to project deployment, infrastructure planning, and
regulatory development. Complementing these sectoral efforts is the JoRkmewable Energy and

Energy Efficiency Fund (JREEEF), which operationalizes green finance through grants, concessional loans,
YR LI NIYSNBKALJ gAUK R2Yy2NA FYR O2YYSNDAL§ 0l
municipalities, and SMEs, with initiagwthat span solar heating, PV deployment, efficient appliances, and

public awareness campaigns. The Central Bank of Jordan also plays a role in green finance, launching a
Green Finance Strategy to direct capital toward clirraligned investments and supgd energy

transition projects.

In the water sector, the National Water Strategy 262340 introduces sustainability principles across
resource planning, infrastructure development, and utility operations. It aims to reduceewamue
water, expand renewlle energy use in water pumping, increase the share ofcanventional water,
and achieve full cost recovery for water services by 2040

hy GKS OfAYFGS LRtAOE FNRYyGXI W2NRI I3 anklBeukttii SR b |
National Communicatio provide a comprehensive vision for resilience and emissions reduction. The
policy integrates climate across planning, budgeting, and institutional frameworks, emphasizing the role
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of adaptation in water, agriculture, health, and urban development. ThetRdNational Communication
KAIKE AIKGa GKS O2dzy i NEBQa @dzZ y S NI -spacifidniitigatidn 2fforGf A Y I
AyOf dzZRAy3d NBySslofS SySNHeX SySNHé STFAOASyOe:x
Term Low Emigon Development Strategy (LTS) adds a fordeo#ling decarbonization roadmap,
targeting netzero emissions by 205@mphasizingclean energy, electrification of transport, circular
economy measures, and afforestation.

3.4 Barriers and challenges for penetriain of RES and EE

Despite significant progress, Jordan faces several challenges that hinder the full penetration of renewable
energy sources (RES) and the widespread adoption of energy efficiency (EE) measures.

A key challenge regarding the share of RES in electricity generation is the structural limitation in grid
capacity and flexibility, leading to curtailment and increased system balancing needs. These constraints
are highlighted in th&Comprehensive Energiréegy 202@2030, which calls for greater investments in
storage and grid modernization to support higher renewable shares. Regulatory bottlenecks, such as
delays in licensing, grid connection approvals, are cited ifEth@bility Strategyas obstacleshat deter
investor confidence (JordanMobility Strategy, 2025). Timef-use (ToU) tariffs currently exist for electric
vehicle charging, telecommunications, medium and large industries, extractive industries, and water
pumping, while the introduction ofoU in the residential sector is planned for 2026.

Financial challenges are relevant particularly for sisdle consumers and municipalities, who often face
difficulties accessing affordable capital for EE retrofits and decentralized solar systemsighAltho
institutions like JREEEF have introduced concessional financing and grant mechanisms, gaps remain in
market penetration due to limited project bankability and credit constraints (JREEEF Bookie2 @ZZR)5

In the EE domain, th&hird National Energy fifiency Action Plan (NEEAP 2€20R26)identifies barriers

such as low compliance with audit requirements, insufficient enforcement of energy performance
standards, and limited institutional capacity to implement cresstoral efficiency measures.

Infrastructure limitations, such as the need for expanded smart metering, grid storage, and localized
substations, are emphasized in tl#onomic Modernisation Vision Energy Sector Priorities¢2025%

and thePresidency Annual Report for the Energy Sector (202%)ye slowetthan-expected smart meter
deployment (63.9% achieved versus 72% targeted) illustrates the practical difficulties in rolling out
enabling technologies.

Finally, water scarcity presents a craextoral barrier, particularly relevant for soldrermal and green
hydrogen projects that rely on watentensive processes. This challenge is addressed ilN#tional
Water Strategy 2028040, which emphasizes the critical watenergy nexus and the need for-tmcated

water and energy planning. Addieing these interlinked barriers will require a combination of
infrastructure investment, regulatory modernization, targeted financial instruments, and institutional
NBEF2NY (2 dzyt 201 GKS FdzZ t LRGSYydArt 2F wo9{ IyR
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4 Pathways and Methodology
4.1 Introduction

Developing a national energy strategy requires an analytical approach that includes complexity and
uncertainty about futuredevelopments. One of the most effective tools to navigate this landscape is
scenario building, a methodology that allows policymakers to explore multiple plausible futures rather

than attempting to predict a single outcome. A scenario is a pathway ofuatsted narrative that

describes how the future might unfold, based on different assumptions about key driving forces. These
narratives are not forecasts, but explorative tools that reveal potential choices and their consequences.

In energy planning, thisnalysis helps stakeholders assess policy options, manage uncertainty, and
identify robust pathways for sustainable and resilient energy systems. Robust scenario analysis is an
FLILINBFOK (2 &GNYFGSIAO LA IFYyYyAYyd (KINU ARSHRI 0DBERYRE |
future. The emphasis is not on predicting the future, but on preparing for uncertainty, variability, and
shocks. The key Features of Robust Scenario Analysis include an exploration of uncertainty since the
approach recognizes that ¢hfuture cannot be predicted with precision and therefore alternative

pathways are used to capture a wide range of possible outcomes including economic, technological,
political, environmental topics. Through evaluating how strategies perform across pathfea example

with rapid renewable uptake of geopolitical instability, the approach identifies vulnerabilities and trade
2FFad LG FT20dzaSa 2y NRodzadySaa FyR y20 2LWNAYFTEAGE
reasonably well across mgnpathways, even if it is not the absolute optimal in any single one.
Furthermore, the analysis is iterative and adaptive since pathways are updated as new data, technologies,

or policies emerge allowing decisiomakers to adapt policies over time rathdvain being locked into one

path.

4.2 ThePathways
4.2.1 About pathway analysis

Alternative pathways analysis facilitates decismaking by illuminating uncertainties, traadfs, and
potential implications of different strategic choices, rather than offering forexcaBypically, national
planning exercises define lzaselinepathway which represents a continuation of current policies and
alternative pathways which explore different options including aggressive renewables uptake, hydrogen
introduction into the energymix, increased energy efficiency measures etc. As an example, Egypt's
Integrated Sustainable Energy Strategy to 2035 (ISES) employs a normativeadisizk policy pathway

to guide its longerm energy transition. Rather than projecting future outcomesdzhon existing trends,

this approach begins by defining a clear set of national targets and then systematically works backward
to identify the specific policies, institutional reforms, investment needs, and infrastructure developments
required to reach tbse goals. This includes outlining the pace and scale of renewable energy deployment,
such as annual capacity additions for solar and wind. The ISES also considers the regulatory and financial
frameworks necessary to attract private investment and ensargrterm power sector sustainability.

This approach also helps manage competing policy priorities, such as reducing fossil fuel dependency and
maintaining fiscal balance, while staying on course toward its strategic sustainability vision.
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4.2.2 Pathways for thepresent study

The Jordan Energy Sector Strategy 2@P35 is structured around two principal pathwaydReference
Pathway and an Optimistic Pathway, each designed to explore alternative energy system evolution in
FEAIYYSYild oAlGK W2 esRidylanaingaedl 6§ SIA0 202S0GA D

The present study analysed several pathwagth different levels ofexpectedeconomic growth and
ambition related to the energy efficiency improvement and utilisation of renewable energy sources
(Figure50).

A ©
=
Optimistic &
Pathway |l P =z
Pathway 3
)
9
> 5
c
Q
0
Reference Path I -
Pathway athway @
@®©
o
o
k=
Increased Ambition for RES and EE
Figure50: Overview ofanalysedpathways
Table9: Key attributes ofanalysed mthways
RES Energy
o
N Pathway GDP Electricity Efficiency
Reference GDP (3% 0
| Reference until 2028, 2.6% after 330/0 by 2030 Current
that) 40% by 2035 trend
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)
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average) EE
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The Reference and the Optimistic Pathways are considered in more detail in the following analysis,
representing the two extremes of the analysis space, while Pathways Il and lll are presented in the
Annexes.

TheReferencePathwayreflects a continuation of existing policies, investment patterns, and moderate
improvements in energy efficiency and renewable deployment. In the electricity sectdReference
Pathway follows a conservative penetration of renewable energy sourcevauw the national target

for 2030 and increasing after this. This pathway serves as a reference case for assessing system costs,
energy security, and emissions under current trends.

The Optimistic Pathway reflects rapid economic growth and an accetkrateergy transition,
characterized by stronger policies, higher renewable energy integration, rapid electrification of transport,
and full implementation of energy efficiency measures across the residential, tertiary, transport, and
water sectorslt antidpates deeper market reforms, and a proactive investment program to maximize the
use of domestic energy resources, particularly solar and wind, and optimize renewable energy integration
in the power sector supported by storage and grid modernization.

These Pathway are assessed across the strategic axesRefiability, Affordability, Security,
Sustainability, Accessibility, Maximizing the Use of Domestic Resources, and Optimizing Renewable
Energy These axes mirror the core strategic objectives that weré blA Y SR Ay i &825 W2 NR I Y
energy strategy, namely: ensuring secure and sustainable energy supply for development, increasing the
contribution of local resources to the energy mix, and reducing the economic burden of energy costs.

Securityof suppiNB Yl Aya | O2NB O2yOSNY Ay W2NRIyQa SySNBRe@
which continues to rely heavily on natural gas. The latest disruption in natural gas supply in 2025,
exemplified the negative effect that this could have on thetaof electricity generation. In 2023, over

80% of electricity generation wéigeledby natural gas, although the operation of the oil shale plant and

the growing share of renewable energy has begun to diversify the fuel mix. Nonetheless, the need for
further diversification of generation technologies and fuel sources remains critical to strengthen resilience
and reduce dependency on gas imports. The recent developments of the Risha gas field and the
exploitation of this domestic resource can be a real garimanger in the energy sector of Jordan. The
Attarat oil shale plant (470 MW), commissioned in {8@23, marked a major development in domestic

energy resource utilization and contributes to both energy security and-loaskcapacity, albeit with
environmental tradeoffs. As for nuclear power, particular SMR, it remains a candidate technologyin long

term planning, to be assessed after 2035 in light of evolving teglwomomic and geopolitical
O2yaARSNI GAZ2yad hy GKS 2Af impotsltditidBuesaattR@b thewarhdR Iy Q &
Petroleum Refinery meets around 60% of domestic demand for refined products. No acute risks have
been identified concerning access to crude oil and petroleum products, as Jordan has sufficient access to
global marketsand oil products are widely traded.

aAYAYATAYy3 GKS 20SNItf Oz2aid 2F¥ SySNHeé& NBYlFLAya | O
modelling framework embedded in JESS assesses different future pathways under multiple parameters,

such as econoia growth, fuel and technology prices, and policy enforcement levels, while optimizing for
systemwide costs. Particular attention is given to the cost implications of energy diversification,
renewables integration, grid upgrades, and fuel switching, eénguthat affordability remains a
cornerstone alongside sustainability and security.
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Determined Contributions (NDCs), which aim to achieve econeitly emisn reductions relative to
businessasusual projections. The emissions impact of eRelthwayis explicitly quantified, taking into

account fuel mix evolution, technology choices, and the role of clean energy interventions. The pathways
willtesttheeffedi A @Sy Saa 2F LRfAOe LI O] 3ISE& Ay NBRdAzOAYy3A [/ hi
longterm decarbonization pledges.

Energy efficiency remains one of the most eeffective strategies to improve system performance. JESS
incorporates a suite of emgy efficiency policies across key sectors, particularly residential and tertiary
buildings, transport, and the water sector. The planned measures include thermal insulation, efficient
lighting and appliances, EV and hybrid vehicle promotion, modal shifban transport and introduction

of rail for freight transportation. Each policy is characterized by implementation timing, savings potential,
and expected enforcement rates, especially in the medium to long term.

4.2.2.1 TheReferencePathway

The Reference Patlay represents a scenario witeferenceGDP growthconsistent with the projections
utilised in the latest Electricity Masterplain which current energy and climate policies are fully
implemented without additional measures beyond those already plaroreghnounced. It assumes that
existing national targets, including renewable energy integration goals, are met through incremental
progress and institutional continuity. This pathway serves as a reference case to evaluate the energy
aeadsSyQa LISdedFe? tédtoyy oS polidsy stability and moderate ambition, rather than
transformational change.

Under thisPathway the Kingdom prioritizes the optimal use of all available primary energy resources,
including both domestic fossil fuels and renewable sesr This means continued exploitation of oil shale

for electricity generation, the sustained use of natural gas, both domestically produced and imported, and
a moderate expansion of renewables such as solar PV and wind. Jordan continues to maintai its LN
import infrastructure in Agaba to provide a backup mechanism for energy security, particularly in periods
of high demand or supply disruption.

The Reference Bthway also integrates the strategic decision to capitalize on recent natural gas
discoveries,n the Risha field, which are expected to be scaled up gradually for national supply. The
inclusion of Risha gas at a competitive price set at 90% of the imported gas price (including the
transportation costs) supports its increasing role in the domestiplumix, while pipeline gas imports

from Egypt and Israel continue, in line with current contracts through 2035 and LNG remains available as
a backup source.

To enhance fuel diversification and reduce the cost and environmental impact of oil prmhszimption,

the pathway incorporates the promotion of natural gas and compressed natural gas (CNG) in the industrial
and transport sectors. This includes gradual fuel switching from diesel and heavy fuel oil to natural gas,
particularly in urban freighpublic transportation, and industrial heating applications. A key infrastructure
component included in this pathway is the development of natural gas distribution networks in major
cities such as Amman and Zarga, with operation starting from,28l&ynedwith recent feasibility studies

and investor calls from MEMR.
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Figure51: Projections of natural gas use in industry and the gas distribution network of Amman and Zgqgarce: MEMR
2025)

The Reference Pathway is designed to meet the existing targeESfin electricity generation 88% by
2030, increasing further to 40% by 2035. Renewable energy contributions grow steadily up to 2030, mainly
through utility-scale solar PV and onshore djfenefiting from global cost reductions and available land
in southern and eastern Jordafihe growth of variable renewable generation after 2030 is enabled by
strategically deploying Battery Energy Storage Systems (BESS) at a capacity equivaleof il 254
VRE installationsThe storage systems support grid flexibility by providing sterh balancing and
shifting energy to match demand patternModeled as griecconnected assets they are crucial for
managing intreday fluctuations and ensuringigply security in a decarbonizing system.

Explicit cost adjustments for grid infrastructure requirements are included in the analysis, to ensure a
realistic and robust simulation of future system expansion. To reflect the additional investment required
for integrating new generation into the transmission network, an incremental cost of $94 per kW of new
capacity is added to all generation capacity investments. This accounts for the reinforcement and
expansion of the transmission system, particularly impotrtander high renewable energy penetration
scenarios and the inclusion of the synchronous condensers mentioned above. Similarly, as electricity
demand increases, particularly due to electrification of transport, buildings, and water pumping, the need
for distribution network upgrades becomes critical. Therefore, an additional $547/kW is added for each
kW increase in electricity demand, capturing the capital expenditures associated with expanding medium
and lowvoltage grids, transformers, and consurievd infrastructure.

ThePathwaymaintains a balanced view of energy security, relying on multiple import routes for fuels,
resilient generation technologies including ddia¢él power plants, and diversification across fossil and
renewable sources. It assuméhe continued operation of the Attarat oil shale plant (470 MW). Nuclear
power and in particular Srmallodular Reactors (SMR) remain a candidate technology but does not appear
as part of the solution within the planning horizon, with its assessment tefdyeyond 2035 for potential
longterm integration.
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consumption from water sector operations, particularly with the implementation of the Aglanan

Water Desalination and Conveyance Project (AAWDCP). Scheduled to become operational in 2030, this
project will involve largescale desalination at the Red Sea and {disance pumping of water northward

to supply Amman and other central regions. Given lingh elevation difference and long conveyance

route, the project is expected to impose a significant electricity demand, primarily forphégsure

pumping. In theReferencd JF 1 Kol @83 GKA& ySé6 RSYIYyR Aa SELIX AOAGTE @
electricity load, and it is assumed that the AAWDCP will be powered by 240 MW of dedicated solar PV
capacity, developed under wheeling arrangements to supply the Ministry of Water and Irrigation (MWI)

2N Ada 2LISNI GAYy 3 | ISy O poficit to detaibanize theSvatdeaeygy efiFandS OG a W
minimize the financial burden of utilitgcale water supply projects.

The development of green hydrogen is acknowledged as a strategic opportunity but is assumed to remain
at a nascent stage within the plaimg horizon. While Jordan has initiated policy frameworks and
international cooperation (including MoUs and feasibility studies) to explore its potential as a regional
hub for green hydrogen production and export, especially leveraging its high solariaddesource
availability, theReference Pathwagissumeghe development of facilities for exporting by 2035dure

52). Hydrogen is not included as an energy vedtodomestic demand or supply balances. However, basic
infrastructure requirements such as grid integration points, land allocation for hydrogen zones, and
regulatory groundworkwill be initiated, setting the foundation for pof035 scalingThe option of
SELRNIAY3I INBSY KERNRISY A& | OGAGSte LNBIZSRS 6AGF
to be achieved within five years of the original schedule, reaching the 2030 goals hyr2d35 with the
expected development of the common infrastture.
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Figure52: Green H2 export assumptioAs

The Jordan Petroleum Refinery upgrade has been incorporated into the analysis of both pathways as a
strategic project. It is assumed to fiealizedby 2030, with a refining capiy of 73,000 barrels per day

and a total investment requirement of 2.0 billidSD Its inclusion reflects the ongoing importance of the
domestic refining sector in meeting national oil products demand with fuels according to the highest
international staadards, while also reducing reliance on imports and improving energy security. By
considering this investment under both pathways, the analysis ensures consistency in the treatment of

20 5ource: Data from Draft National Green Hydrogen Strategy for Jordan, Oct. 2023, transposed by five years
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transition trajectory.

In terms of demand drivers, thHieeference Pathwag underpinned by demographic projections consistent
with national sourcesforeseeing an average annual increase of the population of 2.239% unti] 2035
reaching 15million people by that year. Theconomic projectionsire considered witha constant annual
GDP growth rate of 2.75%

International energy price projections, critical for modelling cost competitiveness, are incorporated
directly into the Reference Pathwawysing inputs from the IEA World Energy Outlook 2024, pricing
formulae for natural gas and basic assumptions for thedRjsls pricing as described in detail in section
4.3.2 below.

The implementation of ToU tariffs is included in tRefaence Pathway starting in 2027, which is
projected to lead to a 8.9% reduction in the peak demand and a 1.8% reduction in energy consumption
by 2030 (see Sectio® KSy GKS Fdz f STFSOG 28000 RBAGEFNAFTFFAE GAf S

A series of transport stor policies already under implementation or formally adopted by the
Government of Jordan are included with a focus on clean vehicle deployment, and infrastructure
development. According to the latest statistical data a total of 198 thousand Electriclage{EV) are
currently registered idordan. In 2023 and 2024 the sales of EVs corresponded to 56% and 50% of new
sales respectively. The pathway assunaesontinuation of the increase ofVE consistent with the
assumptions in the electricity sector Masgplan and the Optimistic scenario of th¥Estrategyleadng

to a projection of EVs accordingttoe next able.

Tablel0: Projection of the EV&

2025| 2030| 2035
Battery EV (000 vehicles| 198 | 320 445

Additionally, theintroduction of Compressed Natural Gas (CNG) vehicles, particularly for-tiegvy
applications such as freight and municipal fleets, is incorporated as a minor but strategic policy element
to reduce diesel use and improve local air quality.

In summary, te ReferencePathwayrepresents a continuitpriented pathway, grounded in current

policies, moderate technological progress, and gradual diversification. It offers a realistic reference for
FaaSaaiay3a GKS NRodzaldySaa 27 Wy bddRmiynans, whilé aiINERy a8 & G ¢
comparison with more ambitious pathways in terms of cost, emissions, system flexibility, and investment
needs.

4.2.2.2 The Optimistic Pathway

The Optimistic Pathwasepresentsl Yy | YO A UA2dzA Q@A A&AA2Y T 2 bybstdmNbithr & 2 NY A
rapid economic growth as its primary drivihe average GDP growth rate is consistent with the 5.6%
foreseen in the Economic Modernization Vision (EMV) of the Kingdom. The patéfiests a future

where policy ambition is strengthened, teadingical change is accelerated, and climate and sustainability

21 Source: own elaboration based on the latest statistics on new registrations by the Department of Statistics and assumptions on the
annual share of EVs in the new registrations
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goals are prioritized. This pathway explores the potential of a-féglkwable, lowefremission energy
system, supported by market reforms, advanced infrastructure, and comprehensive desitznd
measures.

The same inputs as in thReferencePathway are considered for the availability of fossil fuel imports,
prices, refinery update and the exploitation of the local gas resources in the Risha gas field.

Energy demand in the Optimistic Pathway gn#icantly higher than in the Reference Pathway, driven by
strongGDP growtlof 5.6% annuallpver the next decade.

A central pillar of the Optimistieathway is the accelerated decarbonization of the electricity sector. The
share of renewable energy saas (RES) in electricity generation is projected to reach 50% by 2033,
significantly beyond the targets of tHReference Bthway. This transition is driven by rapid deployment

of utility-scale solar PV and wind power, supported by the introduction of gnstgrage solutions to
maintain system stability. The increasewafriable renewable generation is supported by the strategic
deployment of Battery Energy Storage Systems (BESS). A key planning assumptidtathwlaigs the
installation of BESS capaciquivalent to 25% of the capacity of all n®REinstallations. The storage
systems are assumed to provide both shietm balancing and peak shifting, enabling more efficient use
of solar energy during evening demand peaks and reducing reliance -bingghgeaking units. These BESS
units areconsidered to bayrid-connected assets, dispatched accordingteastcost optimization logic.
Their contribution is essential for absorbing irttay fluctuations and maintaining the security of supply

in a decabonizing system. Furthermore, to maintain system stability in a grid with high shares of inverter
based renewable generation, the analysis integrates the installation of four Synchronous Condensers of
125 MW each, based on recommendations from the studythe Establishment of a Grid Development
Strategy for the Jordanian Electricity Syst@f22). These devices enhance inertia, voltage regulation,
and fault current support, which are critical for grid reliabiligxplicit cost adjustments for grid
infrastructure requirements are included in the analysis. To reflect the additional investment required for
integrating new generation into the transmission network, an incremental cost of $94 per kW of new
capacity is added to all generation capacity stweents. This accounts for the reinforcement and
expansion of the transmission system, particularly important under high renewable energy penetration
scenarios and the inclusion of the synchronous condensers mentioned above. Similarly, as electricity
demard increases, the need for distribution network upgrades becomes critindlan additional
$547/kW is added for each kW increase in electricity demand, capturing the capital expenditures
associated with expanding mediumand lowvoltage grids, transformersand consumetevel
infrastructure.

The implementation of ToU tariffs is included in the Optimig&thway, starting in 2027, which is
projected to lead to 8.9% reduction in the peak demand and a 1.8% reduction in energy consumption by
2030 (see Sectiodn KSy (G KS FdzZ t SFFSOdboBagKS G NAFFa oAttt o

The development of green hydrogen is included with the same assumptions asReférence Bthway

for exports, but small quantities of green H2 are also available for use in irdagiglications, mainly in

the chemicals and fertilizers sectors.

NGKS GNJF yaLR2NI aSO02NJ 6KS LI GKgle& | aadzyrSa GKS Oz2y
Strategy.n 2023 and 2024 the sales of EVs corresponded to 56% and 50% of newegadesively. The

pathway assumes the continuation of this trend with 60% of new registrations being EVs in the time
K2NART 2y dzyiAf wHnopX lFa |y STFSOUGU 2F GKS O2yidAydzd
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promoting EV penetration, with irntives such as vehicle registration discounts, and public charging
infrastructure investments. This leads to a projection of EVs according to the next table.

Tablel1: Projection of the EV&3

2025

2030

2035

Battery EV (0080ehicles)

198

728

1,258

The introduction of Compressed Natural Gas (CNG) vehicles, particularly forchiaapplications such

as freight and municipal fleets, is incorporated as a strategic policy element to reduce diesel use and

improve local air quidty.

Strong emphasis is placed on the modal shift from private vehicles to public transport, recognizing its dual
role in reducing both energy consumption and greenhouse gas emissions. According to the Green Growth
National Action Plag Transportation 8ctor (2020) a suite of public transport improvement measures is
projected to achieve a 10% reduction in passeHrgkmeters(pkm) from private cars by 2030, increasing

to 17.5% by 2035. Key initiatives supporting this shift include the Amman Bus Séwse] fhe Jordan
Urban Local Bus Reform Project in Irbid and Zarga, and the expansion-cérdoen municipal fleets.

These efforts aim to improve service reliability, expand geographic coverage, and upgrade vehicle
efficiency, making public transport a meoattractive and sustainable alternative. The pathway assumes
an increase in the pkm travelled by public transportation through better integration of routes, ticketing

systems, and the introduction of cleaner buses, thereby reducing urban congestiomingyeer capita
fuel use, and contributing to improved air quality and equity in mobility access.

Looking beyond road transport, the Optimistic pathway includes the commencement of freight rail

operations from 2031, in alignment with the Jordan NationaMRe Project; Phase | and the Loferm

National Transport Strategy (to 2030). This new rail corridor is expected to support modal shift in freight
logistics, reducing heavy truck traffic and associated emissions, particularly along key trade and transit
routes. This projection assumes that 3% of the freight load (in thkms) is shifted from road transport to rail

transport by 2035 gradually after the start of the operation in 2031.

Distribution losses, are targeted for a gradual reduction with the Hemg objective being to reach 1 0
LISNOSYy(G o6& wnopsx FfA3IyAy3

efficiency and financial sustainability in the eleatyicector

W2 NRI yQa

aeaasy

gAGK

Enhanced energy efficiency measures are implemented in buildings, to reduce overall energy demand,
improve system costfficiency, and lower emissions. In the buildings sector, policies support the
widespread adoption of thermal insulation, effnt lighting and appliances, high efficiency heat pumps
and geothermal heat pump systems for space heating and cooling, especially in new urban developments

and large public and commercial buildiigamore detailed description in presented in sectiol @here

the results on energy efficiency are also analysed)

22 Source: own elaboration based on the latest statistics on new registrations by the Department of Statistics and assumptions on the

annual share of EVs in the new registrations
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4.2.3 Modelling methodology

The modelling framework implemented for the pathway analysis of the Jordan Energy Sector Strategy
(20252035 is the TIMES (The Integrated MARERDM System) model, a wigeécognized, bottorup,
technologyNA OK 2 LIGAYAT F A2y (22t RS@OSt2LISR dzy RSNJ G KS
Technology Systems Analysis Program). TIMES is designed to identifpsastergy system pathways

by minimizing total system casbver a defined planning horizon, while meeting specified energy service
demands and policy constraints such as emissions targets or renewable energy shares. TIMES covers the
entire energy system, from primary energy supply and imports, through transt@mand conversion
processes, to endse consumption across all sectors, including residential, commercial, industry,
transport, and agriculture, enabling a fully integrated assessment of energy flows, technology choices,
and policy impacts. (Figure 5L)integrates detailed techneconomic data on energy technologies, fuels,

and enduse sectors, allowing for scenattiased analysis of investment, operation, and policy impacts
across the energy system. The model uses linear programming techniquesadasdive optimal mix of
technologies and fuels under each scenario. TIMES supports both national and regional modelling
applications and is extensively used in ldagn energy and climate policy planning worldwide. A
comprehensive description of the TIMEramework, its mathematical structure, and data requirements

is provided in Appendix Il of this report.
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Figure53: Energy System representation in TIMES

To complement the longerm optimization of the energy system using TIMEES,SDDP (Stochastic Dual
Dynamic Programming) model is appliedatmalyzethe hourly dispatch of the power system in selected
milestone years, when the share of variable renewable electricity generation is high. SDDP & state
the-art tool widely usé for modelling the operation of hydrothermal and renewablgsed power
systems under uncertainty. It optimizes shtetm and mediumterm dispatch decisions by simulating
hourly electricity demand, generation availability, including variability in satar vaind output, and
operational constraints such as ramping limits, reserve requirements, and interconnection flows. This
detailed temporal resolution allows for a realistic assessment of system flexibility, curtailment risks,
storage requirements, and blep needs under different generation mixes. By focusing on key years,

111



typically those corresponding to strategic policy targets or significant technology transitions, the SDDP
simulations provide critical insights into system reliability and the feagilafiintegrating high shares of
variable renewable energy. The results from SDDP are used to validate and refine the TIMES outputs,
ensuring that investment pathways derived from leasst planning also satisfy operational feasibility
under realistic disatch conditions.

4.3 Drivers and Assumptions for Modelling Purposes

The following modelling inputs are common across both pathways which are analysed within the
modelling framework and are therefore presented here. A detailed presentation of the model iisputs i
included in Appendix I.

4.3.1 Demand Drivers

In energy system modelling, demand drivers are critical exogenous inputs that shape the evolution of
energy service needs across sectors. These include population growth, GDP growth, and sectoral
economic activityall of which influence the scale and structure of energy demand. By projecting these
drivers across the planning horizon, the modelling framework allocates energy consumption across
sectors and endises based on service demand, technological performaateconomic optimization.

The population of the Kingdom is projected to increase steadily from 11.5 million in 2023 to 15 million in
2035, reflecting a compound annual growth rate of 2.239%, based on Department of Statistics (DOS)
estimates® (the next figire). This demographic expansion will lead to an increase of energy service
demands mainly in the residential and transportation sectors.

Total Population
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Figure54: Population projection

23 This projection was used in the Electricity Masterplan 2024 for the electricity demand projections.

112



The Reference Pathway is based on the baseline GDP gratetlassumed in the development of the
2023;2035 Electricity Sector Master Plakccording to this projection the growth rate is 3% until 2028
and 2.6% after that until 2035.

The GDP growth rate used in theptimistic Rthway analysis is consistent with the Economic
ModernizationVision (2023) targeting an average growth rate of 5.6% between 2023 and 2033, achieving
the target of 58.11 billion JD by that year. In the modelling framework, these projections will define the
scale of energy service demands across residential, commercial, industrial, and transport sectors, serving
as the basis for evaluating final energy demand, system cost, emissions, and fuel mix.

4.3.2 Fossil fuel Prices

International fossil fuel price projectierare among the most uncertain and influential parameters in-long
term energy system modelling. These prices affect technology dispatch decisions, investment pathways,
and overall system costs, particularly in countries like Jordan, which relies heawiipaned fuels. The
volatility of global oil and gas markets, driven by geopolitical tensions, supply chain disruptions, and
energy transition dynamics, makes it difficult to predict future price trajectories with high confidence.

In the modelling frame®& NJ F¥2NJ W2 NRIyQa SySNHe &GN GdS3exr GKS
assumptions based on authoritative sources. Crude oil prices follow the Stated Policies Scenario (STEPS)
of the IEA World Energy Outlook 2024 projections, starting at $82i#023 and declining gradually to
$77/bbl by 2040, reflecting a lorigrm easing of oil demand globally. LNG import prices are $12/MMBTU,
while imported gas prices are calculated based on the pricing formulae in connection withuttesair

price and thedlocal Rika gas pricing is set at 90% of the import price plus the transportation tariff once

the pipeline is operational in 2030.

Table12: Projections of fossil fuel pricé$

2025| 2030( 2035

Crude Oil ($/bbl) 80.71]79.00| 78.00
LNG ($/MMBTU) 12 | 12 | 12
Egypt gas ($/MMBTU) 6.27| 6.23| 6.20
Chevron Gas ($/MMBTU) 6.53| 6.45]| 6.40
Transportation tariff ($/MMBTU) 0.90| 0.90| 0.90

Final price for Chevron Gas ($/MMBT 7.43| 7.35| 7.30
Final price from Risha Gas ($/MMBT\{ 4.50| 6.62 | 6.57

4.3.3 Power Sector Data

Technology cost projections are a fundamental input in keast optimization models such as TIMES, as
they directly influence the competitiveness, deployment rate, and system role of various energy
technologies. In TIMES, the model sed& minimize total system cost while meeting energy service
demands and policy constraints. Therefore, assumptions about future investment costs, operating and
maintenance expenses, efficiencies, and lifetimes of technologies, particularly for renei@pglesolar

PV, wind), storage systems, electric vehicles, and emerging technologies like green hydrogen, play a

24 Source: Crude oil price according to the Stated Policies Scenario (STEPS) of IEA World Energy Outlook (2024). N. Gas prices
calculated according to the pricing formula. Risha Gas price set at 90% of the import gas plus the transportation tariff.
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decisive role in determining the optimal technology mix. Lower projected costs for solar PV or batteries,
for example, can accelerate their gutmn in model results, displacing fossdsed generation and
altering the structure of the electricity and transport sectors. Conversely, overestimating costs can delay
decarbonization pathways or misrepresent transition risks. As such, using reliabtejipally updated

cost trajectories is essential to ensure realistic modelling outcomes and robust scenario comparisons. In
this analysis the cost data for the power sector technologies that have been used in the Electricity
Masterplan (2024) are implenm¢éed as can be seen in Table 10. Annex | includes detailed tables of
technology costs across all sectors.

Tablel3: Overnight Capital Costs of Electricity Generation Technologies

. Overnight Investment Costs ($/kW)
TECHNOLOGY Life

(years) 2025 2030 2035 | 2040
CCGT 25 1000 1000 1000 1000
Steam Turbine 25 1300 1300 1300 1300
Gas Turbine 25 675 675 675 675
Oil Shale Steam Turbine 30 4700 4700 4700 4700
Nuclear 60 - 6000 6000 6000
Nuclear SMR 60 - 4000 4000 4000
Wind 20 1200 1200 1170 1100
PV 20 650 650 600 550
Roof top PV 20 1110 1110 900 825
CSP 8h storage 25 3090 2458 2034 2034
CSP 12h storage 25 4060 3100 2570 2570
Biogas 25 4430 3960 3960 3960
Hydro Pump storage 60 1200 1200 1200 1200
BESS 4h storage 15 701 700 726 726

Source: Electricity sector masterpl@924). PV and Wind prices reduced according to the projections by
IEA World Energy Outlook (2024)
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5 TheReferencePathway

This chapter presents the results of tReferencd?athway, which reflects the continuation of the current
trends in the energy system development undeferenceGDP growth

5.1 Final Energy Consumption

Final energy consumption refers to the totalexgy consumed by end users such as households, industry,
transport, services, and agriculture after energy has been delivered and converted from its primary
sources (like crude oil, coal, natural gas emawables). Expressed in kilotoo&oil equivalent(ktoe), it
serves as a fundamental input for determining the required primary energy soubdesn byreference

GDP growth anthe increase in populatiorthe final energy consumption rises steadily from 6,893 ktoe

in 2025 to 8,525 ktoe in 2035, a tofatrease of 23.7 ¥Figure55).

Final energy consumtion per sector
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Figure55: Final energy consumption per sector for the period 202635

In 2025, transport dominates natial consumption with 43.4 %, followed by the residential sector at
24.5%, industry 15.5 %ommercial and services 8.8 %, and agriculture and water pumping ByB2630,

total FEC reaches 7,589 ktardtransport still represents the largest shared®5 %, industry increases
AGad 6SAIKG aftAakKGte G2 mMyoy 223 GKS NBAARSY(GALlf
and agriculture represent 9.0 % and 8.0 %, respectiwel035, transport consumption reaches 3,571
ktoe, maintaining &1.9 % share. The residential sector rises modestly to 1,847 ktoe (21.7 %), industry to
1,531 ktoe (18.0 %), services to 885 ktoe (10.4 %), and agriculture to 691 ktoe BvEFal, the sectoral
composition of final energy demand remains transpdominated but with a gradual structural shift
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Figure56: Final energy consumption per fuel for the peri@0252035

Final energy consumption by fuel shows a gradual decarbonization trend between 2025 and 2035, with a
decline in coal and oil use and strong growth in electricity and naturaF@e€56). In 2025, oil products

are the dominant energy source with 4,258 ktoe (61.8%) of total consumption, followed by electricity
(28.5%), natural gas (4.7%), renewables (4.0%), and coal (1y0203@® total final energy consumption

shifts structurally as oil products decline to 3,550 ktoe (46.8%), while electricity rises to 2,415 ktoe
(31.8%), natural gas surges to 1,231 ktoe (16.2%), renewables contribute 380 ktoe (5.0%), and coal drops
sharplybelow 0.2%. In 2035, oil products still account for 43.5% (3,708 ktoe), electricity increases to 2,716
ktoe (35.5%), natural gas reaches 1,662 ktoe (21%), renewables stabilize around 429 ktoe (5.6%), and coal
almost disappears (11 ktoe, 0.1%). Between3288d 2035, the share of oil products and coal declines
from 67.5% to 64.6%, while cleaner energy carriers, electricity, gas, and renewables expand steadily.
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Final energy consumtion in industrial sector
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Figure57: Final energy consumption in the industrial sector for thenind 20252035

Final energy consumption in the industry sector shows a transition away from oil and coal toward natural
gas and electricity between 2025 and 208%g(re57). In 2025, total industrial consumption amounts to

about 1,070 ktoe, composed of coal 69 ktoe (6.5%), oil products 267 ktoe (25%), natural gas 325 ktoe
(30%), and electricity 408 ktoe (38%). By 2030, total industrial FEC rises to roughly 1,428ktwural

gas becoming the dominant fuel with 744 ktoe (52%), electricity accounting for 589 ktoe (41%), while oil
products drop sharply to 81 ktoe (6%), and coal drops below 1%. In 2035, industrial FEC reaches about
1,531 ktoe, with natural gas (55%)d electricity (39%) almost fully replacing traditional fossil fuels. Over

the decade 20262035, total industrial energy demand rises by 43%, while its composition shifts decisively

as natural gas use more than doubles whereas oil products and coadféfiicantly.
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Final energy consumption in residential sector
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Figure58: Final energy consumption in the residential sector for the period 2€285

Final energy consumption in the residential sector undergoggrficanttransformation between 2025

and 2035, characterized by the phasat of oil products, the rapid penetration of natural gas, and the
steady electrification of endises(Figure58). In 2025, total residential final energy consumption stands
near 1,643 ktoe, largely dominated by electricity (784 ktoe, 48%) and oil products (700 ktoe, 43%), with
smaller shares from solar (142 ktoe, 9%) and bioenergy (17 ktoe, 1%). ®yt@&@aB consumption is
structurally altered as oil products reduce to 49 ktoe (3%), while natural gas rises to 353 ktoe (26%), driven
by gas network expansion in Amman and Zarqa. Electricity consumption increases to 872 ktoe (63%), solar
remains constanat around 188 ktoe (14%), and ambient hea&flecting the growing diffusion of heat
pumps contributes 91 ktoe (7%])n 2035,electricity becomes the dominant carrier at 958 ktoe (52%),
natural gas reaches 564 ktoe (31%), solar 184 ktoe (10%), and arhb&ni37 ktoe (7%), while oil
products and bioenerggeduce belowl%.
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Final energy consumption in commercial, service and public sector
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Figure59: Final energy consumption in the commercial, service and public sector for the period-2035

The commercial and services sector in Jordan alestrates steady electrification and the gradual
introduction of natural gas between 2025 and 2035, alongside a decline in oil prd#igise59). In

2025, total final energy consumption in the sector is around 602 ktoe, mainly composed of electricity (360
ktoe, 60%), oil products (174 ktoe, 29%), bioenergy (27 ktoe, 4%), and solar (42 ktoe, 7%). By 2030, total
consumption rises to roughly 683 ktdelectricity remains dominant (461 ktoe, 67%), natural gas enters
the mix with 103 ktoe (15%), and oil productsiuceto 31 ktoe (5%). Renewables continue to provide a
stable contribution of about 90 ktoe (13%), primarily from sdtarsolar water heatingln 2035, total
energy use grows moderately to about 886 ktoe, with electricity increasing to 569 ktoe (64%), natural gas
reaching 212 ktoe (24%), and renewaldesounting for 100 ktoe (11%). Oil products nearly disappeared,
falling below 1 ktoeBetween2025 and 2035, sectoral FEC rises by about 47%, while the energy mix shifts
decisively fronoil productsto cleaner carrierasnatural gas grows from zero to 212 ktoe.
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Final energy consumption in agricultural and water sector
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Figure60: Final energy consumption in the agricultural dnwater sector for the period 2022035

Final energy consumption in transport sector
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Figure61: Final energy consumption in transport sector for the period 262335
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Final energy consumption in the transport sector shows a gradual but clear diversification between 2025
and2035, with modest electrification and the initial introduction of natural gas, while oil products remain.
In 2025, total transport energy use reaches approximately 2,990 ktoe, of which oil products account for
2,890 ktoe (96.6%) and electricity 100 kt@400).By 2030, total consumption increases to 3,122 ktoe,
with oil products still providing 97%, but electricity rising to 149 ktoe (4.8%) and natural gas entering the
mix with 31 ktoe (1.0%), signaling the adoption of-fieded heavy vehicles arttle cantinuation of the
successfuklectric mobilitypolicy. In 2035, total transport demand climbs further to 3,571 ktoe, still
dominated by oil products (3,324 ktoe, 93%), though electricity reaches 202 ktoe (5.7%) and natural gas
45 ktoe (1.3%), confirming aplual diversificationThis evolution reflects slow decarbonization in the
sector compared to others, constrained by the dominance of conventional vehicle fitedteight and
internation aviation fuels

5.2 Primary Energy

Primary energy refers to energyntained in natural resources before it undergoes any conversion or
transformation by human activity. It represents the raw, unprocessed form of energy directly extracted
or harnessed from nature, including resources such as crude oil, natural gabjamalss, solar radiation,

wind, hydropower and geothermal enerd@rimary energy production is expected to rise significantly over
the next decade, driven by increased natural gas output from the Risha AidHtitionally, the largescale
integration of enewable energy into the power system as well as its use in green hydrogen and ammonia
production will further contribute to the overall growth in primary energy output

Primary Energy Production
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Figure62: Primary energy production for the period 2025035
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Primary energy supply by fuel
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Figure63: Primary energy supply by fuel for the period 202935

Primary energy supply increases moderately between 2025 and 2035, while the energy mix undergoes a
structural shift toward natural gas and renewables, withradgial decline in oil dependende. 2025, total
primary supply stands at roughly7d.8 ktoe, dominated by oil and oil products (48%) and natural gas
(33%), with oil shale (9%8nd renewables (9%) providing smaller shares. Coal and electricity imports
remain marginal. By 2030, the total supply rises to nearl273ktoe, driven by an increase of natural

gas to 4,97 ktoe (44%) and renewables to 1,191 ktoe (11%), while oil and oil products decline to 4,180
ktoe (37%). Oil shale remains constant, covgrmound 8%, and the first hydrogen exports appear. In
2035, total supply reaches 1Z@ktoe, with a clear decarbonization pattern: natural gas becomes the
leading source (45%), renewables exgpda 3,309 ktoe (8%), and oil and oil products fall 838%. Oil

shale remains af%, while hydrogen exports increase significatyEnoo (1 02S0X YIF NJ Ay 3
as a hydrogemxporter.

5.3 Energy import and export

Given the rise in domestic energy demand, imports increedi 2028 but therasthe production fom

the Risha gas fielscales up and the renewable energy gradually increases, imports stabilise at the level
of 6.3Mtoe. This corresponds to the take-pay quantities of natural gas and the crude oil and some oil
products that continue to be importedit the same time, energy exports are expected to rise, due to the
projected export of hydrogen and ammoraad the projected export of surplus gas from the Risha field
Overall, energy import dependency is projected to decline significantly, f68mii 203 to 10% by 2035,
driven by increased Risha gas productioenewable productiorand the expansion of hydrogen and
ammonia output.
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Energy import
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Figure64: Energy import for the period 2022035
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Figure65: Energyexport for the period 20252035
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Figure66: Energy mport dependency

The electricity sector is characterized by a diversified energy mix for power generation. Under the
ReferencePathway, electricity productiowill continue to be primarily based on natural gas, with a
gradually increasing contribution from renewable energy, particularly solar power plRetsewable
electricity generation is projected to reach around 33% of total production by 2030 and 409%8%y 20

Overnight investment costs reflect a balanced allocation between natural gas power plants and
renewables, predominantly solar, with substantial investment in the PHES Mujib project. PHES Muijib is
regarded as a key enabler of system flexibility and veadde integration, while further renewable
deployment after 2030 is supported by additional battery storage systems.
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Power plants installed capacity
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Figure67: Installed capacity per type of power plants in the period 262835
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Figure68: Overnight investment costs in the power system in the period 262835
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Figure69: Share of the installed capacity per type of power plants in 2025, 2030, 2033 and 2035
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Figure70: Share of the prduced electricity per type of power plants in 2025, 2030, 2033 and 2035
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Figure71: Indicators for RES penetration in the period 262835
5.4.1 Disbursement Plan foReferencePathway

Based on the results obtained for each of thathway analyzed, an evaluation was carried out of the
annual disbursement schedule required to cover the investments associated with the expansion of the
power generation and transmission system. For this purpose, it is important to recall that, up stete

of the analysis, the unit investment costs of the generation technologies have been considered as
overnight values; that is, they reflect the total construction cost as if the project were executed
instantaneously, without any temporal distributioof expenditures.

In order to realistically represent the sequence of outlays throughout the implementation cycle of each
project, these costs were transformed into typical annual disbursement schedules, differentiated
according to the nature of the invesent and the execution practices commonly adopted in the industry.

In particular, standard expenditure profiles were applied, reflecting the progressive distribution of costs
from the initial stages of studies and preparatory works, through the peak isments during the
construction phase, and up to the completion of the project and its commercial operation.

The scheduling of these disbursements, disaggregated by project type and planning horizon, is presented
in the next table and constitutes the bas for the financial analysis and comparative assessment of the
expansiorPathwag.
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Tablel14: Disbursement Schedule

ELEMENT Construction Period 1 2 3 4 5 6
CCGT 3 5% 25% 45% 25%
BIOGAS 3 5% 25% 45% 25%
SOLAR PV 2 5% 60% 35%
WIND 3 5% 50% 35% 10%
HPS 5 5% 15% 20% 25% 30% 5%
TRANSMISSION 4 5% 15% 25% 45% 10%
BESS 2 30% 65% 5%

The maximum development period of the works contemplated in the plan has been estimated at six years,
consistent with theexpected duration of the AWujib Hydro Power Storage (HPS) project. As an example,
and as shown in the reference table, gasd Combined Cycle Gas Turbine (CCGT) generation projects
have an approximate construction period of three years, while thearfoml disbursements extend over

four years, distributed according to the indicated percentages.

For transmission projects, it was assumed that the physical development of the works requires on average
four years, with a disbursement schedule extendingtodive years, reflecting the typical execution
timelines and financial closure periods associated with this type of infrastructure.

Based on these technologpecific schedules, a consolidated projection of disbursements was prepared
for the period 20252035, excluding any potential financial commitments that may materialize beyond
this time horizon.

For theReferencePathwaythe next igure presents the planned disbursement schedule for generation
investments, broken down by technology type.

128



750

700

650

600

550

500

450

400

350

Us$ Millions (@2023)

300

250

200

150

100

2025 2026

— CCGT

477

2027

[ WIND

GENERATION DISBURSEMENT PLAN
(Reference Scenario)

408

2028

162

135

266 263
194 204
144

2029 2030

SOLARPV  mmmmm HPS

2031 2032 2033 2034 2035

W BESS = = Annual Equiv. CapEx

Figure72: Generation Disbursement PlafRéferencePathway)

As shown in the figure, the disbursement plan begins with U&illion in 2025 and increases annually

to nearly USIDOO millionin 228, before declining to USEB4 million at the end of the study period. The
capital requirements to finance generation expansion average around48Smillion per year over the
analysis period, representing a significant demand for investment resources, the vast majority of which is
expected to be covered by private investment opportunities.

For this sam@athwayand study periodthe next igure presents the total planned disbursement for both
generation and transmission. The figure shows that transmission investments start &8#Mon in
2025, peak at US4 million in 2030, and then progressively decline to 23mnillion in 2035, with an
average annual transmission investment of approximately @Wsillion.

Considering the combined investments in both transmission and geparabtal capital requirements
average USBO01 million per year. Annual investment needs start at USD million in 2025, reach a
maximum of approximately USIY1 millionin 2028, and decline to USB18 million by the end of the

study period.
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Figure73: Generation & Transmission Disbursement Pl&e{erencePathway)
5.5 GHG emissions

Detailed sectoral and aggregate GHG emission results are shown in the subsequent graphs and tables.
Hectricity production and transporsectorsare the primary contributors to GHG emissions.
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CO2 emissions per sector
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m Residential 1949 1691 1514 1517 1505 982 1070 1156 1183 1286 1326
m Industry 1129 1089 644 578 434 287 312 344 322 353 258
m Energy Sector 417 418 420 422 424 748 748 748 | 748 | 748 748
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Figure74: CO2 emissions by sector in the period 262335
Total/ hi SYAadaAzya NBYFAY NBf | (2038 Sut the sacibtalcconposifod S NI (i K
shifts gradually in line with fuel diversification and electrification trerlds2025,CO2emissionsare
dominated by electricity generation 8%) and transpdr(37%), followed by residentiaB%), industry
(5%), and smaller shares from agriculture (3%) and commerceE2%03Qhe contribution oftransport
is 3%, while electricity generation slightly increase8% due teexpansion of gas generatiodespte
renewable expansion. Emissions from industry drop significaluttyto the significant reduction of coal
and the switch to natural gas for a large share of industrial installation®035electricity at 45% and
transport at 40% together account for rely ninetenths of national emissions. Overall, transport and
St SOGNROAGE LINE R dzGeinissbysoundds Yvhile ghisdidasSiront industry andbiuildings
decline due to electrification, gasification, and efficiency gains.
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CO2 equivalent emissions per sector
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Figure75: CQ equivalent emissions by sector in the period 202035
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6 The Optimistic Pathway

This chapter presents the results of the Optimistic Pathway, an ambitious scenario driven by high GDP
growth and rapid economic developmentinmang for 50% of electricity production from renewable
sources

6.1 Final Energy Consumption

The following graphs and tables present the estimated final energy consumption by sector and fuel type
for the period 202582035, further illustrating the distributionf fuel use across various sectors under the
Optimistic Pathway.

Final energy consumtion per sector
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Figure76: Final energy consumption per sector for the period 202835

Final energy consumption rises consistently from 6,893 ktoe in 2023,@/9 ktoe in 2035showing a
strong upward trend linked to economic growth, industrial expansion, and rising demand in the residential
and transport sectordn 2025, FEG dominated by transport (8%) and residential &6) consumption.
Industry follows with §%, commerciaand services account f®&%, and agriculture and water pumping
for 8%.By 2030, total FEC reaches abodBktoe, with transport (4%) remaining the largest consumer,
followed by industry (2%), residential 0%), services @0), and agriculture (8%)hd share of the
commercial and services sector grows rapidly, reflecting the expansion of tertiary activitiesling data
centres,and increased building energy demaha 2035, total FEC nearly doubles #g0BO ktoe, marking
a60% increase from 2029 ransport (8%) remains the maioonsumey but its share gradually declines
as other sectors expand faster. Industry grows substantially to 2,023 K&&&) (Residential demand rises
steadily to 2,126 ktoe &%), while commercial and services consumptioore than triples, reaching
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1,890 ktoe (%), emerging as the fastegtowing sectoy connected with the expansion foreseen n the

Economic Modernisation Visioh SN} f £ = 0SG6SSY Hnup | V6Ro, ledbpp = W2 NJ
threefold rise in servicesnergy use, followed by industrial (+89%), transport (+41%), and residential
(+26%). This evolution indicates a shift from transghimminated demand toward a more balanced

structure, driven by the expansion of the industrial and services sectors underEdomomic
Modernisation Vision.

Final energy consumtion per fuel
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Figure77: Final energy consumption per fuel for the period 202835

Fnal energy consumption by fuel shows a steady shift toward cleaner energy sources and electrification
between 2025 and 203%lriven by the phaseut of coal, reduced oil dependency, and strong growth in
electricity and natural gasn 2025, total FEC is dominated by oil products (62%) and electricity (28%),
followed by natural gas (5%), renewables (4%), and a small shard ¢f#)@y 2030, total consumption
showsa clear structural transformation. Oil products declined@®46, electricity riseto 38%, and natural

gas reaches5Po, marking its emergence as a major @se fuel. In 2035, total FEC reaches about 11,080
ktoe, with dectricity beconngii KS € F NBES&ad SySNH& OF NNASNJ é6nm:r03 2
natural gas increases further to 18%, reflecting industrial gasification and fuel switching. Renewables (6%)
continue expanding through solar, bioenergy, and @nbheat, while coal is fully phased oietween

2025 and 2035, total FEC grows by 61%, butftssil fuelshare dropsto 54%, as electricity and
renewables account for most of the increase.
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Final energy consumption in industrial sector
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Figure78: Final energy consumptiom the industrial sector for the period 20223035

The industrial final energy consumption rises steadily from 1,070 ktoe in 2025 to 2,023 ktoe in 2035,
reflecting robust growth driven by industrial expansion and progressive fuel switching toward cleaner
energysourced Y HAHpZ GKS AYyRdAZAGNAIE aSO0G2NNa SySNH& YA
(25%), and natural gas (30%), with a minor share of coal B322030, total industrial FEC reaches about

1,588 ktoe, while the composition shiftggificantly: natural gas becomes the main fuel (47%), electricity
AYONBIFaSa G2 ng>> FYyR 2Af LINRPRdAzOGA FyR O2Ff G23Si
away from traditional fossil fuel$n 2035, industrial FEC exceeds 3,8fbe, with electricity (55%) and

natural gas (42%) jointly accounting for nearly all energy use. Oil products fall to just 2%, and coal is almost
phased outo less thanl%.. SG ¢SSy Hnup FYR HnopX AYRdAZAIONAIE SyS|
intensive fuels (coand oil) decline by over 90%, replaced by electricity and gas. This structural change
demonstrates a decarbonization effort, consistent with national goals to expand natural gas
infrastructure, electrify industrial processes, and enhance energy efficiency.
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Final energy consumption in residential sector
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Figure79: Final energy consumption in the residential sector for the period 26285

Final energy consumption in the residential sector shows a deep transformation between 2025 and 2035,
characterized bgignificant reductiorof oil products, electrification, and the emergence of natural gas as
amajor contributa. In 2025, total residential demand is around4Q&toe, with electricity (46%) and oll
products (41%) as the main energy sources, followed by solar (8%), and coimoibutions from
bioenergy (1%)By 2030, total consumption shifts dramatically in composi@sil products decline
sharply t02%, replaced by natural gas (364 ktoe, 21%), while electricity rises to 924 ktoe (52%). Solar and
ambient heat together redtaround 335 ktoe (19%), confirming rapid diffusion of solar water heaters and
heat pumps.In 2035, residential FEC totals roughly B ,kibe, marking a 26% increase from 2025. The
mix becomes electricity 53%, natural gas 26%, solar 12%, ambient heat®8éflatraces of oil products
(<1%) remainThisstructural change over the decademonstrates a decisive decarbonization pathway

for the residential sectgremphasizinghe use ofclearer heating technologies, natural gas network
expansion, and widespael adoption of solar water heaters and efficient appliances.
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Final energy consumption in commercial, service and public sector
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Figure80: Final energy consumption in the commercial, service and public sector for the period-2035

The commercial and services sector shows strong growth in final energy consumption from 605 ktoe in
2025 to 1,890 ktoe in 2035, driven primarily by increased electrification and the introduction of natural
gas, while traditional fossil fuel use nearly gigaars. This increase is consistent with the achievement of

the GDP growth targets of the EMV, since services and in particular data centres play a significant role in
the achievement of the nationahrgets. InH nHp X GKS &aS00G2NDa ndedbktde, 02y & dz
dominated by electricity (360 ktoe, 60%), followed by oil products (29%), bioenergy (4%), and solar (7%).
By 2030, total demand rises to about 1,080 ktoe. Electricity becomes the leading source, reaching 826
ktoe (76%), while natural gas begito penetrate with 93 ktoe (9%). Oil products decline to only 33 ktoe
(3%), replaced byatural gas and electricitywhile renewables (solar, bioenergy, and ambient heat
combined) contribute about 12%n 2035, energy use nearly doubles to 1,890 ktoehwdt fully
transformed mix sinceelectricity dominates (1,425 ktoe, 75%), natural gas reaches 311 ktoe (16%), and
renewables (solar, bioenergy, ambient, and geothermal heat) collectively provide 9%. Oil products
become negligible (<0.1%), marking a fuiftstway from liquid fuels.
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Final energy consumption in agricultural and water sector
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Figure81: Final energy consumption in the agricultural and water sector for the period 2@P35
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Final energy consumption in transport sector
5000

4000

3000
2000
1000

2025 2026 @~ 2027 @ 2028 2029 2030 2031 | 2032 2033 2034 | 2035

Electricity 100 109 194 235 273 308 346 387 431 474 491
mNatural Gas 0 0 14 28 42 55 94 133 172 211 249
mOil Products 2890 2961 2915 2947 2995 3064 3132 3206 3288 3347 3464

ktoe

o

Figure82: Final energy consumption in transport sector for the period 262835

Final energy consumption in the transport sector remains dominated by oil products throughout the
period 20252035, though a gradual diversification begins through the introduction of natural gas and
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electricity. In 2025, total transport energy use is around 2,990 ktoe, composed almost entirely of oil
products (97%), with electricity representing 3% and no measurable contribution yetGNGBy 2030,

total demand increases to 3,428 ktoeainly in freight transpdation driven by the economic growth

with oil products providing 89%, while electricity use expands to 308 ktoe (9%), and natural gas enters the
mix with 55 ktoe (2%)used in trucks and bussemarking the first penetration of cleaner fuels in the
vehick fleet. In 2035, total transport energy consumption reaches 4,204 ktoe, showing a 41% increase
from 2025. Oil products remain dominant (82%), but their share continues to decline as electricity rises
to 491 ktoe (12%) and natural gas grows to 249 ktog.@%er the decade, oil product use rises modestly
(+20%), while electricity consumption increases nearly fivefold, and natural gas expands rapidly, reflecting
deployment of EVs, CN@hicles, and supporting infrastructure.

6.2 Energy Efficiency

To measure the energy efficiency achievements of the Optimistic pathway, the final energy consumption
is compared with the level of FE@iathwayll, which corresponds to the same GDP growth and therefore
the same demand in energy services, but with loweergy efficiency ambitiarAn overview of the
related differencesand measuress presented in the following table.

Tablel5: Energy efficiency related inputs

Pathway Il Optimistic Pathway
Introduction of Natural Gas
according to the current plan| Introduction of Natural Gas according
replacing oil products. the current plans replacing oil products
Energy Management systems and EE
industry leading to savings of 5% in 20
and 10% in 2035 comparetb the
Baseline
EVs reaching 728 thousand | EVs reaching 728 thousand by 2030 4
2030 and 1258 thousand by 203 1258 thousand by 2035
Share of CNG trucks 3% by 20 Share of CNG trucksaching 5% by 203
and 4% by 2035 of the total fleg and 20% by 2035 of the total fleet
of trucks trucks
Transportation Modal Shift: Reduce the demand
passenger kilometres by private cars
10% in 2030 and 17.5kf 2035 (25% by
2040) with a corresponding increase
pkm in public transport
Modal shift: Reduce the demand of to
kilometres covered by trucks by 3%
2035 (starting from 2031) shifting th
tnkm to rail transport of cargo.
Introduction of natural gag Introduction of natural gas according {
according to the study o] the study of gasification of Amman ar
gasification of Amman and Zargi Zarga
Solar water heaters cover 40%
the hot water demand in
households by 2035

Industrial sector

Residential Sector

Solar water heaters cover 50% of the h
water demand in households by by 203
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EfficientHeat pumps covering u
to 10% of space heating dematr
by 2030 and 20% by 2035

Efficient Heat pumps covering up to 50
of space heating demand by 2035

Condensing boilers up to 10%
the demand by 2030 and 20%
2035

Condensing boilers up to 30 ofthe
demand by 2030 and 40% by 2035

Savings from the implementation ¢
building shell improvement
(replacement of windows and insulation
Savings of 3% by 2030 and 7% by 203

Commercial/Services/Pu
blic sector

Introduction of natural gas
according to the study o
gasification of Amman and Zarq

Introduction of natural gas according |
the study of gasification of Amman ar
Zarqa

Solar water heatersover95% of
demand in hotels and 50% of th
hot water demand in hospitals b
2035

Solarwater heaters cover 100% of
demand in hotels and hospitals all
sectors by 2030

Limited used of ground sourg
heat pumps covering up to 1%
heating demand by 2035

Ground source heat pumps up to 40%
the heating demand by 2035

Efficient heat pumpsgovering 5%
of heating demand by 2030 an
7.5% of the heating demand K
2035

Efficient heat pumps covering up to 35
of the heating demand by 2030 and 40
by 2035.

Condensing gas boilers up to 1(
of the heating demand by 2035
hotels, hospitals and office
buildings.

Condensing boilers up to 20% of t
heating demand by 2035 in hotel
hospitals and officebuildings.

100% LED lighting in all buildin
by 2035

100% LED lighting in all buildings by 2(

Reduction of heating and cooling dema
by 5% in 2030 and 8.5% in 2025 due
the building shell improvement
(replacement of windows and insulatiot
in all nonresidential buildings)

Theimplementation of these measures in ti@ptimistic pathway achieves energy savings compared to
Pathwaylll. While Final Energy Consumption in Pathwiyeaches 1.92Mtoe by 2035, the Optimistic
pathway limits this to 1D8 Mtoe, resulting in an absolute saving o88.Mtoe. In relative terms, the
OptimisticPathwaybegins with modest savings ¥ in 202, butaccelerates to 4% in 2030, and reaches

7% savings by 2035.

In the residential sector, savings appear graduatachingl1% by 208 and 3% by 2035eflecting

efficiency improvements from building envelope refurbishment and household appliance upgrades. Th

commercial, services, and public sector follows a similar path, with incremental savdtg8wofrom 207
onward. The transport sector stands out walstrong trajectory as savings start at 1% in 2@8d climb
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steadily, peaking at 10% in ZR3underlning the structural impact of fleet renewal and modal shift to
public transport. The industrial sector also delivers sustained improvements, growing fsétnr2202

to 10% by 2035, showing the gradual but significant effect of eneffigienttechnologies, energy audits

and energy management systems. Overall, this analysis shows a steady pattern of progress, with transport
and industry providing significant lodgrm savings, while residential and services make smaller
contributions.

Savings between Optimistic and Baseline
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Figure83: Final energy consumption savings in Optimistic with respect to Pathwhay
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Figure84: Percent energy saving in Optimistic with respectReferencePathway
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6.3 Primary Energy

As in theReferencePathway, the increased domestic natural gas production from the Risha gas field,
together with the expansion of renewable energy for electricity generation and for hydrogen and

A % /4 A x

FYY2YAL LINPRdzOGA2Yy S A& SELISOGSR Gape AAIAYATAOLy it &
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Figure85: Primary energy production for the period 2025035

Primary energy production grows significantly between 2025 and 2035, increasing from 2,283 ktoe to
13,664 ktoe, driven by the rapid expansion in naturaleygaction and renewable energy generation. In

2025, total domestic production is modest at 2,283 ktoe, composed mainly of oil shale (39%) and
renewables (37%), while natural gas contributes 24%. By 2030, total production reaches 6,981 ktoe, with

a markedshift toward natural gas (55%) as the exploitation of the Risha field expands, followed by
renewables (22%) and oil shale (13%). In 2035, domestic production rises dramatically to 13,664 ktoe,
YSENI & O2@SNAy3 W2NRIyQa (a hdcdmesltieXlominaiBsouscy G49@, & & dzL
NEySsélofSa SELIYR (2 odizX |yR 2Af akKlfsSqQa O2yiN
OGN YATF2NXI GA2Y dzy RSNLIAYya W2NRFEYyQa LINPINBaa G261 NR
on domestic gas and remwables to reduce imports and enhance energy security.
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Primary energy supply by fuel
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Figure86: Primary energy supply by fuel for the period 202835

Primary energy suppl{PES)increases significantly between 2025 and 2035, while the energy mix
undergoes anarked transformation driven by the expansion of natural gas and renewables, alongside a
gradual decline in oil products and col.2025, total primary energy supply amounts to aro@e40

ktoe, with oil and oil products48%) and natural gas 83%0) doninating the mix. Renewables account for

9%, while oil shale contribusat 9%and coal at 1%By 2030PESises to approximately2630ktoe, with

the structure shifting notably toward natural ga&fs6), which becomes the main energy source, followed

by ol products (2%). Renewables expand rapidly #:1® / 21 f Q&4 &KIFINB ySI NI & @I y]J
shale remains stable at around 888 kiwith a relative share of 7%lydrogen export&merge after 2030
O2yaraidaSyd ¢AdK WatiiRds yhQEs5, Bthlprdngry K@pIR &S nfughBy2P0

ktoe, with natural gas leaithg at45%, renewables reaafg 31%, oil and oil products fatig to 27%. Oil

shale maintains a constant share of ab&@b.Hydrogen exports increase towards 2085linewith the

ambitions of the Kingdom to become a major green hydrogen producer in the regi@mall, between

HAHp YR HnopX W2NRI Y Qaswjvhile itstconfpesiBoNBegomasddedisifice I NP g &
F2aaArft Fdz5t aQ &K I7%Bffsa ¥ Gtfongyh&rdases iINBNewatples: (2 T

6.4 Energy import and export

Due to the rapid growth in energy demand, natural gas from the Risha field is expected to be fully utilized
R2YSadGAOltte FYR GKSNBT2NB dzyl @I Af lodtibok impravés) SE LR N
significantly over the coming decade. Higher domestic gas production, combined with the expansion of
hydrogen and ammonia industries and a substantial increase in renewable energy generation, strengthens
(KS O2dz/ i NBE Q& SNESANGa( 52 SWOrIANEIiyears 'RSLWSY RSy O8 2y Sy$§
sharply, from 8.3% in 2025 tdl9% by 2035, marking a major step toward greater-sefficiency and

resilience in the energy sector.
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Energy import
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Figure87: Energy import ér the period 20252035
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Figure88: Energy export for the period 2028035
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Energy import dependency
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Figure89: Energy mport dependency
6.5 Electricity sector

Optimistic Pathway is developed with a target to reach 50% electricity production from renewables in
2033. SuchPathwayrequires much more flexible power system which can be achieved with large
implementation of energy storage and strengthening intercortioes.

Overnight investment costs are significantly higher in the Optimistic Pathway comparedRefdence
Pathway, primarily due to the need for greater installed renewable capacity to generate the same amount
of electricity, along with the additional deployment of battery storage systems to ensure security of supply
and minimize curtailment of solar powerapits.
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Figure90: Installed capacity per type of power plants in the period 202835
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Overnight invesments in the power sector
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Figure91: Overnight investment costs in the power system in the period 262835
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Figure92: Share of the installed capacity per type of power plants in 2025, 2030, 2033 and 2035
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Figure93: Share of the produced electricity per type of power plants in 2025, 2030, 2033 and 2035
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Figure94: Indicators for RES penetration in the period 202835
6.5.1 Disbursement Plan for the Optimistic Pathway

For thisPathway it is evident that the investment requirements in the system are considerably higher,
driven by the impact of the renewable energy penetration targets on the power sysidm.following
figure presents the estimated annual disbursement plan for generativer the study period, broken
down by technology type
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GENERATION DISBURSEMENT PLAN
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Figure95: Generation Disbursement Plan (Optimistic Pathway)

As shown in the figure, the disbursement plan begins with USDbnilBon in 2025 and increases annually
to nearly USD 2 billion in 2031, before declining to USD@Lbillion at the end of the study period. The
capital requirements to finance generation expansion average Sbillion per year over the analysis
period represent a significant demand for inv@sint resources, the vast majority of which is expected to
be covered by private investment opportunities.

For this sam@athwayand study periodthe next figurepresents the total planned disbursement for both
generation and transmission. The figure shdhet transmission investments start at USPr8illion in
2025, peak at USBr6million in 2033, and then progressively decline to USPmillion in 2035, with an
average annual transmission investment of approximately UEnillion.

Considering the cobined investments in both transmission and generation, total capital requirements
average USD,49 billion per year. Annual investment needs start at U8R rhillion in 2025, reach a
maximum of approximately USPH67 billion in 2033, and decline to USL¥& billion by the end of the
study period. On average, the annual investment requirements undetPhibwayare almost 3 times
higher than those of th®eferencéPathway.

For the other two Pathways analyzed, Annex | presents the required disbursestizedules for the
development of the corresponding power generation and transmission systems.
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GENERATION & TRANSMISSION DISBURSEMENT PLAN
(Optimistic Scenario)
2,750
2.500
2.250
249
2.000
‘ﬁ 1.750 213 132
S 1.498 LES
81500 ===, ——m————————-—- - — —— - - -
@
c
2
£ 1.250
2
§ 129
1.000
102 1.947
1.655
750 92 eer 1.635
500 1.037
2 772 873
250
373
150
0
2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
B Generation N Transmission = == Annual Equiv. CapEx

Figure96: Generation & Transmission Disbursement Plan (Optimistic Pathway)

6.6 GHG emissions

Sectorspecific and total emission outcomesnissions in the Optimistic Pathwaye presented in the
following graphs and tables.

CO2 emissions per sector
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2ooooIIIII
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O 2025 2026 2027 2028 2029 2030 2031 2032 2033 | 2034 2035
m Transport 8668 8882 8795 8936 9125 9374 9678 10000 10347 10623 11067

Agriculture and Water Pumping675 698 747 796 851 912 981 1055 1136 1205 1277
® Commercial and Services 500 544 410 314 316 308 369 459 588 | 647 732

kt

m Residential 1949 1691 1602 1468 1490 951 1020 1102 1169 1214 1286
m Industry 1129 1089 747 743 519 243 240 236 233 222 209
m Energy Sector 417 418 420 422 424 751 755 755 755 755 755
W Electricity Production 10338 11094 12388 13314 14262 14245 14696 14984 14202 14946 15446

Figure97: CO2 emissions by sector in the period 262835
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CO2 equivalent emissions per sector
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Figure98: CO2 equivalent emissions by sector in the 20252035

6.7 Impacts of the Optimistic Pathway on the Power System

Renewable energy sources, particularly photovoltaic and wind power, have presented new challenges for
power systems. The large Ol £ S Ay GS3INF GA2Yy 2F GKS&aS a2dz2NOSa Aa
development vision, supporting the transition tonaore sustainable and environmentally responsible
SYSNHe aeadaSyo ! (1Se 202S0O00GALBS 2F W2NRIYAlFY SySNAH:
from renewable sources by the year 2033.

Due to the natural variability of solar and wind enepggduction, their integration into a power system

with respect taboth infrastructure management and control of energy flow in riiade is a real challenge.

Furthermore, electricity demand will become less predictable and more variable due to the &lattnif
of transport and heat.

Connection requirements for renewable energy sources encompass the technical, operational, and
regulatory criteria established to enable the safe and efficient incorporation of these resources into the
transmission grid. Therimary objective of these requirements is to ensure the security of supply, as well

as the stability and reliability of the electrical system, while accommodating an increasing share of
renewable generation.

¢KS NBfl GABSt e avYl fysysteinahdSts I2nffed MerddihectiofsiwithSneighpingk O A
countries mean that the shift towards an energy mix with a high share of renewable generation must be
carefully planned and implemented, with due consideration given to potential dynamic constrain

The dynamic behavior of a power system refers to how the electrical network responds over time to
disturbances, changes in load, or system faults. It involves the study of transient, oscillatory, and steady
state responses to such events to ensurebgity of the power system.
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In the case of nhoisynchronous generation (such as photovoltaics and wind), the following characteristics
must be taken into consideration:

Variability of power generation;

Impact on frequency management and balanaieguirements;

Impact on voltage and reactive power management;

Reduction of system inertia;

Variability of shorcircuit currents;

Geographic distribution of renewable generation across different locations;
Changes in electrical flow patterns.

A comprehenive analysis is required to enable the safe integration of renewable energy sources into the
power system, while maintaining a high level of security of supply.

6.7.1 Flexibility of the Jordanian power system

Flexibility is a critical attribute of modern powerstems, referring to their ability to respond reliably and
efficiently to variations and uncertainties in both supply and demand.

With the increasing share of variable renewable energy generation, the flexibility of both supply and
demand becomes criticglimportant. The power grid, as the backbone of the energy system, must evolve
to meet this challenge. Key measures to enhance its flexibility include:

Using FACTS (flexible AC transmission system) as "technological enablers" that increase the
operationalflexibility and adaptability of the transmission grid, allowing it to accommodate a
higher percentage of renewable energy, thus reducing the immediate need for large investments
in new infrastructure.

Developing new infrastructure to strengtheimterconnections and enable more extensive
crosgborder trading (both import and export).

Implementing energy storage solutions to provide a wide range of services that support system
security and reliability.

Deploying demand response systems as advaroets to improve grid responsiveness and
stability.

Introducing smart technologies across various areas, including forecasting, advanced metering,
digital twins, and other digitalization initiatives.

Achieving the desired level of grid flexibility will vég significant efforts and targeted improvements
across multiple areas of the electricity sector.

6.7.1.1 Interconnection

A 2 4 A x
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The interconnector with Syria is currently out of operation due to the ongoing conflict in that country, and
no estimated timeline is available for its reactivation. Reactivating the interconnection with Syria could
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trading opportunities, and facilitating access to European electricity markets via Syria and Turkey.

The interconnector with Iraq is currently operationatiwimited export capacity.

There is a connection between Jordan and Palestine, which is used to supply the Palestinian load, and this
load is considered part of the total load of the Jordanian system.

The current Electricity Sector Master Plan envisabegpotential construction of a new interconnector

between Jordan and Saudi Arabia. It should be noted that the Saudi Arabian power system operates at a
FNBIljdzSyde 2F cn 113 6KAOK gAff NBIldZANB (KS&ofdzasS 27
the new interconnection.

Improved interconnection with neighboring grids is a key enabler of a more flexible and resilient power
system. By allowing the exchange of surplus generation, facilitating access to a larger and more diverse
resource base, ral sharing reserves across borders, strengthened interconnections help balance
fluctuations in supply and demand, reduce the need for costly backup capacity, and support the seamless
integration of higher levels of variable renewable energy.

Regrettably, de to the unstable political situation in the region, it is currently not feasible for Jordan to
NEfe 2y AYyGSNO2yySOG2NE & | YSIya 2F SyKIyOAy3
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6.7.1.2 Energy storage

System flexibility can be enhanced through a variety of measuregrardy storage is a strong candidate

to play a central role in this regard. Energy storage can help balance the variable generation of solar and
wind resources, respond rapidly to significant fluctuations in demand, and thereby reduce the need for
additional backup capacity. In addition, it can support the grid during periods of peak demand, when
electricity prices are typically at their highest.

With the relatively small size of the Jordanian power system and the limited availability of
interconnections, aergy storage emerges as the primary solution for enhancing system flexibility and
facilitating the larg&cale integration of renewable energy sources, particularly PV generation.

Energy storage systems play an essential role in compensating for theiMgrizature of solar and wind
generation. They can respond rapidly to significant fluctuations in demand, thereby making the grid more
resilient and responsive. Their fagsponse characteristics also make them i&gelited for providing
ancillary servies required to maintain the secure and reliable operation of the power system. In addition,
energy storage can contribute to meeting demand during peak load periods. All these attributes position
energy storage as a highly effective and defficient soldion for ensuring security of supply and
maintaining the quality of service for grid participants.

The implementation of energy storage technologies is closely linked to potential revenue streams across
various energy markets. In deghead and intr&lay st markets, revenues can be generated through
price arbitrage, capitalizing on price spreads. In addition, energy storage systems can operate in a
constan#ower mode, providing rapid upward and downward regulation to support primary frequency
control. Thee systems can also participate in balancing markets, offering services for both secondary and
tertiary regulation. Moreover, when combined with variable renewable generation, energy storage can
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enable effective hybrid operatiomeduceimbalance costs anflirther expanding revenue opportunities
across different market segments.

Balancing Ancillary
regulation services

Day-ahead
market

Intraday market

Revenuesbased [ Revenuesbased
on price spreads [l on price spreads

Reducing
imbalance costs

Figure99: Usage of energy storages in different electricity markets

Energy can be stored using a variety of technologies. Pumped Hydro Energy StorB§) #ld
wellZxknown and highly suitable solution for storing and utilizing energy. While it is already widely
implemented in many power systems, the growing demand for energy storage necessitates consideration
of additional technical options. In this comte battery technology emerges as a logical choice, offering
the ability to effectively manage the variability associated with wind and solar generation.

Lithium-ion batteries should be considered the fidtoice technology fobattery storage, offering tgh
energy density, rapid response amdlatively long cycle life. Their efficiency, compact design, and
versatility make them ideal for both gristale and distributed applications

6.7.1.3 Demand side management (DSM)

Demandside management (DSM) is an essentmal for optimizing the operation of modern power
systems. By encouraging efiders to adjust their electricity consumption patterns such as shifting load
from peak to offpeak hours, DSM improves the balance between supply and demand and minimizes the
need for the reserve capacity. In this way, DSM supports the integration of variable renewable generation
and contributes to a more efficient, flexible, and resilient energy system.

Demandside management (DSM) is closely linked to electricity marketsalsvits endlisers to actively
participate in market operations. By responding to price signals such a®fiinee tariffs or reatime

pricing DSM encourages consumers to shift or reduce their load when pricbghrerincrease it when

prices are lowln this way, DSM contributes to more efficient market outcomes, reduces the need for
costly peak generation, and supports the integration of variable renewable energy. Moreover, DSM can
participate directly in ancillary services and balancing markets,i¢iray valuable flexibility and grid
support while creating additional revenue streams for participating consumers and aggregators.

Although the electricity market in Jordan is not yet fully developed, making the implementation of
demand&ide management (D for enddisers challenging at this stage, there is potential to introduce
DSM measures for selected industrial consumers.

Demand&ide management potential within the water transmission system has been analyzed in the EGI
d0dzRe a9adlof A@KIYBYYISYF JONMNARISSTF2NI GKS W2NRF YAl
YIEAYdzZY R26yY 61 NR Tt SEAOAfAGE 2F HHPH a2 | yR Fy dzLd
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6.7.1.4 Smart grid features

Smart grid technologies play a crucial role in increasing the flexibility and mesiled modern power
systems. Features such as smart metering systems, automated demand response, and distributed energy
resource (DER) management enable Zigak adjustments of load and generation, allowing the system

to respond effectively to fluctuatiam caused by variable renewable energy sources. By integrating
advanced monitoring, communication, and control capabilities, smart grids enable more efficient and
dynamic system operation. In addition, technologies such as dynamic line rating optimizididation

of existing transmission infrastructure by assessing and adapting to actual thermal and environmental
conditions, thereby increasing network capacity and operational efficiency. Meanwhile, digital twin
platforms support high fidelity simulationsnd predictive analytics, facilitating improved forecasting,
planning, and operational decisidgnaking. Together, these innovations enhance the resilience, stability,
and efficiency of the grid, making it better suited to accommodate higher shares of/adahe generation.

6.7.1.5 Atrtificial intelligence (Al)

Artificial intelligence plays a central role in supporting and enhancing these smart grid features. By
analyzing vast amounts of data from smart meters, sensors, and digital twin platforms, Al algorithms
enabk more accurate forecasting, optimized dispatch, and predictive maintenance. This allows the
system to anticipate fluctuations, detect anomalies, and adjust in real time, ensuring that advanced
metering infrastructure, automated demand response, distrililiEnergy resource management, and
dynamic line rating operate at their highest efficiency. In this way, Al acts as the core enabler that ties
together smart grid technologies, facilitating more resilient, adaptive, and intelligent power system
operation.

6.7.2 Hectricity markets

Electricity markets play a central role in ensuring the efficient and secure operation of the power sector.
By facilitating the competitive trading of electrical energy, these markets enable optimal resource
allocation, price discovergnd investment signals for generation, storage, and grid infrastructure. They
provide a platform for both traditional and renewable generators, as well as flexible resources such as
storage and demar@ide management, to participate in a cgsflective manner. Through spot markets,
forward contracts, and ancillary service markets, electricity markets help balance supply and demand in
real time, promote transparency, and foster Idtegm reliability and sustainability of the power system.

Currently, Jordawperates under a singlbuyer model, where NEPCO serves as the sole purchaser of all
electricity generated within the system. NEPCO procures electrical energy from both public and private
generation facilities, typically under lodgrm Power Purchase Aggments (PPAs), and resells it to
distribution companies or directly to edasers. In this role, NEPCO is responsible for generation planning,
ensuring the reliability of supply, and managing the dispatch of available units.

The singlébuyer model is comion in markets transitioning from fully regulated environments, providing

a centralized mechanism for risk management, investment planning, and the integration of new
generation technologies, such as renewables, while limiting exposure to market volfatilityoth
producers and consumers.
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The transition from a singlbuyer model to more developed electricity markets typically involves the
gradual introduction of competitive market mechanisms and institutional reforms. Under this approach,
the central purchaing role of the single buyer is progressively replaced by a framework that allows
multiple participants, including independent generators, retailers, and large consumers, to trade
electricity through competitive platforms such as spot markets, forwardreshmarkets, and ancillary
service markets. This evolution aims to foster efficiency, transparency, and innovation in the sector by
providing price signals that encourage c@ffiective generation and investment. It also facilitates the
integration of renewable energy resources and advanced technologies, such as energy storage and
demand&ide management, while maintaining reliability and security of supply. Making this transition
work well takes solid regulations, strong market institutions, and a gtidihQa NBI R& G2 KI yR
dynamic and diverse mix of energy sources.

It is planned to introduce bilateral trading in the Jordanian power system as an initial step towards
transitioning from the singléuyer model. In general, the core structure of thasting market will be
preserved. Most generators will continue to supply electricity to NEPCO undetdongPPAs, and
consumers will still be served by the distribution companies or NEPCO, depending on their connection.

The main change will be the ingtaction of direct bilateral agreements between new generators and new
consumers,complementing themrather than replacing the current market structure. The following
applies to the arrangements shown in the next Figure:

The new segment will be limited ttew generation and new loads, regardless of legal entity
(unlike the current seyeneration scheme).

An annual cap will be introduced to manage the expansion of this segment, especially for
intermittent renewables, and new renewable projects willleguired to include cdocated
storage.

New generators will be subject to an aggregate capacity limit per project to promote
competition.

Like existing wheeling arrangements, bilateral parties will pay regulated network and balancing

tariffs.

Toreducetak F¥ RAAG2NIA2Y YR YIylF3S tAljdZARAGE NRAT:
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crosubsidies for existing large consumers.
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Figure100: Outline of possible initial bilateral contracts
In the development of the bilateral market in Jordan, the following considerations should be addressed:

Limit bilateral agreements to new generation, while making them available to both existing and
new eligible consumers to ensure fairness and prevent discrimination.

Clearly define eligible consumer categories (e.g., industrial customers) and establish an initial
participation threshold based on installed capacity.

Introduce an annual cap aligned withet available new generation capacity and gradually reduce
the eligibility threshold over time as more generation becomes available.

Establish clear regulations and rules to define the responsibilities of all parties and minimize
balancing issues.
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7 Analyss and recommendations
7.1 Assessment with respect to the strategic pillars

The strategic pillars that drive the development of the energy system of Jordan are Reliability,
Affordability, Security, Sustainability, Accessibility, Maximizing the Use of Donfesimurces, and
Optimizing Renewable Energy.

Reliability

¢tKS NBfAFOAfAGE 2F W2NRIyQa LIR26SNI a2adisSYr dzyRSNA
operation, faces growing challenges due to the rising share of variable renewable energy and limited
regional interconnections. The system currerdfyerates with constrained flexibility, particularly under

high renewable penetration pathways. With Jordan targeting a 50% share of renewables by 2033,
ensuring system reliability requires a combination of grid enhancements, storage deployment, and
dynamt stability improvements. Due to low inertia during daytime PV peaks, the system is vulnerable to
disturbances, such as generator failures or interconnector outages, potentially leading to unacceptable
frequency deviations. To mitigate these risks, measuimcluding the deployment of synchronous
condensers, expansion of pumped hydro and battery storage, and minimum inertia thresholds must be
introduced. Previous studies and the current analysis show that technologies like the Mujib PHES and
synchronous cotkensers are effective in limiting the rate of change of frequency (RoCoF) and stabilizing
voltage under fault conditions. Nevertheless, because storage availability is not always guaranteed,
maintaining reliability will require further investments in rdahe system management and reserves.

Grid integration studies also emphasized the need for dynamic simulations across variouskhigh
operating conditions, leading to corrective actions such as tuning AVR settings and reinforcing grid
infrastructure.

Affordability

' FF2NRIO0AfAGE 2F SySNH@& Ay W2NRIYy NBYlFAya | 1Se@
historical reliance on imported fossil fuels and its impact on consumer prices.

The transition pathways outlined in thReferenceand Optimistic pathways aim to address this challenge
by shifting toward greater use of domestic energy resources and renewable generation.

In both pathways, the increase in natural gas production from the Risha field and the integration of large
scale enewable energy reduce exposure to volatile international energy markets, thereby contributing to
greater price stability.

The Optimistic Pathway, driven by strong economic growth and rapidly rising energy demand, combines
an accelerated rollout of renevide energy with higher upfront investment requirements, particularly for
generation and battery storage. However, these costs are offset over time by lower operational expenses
due to reduced fuel imports. Thus, despite the greater capital needs, the GptrRathway enhances
long-term affordability through structural cost reductions and reduced import dependence. Furthermore,
the expansion of local green hydrogen and ammonia producpdamarily for export in both pathways
creates additional revenue$iat can help balance overall system costs.

While shortterm affordability may be challenged by necessary infrastructure investments, both pathways
and particularly the Optimistic one, lead to more stable and sustainable energy costs over the long term.
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Searity
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of natural gas sources and greater reliance on domestic resources. In the Reference Pathway, import
dependency decreases frond% in 2025 td.0% by 2035, supported by expanded natural gas production
and steady renewable deployment, aiming for 40% renewable electricity production by 2035. In the
Optimistic Pathway, the reduction in import dependency is less pronounced, regzi¥itidpy 2035due

to substantially higher energy demand driven by stronger GDP growth, despite targeting 50% renewable
electricity production by 2033.

The country continues to import natural gas via ldagn contracts withEgypt andChevron. These
contracts, lasting until @33 and 2035 respectively, contribute to the stability of supply under both
pathways.LNG at Agaba remaimas a backup option for the wholetime horizon of the analysis
Complementing these imports, the exploitation of the Risha gas field is strategeepliynded, with
production increasing to 418 MMSCFD by20and 812 MMSCFD by 203&ereby reducing import
dependence and enhancing resilience. Additionally, the significant seadiraf renewable energy,
particularly solar PV and wind, boosts the shaféndigenous resources in electricity generation. In the
optimistic pathway, local resource utilization becomes dominant. Finally, the deployment of RES for the
production and export of green hydrogen substantially increases the share of local energgssou

Sustainability
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pathways, with a clear trajectory toward lower greenhouse gas emissions, expanded renewable energy
use, and stronger energy efficignaneasures. In both cases, natural gas continues to serve as a
transitional fuel, particularly in the industrial and power sectors, supporting a more gradual shift away
from imported oil products.

The Reference Pathway accelerates decarbonization by ekpamdtural gas production and steadily
scaling up renewables, aiming to reach a 40% share of electricity production from renewable sources by
2035. This pathway provides a balanced trajectory that strengthens energy security, reduces import
dependency, ad steadily lowers emissions while maintaining economic stability.

The Optimistic Pathway drives a faster transition by targeting 50% renewable electricity by 2033, enabled
by largescale deployment of solar PV and wind. It also integrates the developniegreen hydrogen

AYFNI a0GNUzZOGdzNBZ aA3dyAFAOLyGte SyKFEyOAy3d W2NRFEYyQA&
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sectors, which remain the fgest contributors. The shift from imported fossil fuels to domestic
renewables also minimizes environmental impacts linked to hydrocarbon extraction, transport, and
combustion. Meanwhile, energy efficiency measures across transport, residential, injusidaservice
sectors further curb demand growth and reinforce the sustainability of supply.

Taken together, the Reference Pathway supports a structured and steady decarbonization process, while
the Optimistic Pathway positions Jordan on a faster and naonditious trajectory toward longerm
environmental and economic sustainability.
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Accessibility
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pathways, with particular emphasis on expanding equéadccess to modern energy services across all
sectors. In both pathways, the electrification of ense sectorsincluding residential, commercial, and

transport, is supported by increased domestic energy production and infrastructure investments,
ensurirg a more stable and widespread energy supply.

Increased domestic natural gas production from the Risha field enables broader distribution of cleaner
fuels to industrial and urban consumers. The strategy also acknowledges the importance of price reforms,
shifting toward costreflective tariffs while safeguarding vulnerable consumers through targeted
subsidies, especially in the residential sector. This balanced approach supports both the financial viability
of the energy sector and the affordability of exggrfor lowerincome households.

Maximizing the Use of Domestic Resources

al EAYATAY3 (GKS dza8 2F R2YSaiGAO SySNHe NBazdNODSa A
in both theReferenceand Optimistic pathways through the intensified exploitation of local natural gas,

oil shale and renewable energy.

The expansion of production from the Risha gas field significantly reduces dependence on imported
natural gas, providing a stable and ceffective supply for power generation, industrial and
residential/commercial use. Simultaneously, the lasgale development of solar and wind resources in

both pathwayg OF LIAGEF f AT Sa 2y W2NRFIyQa KAIK &2f nihg A NNI RA
renewables as the backbone of future electricity generation. Qil shale continues to play a strategic role in
ensuring energy security, with the Attarat power plant (470 MW) already in operation and producing
electricity using direct combustion of dorstec shale deposits.

Looking beyond 2035, nuclear energy can be considered as ddongliversification option. Jordan
possesses substantial uranium resources, with confirmed reserves of about 4@8@® uranium oxide

6!'1 hk0 YR KI &atiozariSikng fild grojests thabughNhie Jordan Uranium Mining
Company (JUMCO). The Jordan Atomic Energy Commission (JAEC) has outlined a strategy to potentially
develop small modular reactors (SMRs) in the (#2885 horizon to complement renewables amet

growing electricity demand.

Optimizing Renewable Energy

The Reference Pathway, driven by moderate economic growth and lower overall energy demand, foresees
a steady expansion of renewable generation, reaching a 40% share of electricity producf68%y
Between 2025 and 2035, renewable capagitgws by more than .2 GW of solar P\of which400 MW

is distributed and an additional 30 MW of wind. his expansion is supported by the commissioning of

the Mujib Pumped Hydro Energy Storage (PHES) afahthe integration oflO0OMW of battery storage
systems with fowhour durationby 2028 and additional 200MW until 203%ogether, these measures
strengthen energy securigndensure rdiable renewable integration

The Optimistic Pathway accelerates thansition, targeting a 50% share of renewable electricity by 2033.

In this case, the renewable share in the power system rises fi@¥n i@ 2025 to approximatelys%o by

2035. Stronger economic growth in this pathway drives higher overall energy demaiuh wwhurn
requires a faster and larger deployment of renewable energy. Installed capacity for solar PV and wind
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expands significantly, with renewables representid3§b6 of total installed capacity by 2035. This growth
is supported by the deployment of ov8.9 GW of new utilityscale PV and.8 GW of wind projects,
complemented by an additionad00 MW of distributed PV. To minimize curtailment and maximize
utilization of variable renewable energy (VRE), the pathway also incorporates the Mujib PHESGA 2.
of battery storage with fouhour duration. These measures enable efficient dispatch of renewables,
displace fossil fuel generation, and reinforce the loaign sustainability of the energy system

In addition to the largescale RES deploymentforf SOGNA OAG& 3ISYSNI A2y s W2NRI
use of renewable energy includes tapping into thermal renewable technologies such as solar water
heaters and geothermal heat pumps. Solar water heaters are already widely adopted in the residential
sector and are increasingly used in commercial and service buildings, contributing to reduced electricity
and fuel consumption for water heating. Their expansion aligns with national targets to improve energy
efficiency and reduce peak demarbth pathways anticipate a growing role for geothermal heat pump
systems in commercial buildings for space heating and cooling. These systems offer high energy
performance and yearound efficiency by utilizing the stable underground temperatures. Combined with
the projected increase in electricity generation from renewables, these technologies support a broader
shift toward electrified, renewablkpased energy services. Their integration complements the overall
decarbonization strategy by reducing fossil fuel use id-ese sectors and contributing to a more
diversified and sustainable energy portfolio.

Taken together, the Reference Pathway provides a structured and reliable expansion of renewables, while
the Optimistic Pathway demonstrates the potential for a more dinbs transformation, accelerating
W2 NRFYyQa LINPINBaa (26 NR I Of SFYSNE Y2NB aSOdaNB |

7.2 SocieEconomical Pathway€omparison

This section presents a comparative analysis of the main social and economic indicators across both
pathways

From a social perspectiviie employment related tasenewableenergy installations in the power sector
differs significantly between the twpathways In theReference pathwatotal direct employmentue to
renewables for electricitgeneration amountsto 6,310 job-years in construction an836 permanent
O&M jobs, corresponding to the installation and maintenance of rooftop PV, tgdie PV, and wind
farms. Rooftop PV creates the largest number of jobs per MW because of its distributee, ryatuutility-
scale PV dominates total construction employment due to its higher capacity’shatied employment

is smaller in absolute terms but contributes a larger share ofteng O&M positiongFigurel01). When
renewables dedicated to green hydrogen are added, total job creation increases markedly38j20;
years during construction andi,7 O&M jobs. This more than triples the workforce demand compared
with power-sector renewables alone, illustrating the strda@orintensity of the planned hydrogen build
out under the baseline pathwayn the OptimisticPathway total direct employment generated by
renewable energy installations rises sharply compangth the Baseline case, reflecting both higher
overall investment volumes and the accelerated deployment of renewable and storage technologies
across power generatioffhe Pathwaycreatesl9,188job-years in construction and installation, together

% The employment factors for RES technologies were taken from “Updated employment factors and occupational shares for the
energy transition”, J. Rutovitz, R. Langdon, C. Briggs, F. Mey, E. Dominish, K. Nagrath, Renewable and Sustainable Energy Reviews,
Vol. 212, April 2025, available at https://www.sciencedirect.com/science/article/pii/S1364032125000127
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with 1,315 longterm O&M positions in the electricity generation sectoltility-scale PV accounts for
more than half of the construction employment1(272 job-years), followed by wind4(799 job-years)

and rooftop PV (1,756 jepears).Battery energy storageystems (BESS)d 1,362 job-years and77
permanent O&M jobs, indicating the growing importance of storage in managing higher shares of
renewables.When the renewable capacities dedicated to green hydrogen are included, total direct
employment expands to 48623 job-years during construction and Z2 O&M jobs. Overall, tle
OptimisticEMV GDP pathway yields6@% increase in constructiophase employment relative to the
Baseline and nearly doubles the number of permanent operational jobs.
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Figure101 Direct employment effect of RES in the power sector
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Figurel02 Direct employment effect of RES dedicated to electrolysers

163



From an economic perspective, Figure 103 illustrates the evolution of asstxiated with the power
sector. The analysis encompasses investment, fixed and variable operation and maintenance (O&M), and
fuel costs related to the planned expansions throughout the study period. The results are presented in
terms of the relative vaation of the electricity service cost over time, taking 100% as the reference value
corresponding to the first year of the analysis. In that base year, all pathways share the same cost level in
US$/MWh; therefore, only the reference scenario is shown @nfigure.
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As shown in the figure, only the reference scenario maintains a cost structure in the power sector that
keeps the equivalent cost of electricity close to the value obsemdle first year. This indicates that,
although there is no reduction in the service cost, there is also no significant increase over the study

period.

For the remaining scenarios, a decrease in the equivalent cost of electricity is observed, ranging fro
about 6.5% in Scenario II, nearly 8% in Scenario Ill, and reaching up to 11% in the optimistic scenario.

In conclusion, under any of the scenarios, the proposed strategy allows the equivalent cost of electricity
to be maintained at levelkke current canditions, with potential reductions of up to 11%, depending on
which pathway is ultimately implemented in the Kingdom.

7.3 Assessment of specific topics

Ly 2NRSNJ G2
sectorspecific dynamics that influence both supply and demand. Each subsector, oil, natural gas,
electricity, renewable energy beyond electricity, transport, and water, presents distinct challenges and
opportunities, which together determine the pace and feagibipf achieving national energy and climate

objectives. The following assessment summarises the current status, emerging trends, and strategic

LINE GARS | O2YLINBKSYaAdS OASyo

2F W2 NR
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considerations for each area, forming the basis for targeted recommendations and the identification of
Yy2 INGINBIAZ2yao

7.3.1 Oil sector

¢tKS 2Af aSO02N) O2yGAydzsSa (2 LIXle&  AAIYATFTAOFYy(d NP
country is highly dependent on imported crude oil and refined products. The planned refinery expansion

is expected to comendine around 2030, increasing the refining capacity to 73,000 bbl/day with a capital
investment ofUSD2 billion. This project is designed to enhance domestic supply security and reduce
import dependency on oil products, although the crude oil will stllénto be imported. Therefore, Jordan

will continue to face exposure to global oil price volatility, and the gradealrbonizationof the

economy suggests that demand for oil products will plateau towards 2035, particularly as electrification
expands irtransport and efficiency measures reduce consumption.

7.3.2 Natural gas sector

bl GdzNF £ 31 & A& GKS ol O1o2yS 2F W2NRIFyQa St SOGNKOA
imports, local production, and LNG delivered via Agaba. temg supply contracts up to 2035 underpin

GKS aSO0i2NNa adl oA teipidbrdoling éxiahded use/dd gas it yidudiried tal repfadea |
more expensive liquid fuels. Projects for city gas distribution networks in Amman and Zarga, supported

by private investmentwould reduce costs and emissions, although uptake in the residentidbrsex

constrained by infrastructure requirements and household conversion costs. Looking ahead, gas will play

a critical role, but diversification, preparation for hydrogen blending and increase contribution of
renewables in the power sector are increaginimportant to avoid locln.

7.3.3 Electricity sector

The electricity sector is undergoing a structural transformation, with renewable energy already playing a
significant role and further integration targeting 50% penetration by 2033 in the Optimistic Pata

40% by 2035 in the Reference Pathw@ystem integration challenges, including curtailment and limited
flexibility, should be addressed through storage solutions, and regulatory reforms. Distribution losses,
historically high compared to OECD benchteaare targeted to be reduced to 8% by 2035, strengthening
efficiency and financial sustainability. At the same time, matkeralizationand the introduction of
demandside management tools will align the sector with global best practice.

7.3.4 Other RES (@n-electricity)

Renewables beyond electricity, particularly solar water heaters, offer important opportunities. Solar
thermal is already present in more than ctlard of households, representing a significant contribution

to reduced electricity and LPGmeand for water heating. Biogas from municipal waste and wastewater
treatment is limited but holds potential for scaling, especially in urban centres. These resources contribute
directly to emissions reduction, and energy security, even though they renuéside the central power
sector.
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7.3.5 Transport sector

Transport is the largest final energy consumer and a major contributor to emissions. While oil products
remain dominant, rapid growth in-mobility and CNG fleet conversions is projected. Both pathways
project steady uptake of electric vehicles, supported by charging infrastructure and fiscal incentives.
Public transport electrification, including bus fleets in Amman and secondary cities, will further reduce oil
dependency and improve urban air quality. Ntmedess, achieving these outcomes requires sustained
policy support, investment in infrastructure, and behavioural change.

7.3.6 Water sector

The water sector is a major energy consumer, particularly for pumping, desalination, and treatment. The
integration of enewable energy into water pumping and desalination projects, alongside efficiency
upgrades in distribution networks, will be critical for reducing costs and emissions. The sector is thus both
a challenge, due to its rising energy intensity, and an opmitstu given the synergies between water
security and sustainable energy development.

7.4 Recommendations

{ SOSNIt OGA2ya aldlyR 2dzi Fa Wy2 NBINBIQ YSI adz2NBa
economic, environmental, and social benefits undi plausible pathways. These include

The continued deployment of renewable electricity to replace fossil fuels remains a central

St SYSyid 2F W2NRIyQa SYySNHE GNIyaAdGA2y -third N 6§ S38
of power generation, wh targets of 40% penetration by 2035 in the Reference Pathway and 50%
penetration by 2033 in the Optimistic Pathway. This further expansion of renewable electricity

will directly reduce import dependency, improve the balance of payments, and protect the
e2y2Ye FTNRBY 3Jf20Ff LINKROS @2t GAfAGRT 6KATS | fa
for clean energy. To ensure that these benefits are realized without compromising system
performance, it is recommended that a comprehensive, detailed pesygiem expansion study

be carried out. For the Optimistic Pathway, this study is essential and should cover multiple
scenarios of renewable penetration, including and exceeding the 50% target by 2033, to identify

the specific investments and operational maess required to maintain system flexibility,

security, and reliability. For the Reference Pathway, a similar assessment is necessary, particularly
after 2030, to determine the actions required to safeguard system performance as renewable
penetration increses.

The systematic reduction of electricity distribution losses to converge with international best
practice (8% by 2035 compared to current doubigit levels) offers a cotffective opportunity

to improve system efficiency. Lower losses translate into cedwgeneration requirements, lower
fuel imports, and improved financial sustainability for the sector. Investments in smart metering,
grid modernization and tighter performance standards for distribution equipment are critical
enablers of this outcome.

The expansion of solar water heating systems presents a mature and immediately scalable
solution for reducing residential and commercial demand for electricity and LPG. With more than
one-third of Jordanian households already equipped, scaling up adopticough targeted
incentives and awareness campaigns could deliver significant savings in peak load, reduce
household expenditure, and accelerate the achievement of national energy efficiency targets.
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The promotion of natural gas in industry to displace foitland diesel represents a pragmatic
bridging option. The switch to natural gas enhances industrial competitiveness by lowering energy
costs, while simultaneously delivering measurable reductions in local pollutants and greenhouse
gas emissions. Ongoinffarts to expand city gas networks in Amman and Zarqga, combined with
fiscal incentives for fuel switching, will determine the speed and scale of these benefits.

Strengthening anobility policies constitutes a robust pathway given thebemefits of reduced
emissions, improved urban air quality, and enhanced energy security. Measures such as fiscal
incentives for electric vehicle purchases, investment in charging infrastructure, and the
electrification of public transport fleets will accelerate uptake. la thng term, these initiatives
contribute to diversifying final energy consumption away from imported oil products and align
transport development with global lowarbon mobility trends.

Green hydrogen production using dedicated renewable energy presemtspportunity to
SYKIFIyOS W2 NRI edianal g for§rgen hydrogert a |

Collectively, these ndl S INB G YSI ddzNB& AYLINRGS aSOdzaNARiGe 27F adz
trajectory with its climate commitments, regardless of future uncertamireglobal energy markets.
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8 Appendixes

8.1 Appendix l:Alternative Pathways

8.1.1

¢ 2

Introduction
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Pathwayll andPathwayllit are analyzed as part ttie planning process. Thepathwayexplore different
combinations of assumptions related to economic growtid sustainability policieselated to energy
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Figurel04: Overview of analysed pathways
Tablel6: Key attributes of analysed pathways
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Both pathways share common assumptions on population growth and household formation but differ in

their GDP growth projections. These socioeconomic drivers are critical for shaping future energy demand:

population growth determines residential consumption and infrastructure requirements, while GDP
growth influences industrial activity, transport demand, and overall energy intensity. The interaction of

GKS&asS TFI OG2N&

dzy RS NLIA y & t Edap to WiauReliabily afféryalilyEaad

sustainability in the years ahead.

Pathway llassumes EMV GDP growth, at 5.6% per year on average. It reflects a continuation of current
trends, with gradual improvements in energy efficiency and renewabérgy integration and it targets

40% renewable electricity generation by 2035.

Pathway Illassumes reference GDP growth, at a level of 3% until 2028 and 2.6% afterwards, consistent
with the assumptions used in the Electricity Masterplan (2024), targeibfh renewable electricity

generation by 2033 and it incorporates enhanced energy efficiency measures.

All other assumptions remain consistent with those used in the Reference and Optimistic Pathways.

8.1.2 Results for thePathwayll

This chapter presents thesults ofPathwaylll, an ambitious pathway targeting 50% of electricity
production from renewable sources, driven t@ferenceGDP growth

8.1.2.1 Final Energy Consumption

P

a e

The following graphs and tables present the estimated final energy consumption by sector and fuel type
for the period 20252035, illustrating how various fuels are utilized across different sectdratimwayil.
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Figurel05: Find energy consumption per sector for the period 2020935
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Final energy consumtion per fuel
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Figurel06: Final energy consumption per fuel for the period 2062835
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Figurel07: Final energy consumption in the industrial sector for tperiod 20252035
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Final energy consumption in residential sector
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Figure108: Final energy consumption in the residential sector for the period 26285
Final energy consumption in commercial, service and public sector
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Figure109: Final energy consumption in the commercial, service and public sector for the pe2@52035

171



Final energy consumption in agricultural and water sector
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FigurellQ: Final energy consumption in the agricultural and water sector for the period 22235
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Figurelll Final energy consumption in transport sector for the period 262835
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8.1.2.2 Primary Emrgy

The expansion of renewable energy for electricity generation and for hydrogen and ammonia production,

023SGKSNI gAGK AYONBIF&aSR R2YSadA0O 2 dzi Lz
overall energy landscape.
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Figurel12 Primary energy production for the period 2025035
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Primary energy supply by fuel
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Figure113 Primary energy supply by fuel for the period 202835
8.1.2.3 Energy import and export

Energy imports are expected to reduce, while enegggorts are anticipated to increase, due to higher
domestic natural gas production, the projected export of hydrogen and ammonia, and the increased
penetration of renewable energy.

Driven by increased production from the Risha gas field, the expansiogdobden and ammonia
production, and a substantial rise in renewable energy generation, energy import dependency is projected
to decline significantly, from 76.3% in 2025 to as low as 5.3% by 2035.
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Energy import
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Figurell4: Energy import for tle period 20252035
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Figurell5: Energy export for the period 2028035
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Energy import dependency
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Figurell16: Energy inport dependency
8.1.2.4 Electricity sector

Optimistic Pathway is developed with a target to reach 50% electpegguction from renewables in
2033. Such scenario requires much more flexible power system which can be achieved with large
implementation of energy storage.

Overnight investment costs are high in the Optimistic Pathway due to the need for greater thstalle
renewable capacity to generate the same amount of electricity, along with the additional deployment of
battery storage systems to ensure security of supply and minimize curtailment of solar power plants
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Power plants installed capacity
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Overnight invesments in the power sector
1800
1600
=
1200
2 1000 .
2 B ]
c 800 -
= 600 N =
S
400
1 [
2025 2026 2027 @ 2028 2029 2030 2031 2032 2033 2034 2035
mBESS 0 0 0 79 94 142 160 161 162 143 123
m PHES 0 0 0 0 0 582 0 0 0 0 0
m Biomass/Biogas 0 0 0 0 0 0 0 0 0 158 30
PV Distribution 47 47 44 42 44 40 39 42 41 43 45
PV Transmission 186 18 186 260 353 534 367 362 357 317 278
m Wind 0 0 0 0 0 0 385 382 379 314 249
m Natural Gas 0 0 953 317 258 0 0 83 65 603 0

Figurel18 Overnight investment costs in the power system in the period 26285
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Figure121: Indicators for RES penetration in the peri@)252035
8.1.2.5 Disbursement Plan

The next figurepresent, respectively, the estimated annual investment for the generation system, broken
down by technology type, and the estimated investment in both generation and transmission for the
ReferencePathway. Fothis Pathway the average annual investment requirement amounts to 88®
million, of which USDB29million per year would be allocated to generation expansion, and the remaining
USD79 million per year would be directed toward the expansion and upgradinthe transmission
system.
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GENERATION DISBURSEMENT PLAN
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Figure123 Generation and Transmission Disbursement Pl&aihway!l)
8.1.2.6 GHG emissions

Detailed sectoral and aggregaBHG emission results are shown in the subsequent graphs and tables.
The electricity and transport sectors remain the primary contributors to GHG emissions.
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Figurel24: CO2 emissions by sector in the period 262835
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Figurel25 CO2 equivalent emissions by sector in the period 22285

8.1.3 Results for thePathwaylll
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This chapter presents the results of Pathway Ill, which reflects a scenario of ambitious economic growth
and targets 40% renewable elecity generation by 2035
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8.1.3.1 Final Energy Consumption

The following graphs and tables present the estimated final energy consumption by sector and fuel type
for the period 202582035, further illustrating the distribution of fuel use across various sectorsrhée
Pathwaylll.
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Figurel26: Final energy consumption per sector for the period 262635
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Final energy consumtion per fuel
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Figurel27: Final energy consumption per fuel for the period 202835
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Figurel28 Final energy consumption in the industrial sector for the period 202835
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Figurel29 Final energy consumption in the residential sector for the period 26255
Final energy consumption in commercial, service and public sector
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Figure130: Final energy consumption ithe commercial, service and public sector for the period 202335
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Final energy consumption in agricultural and water sector
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Figure131 Final energy consumption in the agricultural and water sector for the period 2@2R35

Final energy consumption in transport sector
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Figure132 Final energy consumptioin transport sector for the period 2022035
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8.1.3.2 Primary Energy

Due to the anticipated increase in natural gas production from the Risha gas field, a significant rise in
primary energy production is expected over the next decade. Additionally, the-daaieintegration of
renewable energy into the power system as well as its use in green hydrogen and ammonia production
will further contribute to the overall growth in primary energy output

Primary Energy Production
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Figure133 Primary energy productioffor the period 20252035
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Primary energy supply by fuel

23000
18000 l I I
13000 - [
m B
S 8000
X
3000
-2000
2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Hydrogen 0 0 0 0 0 24 -306 -588 -869 -1151 -1433
mRES 881 954 1012 1062 1278 1552 2056 2583 3170 3741 4350
Electricity 5 15 15 13 15 15 14 14 14 14 14
m Natural Gas 3269 3613 4438 5089 5514 6530 7357 8125 8632 8953 9220
= Oil Shale 888 888 888 888 888 888 888 888 888 888 888
mOil and Oil Products 4600 4598 4491 4558 4682 4300 4454 4634 4870 5046 5236
m Coal 69 65 56 49 34 16 17 17 17 17 17

Figurel34: Primary energy supply by fuel for the period 202935

8.1.3.3 Energy import and export

Increased domestic gas production, coupled with the expansion of hydrogen and ammonia industries and
asignificg G NAAS Ay NByYySglofS SySNHE 3ISYySNIriA2y:Z SyKly
energy import dependency is projected to decline sharply from 76.3% in 2025 to 28.6% by 2035,
representing a major step toward greater ssiffficiency and resénce in the energy sector
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Figurel36: Energy export for the period 2028035
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Energy import dependency
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Figurel37: Energy mport dependency
8.1.3.4 Electricity sector

The electricity sector is well diversified, relying on a mix of energy sources for power generation. In
Pathway II, electricity production is expected to be primarily based on natural gas, supplemented by an
increasing share of renewablenergy, particularly from solar power plants. Renewable generation is
projected to reach approximately 40% of total electricity production by 2035.

Overnight investment costs reflect a primary focus on natural gas power plants, alongside substantial
investments in solar power and the PHES Muijib project, which is crucial for enhancing system flexibility
and supporting greater renewable integration. Additional renewable deployment after 2030 is facilitated
by the deployment of battery energy storage systems
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Power plants installed capacity
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Figurel38: Installed capacity per type of power plants in the period 262835
Overnight invesments in the power sector
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Figurel39: Overnight investment costs in the power system in the period 26285
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Figurel40: Share of the installed capacity per type of power plants in 2025, 2030, 2033 and 2035
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RES indicators
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Figure142 Indicators for RES penetration in the period 262835
8.1.3.5 Disbursement Plan

The next figureshow, respectively, the estimated annual investment for the generation system, broken
down by technology type, and the estimated investment in both generation anwstnégssion for the
Optimistic Pathway. For this scenario, the average annual investment requirement amounts 1d 625D
million, of which USL049 million per year would be allocated to generation expansion, and the
remaining USOL13 million per year wouldbe directed toward the expansion and upgrading of the
transmission system.
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GENERATION DISBURSEMENT PLAN
(Scenario Ill)
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Figure143 Generation Disbursement Plan (Pathwéy)
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Figurel44: Generation and Transmission Disbursement Plan (PathWBy
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8.1.3.6 GHG emissions

The higher penetration of renewables, along with increased adoption of electric vehicles, leads to a
substantial reduction in GHG emissions in Behwaylll. Sectorspecific and total emission outcomes
are presented in the followingraphs and tables.

CO2 emissions per sector
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Figure1l45 CO2 emissions by sector in the period 262835

CO2 equivalent emissions per sector
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Figurel46: CO2 equivalent emissions by sector in the period 22285
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8.1.4 Power System Analysis

Renewable energy sourcgsrticularly photovoltaic and wind power, have presented new challenges for

power systems. The largeOF € S Ay iSIANF GA2Y 2F (KS&S &a2d2NOSa Aa
development vision, supporting the transition to a more sustainable andr@mvientally responsible
SySNHe adeaiSyod ! 1Se 202S0GA0GS 2F W2NRIYyAlLYy SySNHq
from renewable sources by the year 2033.

Due to the natural variability of solar and wind energy production, their intégmainto a power system

with respect to both, infrastructure management and control of energy flow in-tiead is a real

challenge. Furthermore, electricity demand will become less predictable and more variable due to the
electrification of transport andheat.

Connection requirements for renewable energy sources encompass the technical, operational, and
regulatory criteria established to enable the safe and efficient incorporation of these resources into the
transmission grid. The primary objective of tegequirements is to ensure the security of supply, as well

as the stability and reliability of the electrical system, while accommodating an increasing share of
renewable generation.

¢tKS NBfIGA@Ste avlft &AT S 27T inarBoNdRdtiohwith iRigBdbidgNA O A ( @
countries mean that the shift towards an energy mix with a high share of renewable generation must be
carefully planned and implemented, with due consideration given to potential dynamic constraints.

The dynamic behavioof a power system refers to how the electrical network responds over time to
disturbances, changes in load, or system faults. It involves the study of transient, oscillatory, and steady
state responses to such events to ensure stability of the power syste

In the case of noisynchronous generation (such as photovoltaics and wind), the following characteristics
must be taken into consideration:

Variability of power generation;

Impact on frequency management and balancing requirements;

Impact on voltage andeactive power management;

Reduction of system inertia;

Variability of shorcircuit currents;

Geographic distribution of renewable generation across different locations;
Changes in electrical flow patterns.

A comprehensive analysis is required to endbéesafe integration of renewable energy sources into the
power system, while maintaining a high level of security of supply.

The steady state and dynamic stability analyses of the power system were conducted as part of the
O2YLINBKSYy aA@dsS gtk SRIYfar RéendwdileREndrgy SoSrces in the Jordanian Electricity
{eaiGSYé¢dx OFNNASR 2dzi o0& 9ftAlF DNAR LYGSNYylFraGaAz2yLFt o
The results of this study serve as the foundation for the parameterization of the TIMES model, with a
particular focus on the 3% renewable energy scenario.
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The hourly dispatch and unit commitment of generating units were performed by the DAI technical team,
and these results formed the basis for the minimum inertia analysis conducted for the year 2033, when a
50% share of renewdd generation was anticipated.

8.1.4.1 Stochastic Dual Dynamic Programming (SDDP) Analysis for Power Sector in 2033

As Jordan continues to increase the share of renewable energy in its power mix while ensuring security
of supply and coseffectiveness, Stochastidual Dynamic Programming (SDDP) tools offer a valuable
approach for longerm and mediumterm electricity system planning under uncertainty.

W2NRIyQa LIR2gSNI aeaidsSy F1L0Sa aSOSNIt OKLHEfSy3asay
High reliance on imported fuels;
Growing penetration of variableenewable energy (solar and wind);
Watercenergy nexus concerns linked to desalination;
Pumped hydro and battery storages;
Limited interconnection capacity with neighboring countries.

Given these conditions, SDDP tools areseiled to model and optimiz&/2 NRI y Q& L}2 6 SNJ ae a
uncertainty.

In Jordan, where the electricity sector is evolving to accommodate a higher share of solar and wind
energy, annual hourly dispatch modeling using SDDP plays a crucial role in capturing the operational
dynamics ofthe power system.

By integrating stochastic inputs (e.g., solar irradiation, wind speeds), SDDP determines the most
economical way to dispatch thermal units and energy storages on an hourly basis. SDDP helps quantify
expected curtailment levels and requitereserves to maintain system reliability while maximizing
renewable energy usage.

An SDD®ased analysis was conducted by the DAI technical team for the year 2033, incorporating the
following assumptions:

50% renewable energy share;

Operation of the Mujitpumped hydro energy storage (PHES);

Deployment of battery storage sized at 0.25 MW per 1 MW of new VRE after 2027,
Increased demand due to data centers and crypto mining;

Oil shale power plants treated as musin units due to technical constraints.

TheSDDP analysis demonstrates that reaching 50% renewable electricity production requires a significant
amount of energy storage capacity, as it is the only viable option to enhance system flexibility without
depending on regional interconnections.

In addition to PHES Mujib, the SDDP analysis indicates that an additional 1,500 MW of energy storage
with a 4hour duration is required to reduce unserved energy to zero. Even with this level of storage,
annual curtailment of renewable energy is still expected t&creapproximately 283 GWh in 2033.

196



The results of this modelling provided detailed hourly dispatch data, which served as the foundation for
assessing minimum system inertia and supporting broader planning decisions.

8.142hdzi O2YSa 27
9

KS & Suxy for RefeNablR Enkergy(S8uRcaElinittie 2 v
W2 NRI YA Y ¥

u
f SOUNROAGE {e2aidsSyé
¢KS LINRP2SO0G GDNAR LydSaINraGAz2y {GdzReée FT2N wSySsl of §
aims to define a longerm grid development strategy for the Jordanian power sgstto enable the
integration of an increased share of renewable energy generation capacity by 2030. This initiative builds
dzLl2y GKS SIFENIASNI LINP2SOG a9adGloftAakKYSyd 2F | DNXR
{eaidSYyszé¢ T2 Odascendiosand aliBng te ikvgsimerit inodel implemented in PLEXOS
with the grid model implemented iRower FactoryThe work is further supplemented by comprehensive
steadystate and dynamic analyses.

Operational Cases and Scenarios for the Jordaniarcté®ty System

The analyses were conducted acr@sdifferent operational cases:
Maximum Gross Load,
Maximum Net Load (Gross LoaRES Infeed);
Minimum Gross Load,;
Minimum Net Load;
Maximum RES Infeed in absolute terms (i.e., in MW);
Maximum RES Infeed relative terms (i.e., as a percentage of gross load);
Minimum Inertia;
High RES and High Load;
High RES and Low Load.
These analyses were performed for three scenarios
Baseline scenario: 31% RES (+a new CCGT)
Scenario I: 50% RES + new CCGT
Scenaridl: 50% RES + pumped hydro
The 50% RES scenarios incorporate the following developments:
Additional growth in distributed PV of 279 MW in comparison to the 31% RES scenario
Five new utility PV plants with a total capacity of 975 MW
Three new wind farms wita total capacity of 460 MW
A hydropower plant (King Talal) with an 18 MW capacity
A biogas power plant (Ghabawi) with a 7 MW capacity.
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Moreover, the investment model implemented in PLEXOS identified the addition of a 60 MW / 2h
battery energy storage siem (BESS) as yielding a positive dmstefit outcome for the 50% RES +
pumped hydro scenario.

Steadystate analysis; main outcomes

The investments identified through the steadtate analysis are necessary to enable the optimal power
dispatch defined byhe PLEXOS model, while ensuring compliance with t#iesMcurity criterion in
relation to the thermal limits of transmission lines, cables, and transformers, as well as the statutory
voltage limits specified in the Jordanian Grid Code.

¢ KS & O2 LInSdel repdesknis $ué idealized case with no transmission constraints (i.e., infinite
transfer capacity), but still incorporates system and economic constraints, such as reserve requirements
andtakeor-LJ- @ FdzSt O2y (i N) Ol &ad ¢ KberdaliibksinentsddBriffedas B Tt SO ¢
beneficial by thePlexusnodel have been implemented.

¢tKS om: w9{ &aOSyl NAZBJzANB INSIOYVEEI I AViodBAPGRBAWSYSsHI 0
I 002 dzy i F2NJ I LILINE EA Y| (eléctrigity demahgifr200F W2 NRI y Q& | yy dz
In the 50% RES + CCGT scenario, RES penetration reaches 44.7%; however, this value decreases to 38.3%
of annual demand when grid constraints are taken into account. RES curtailment occurs mainly due to

system and economic limiti@ns, representing 18.8% of available RES generation in the copper plate
model and 20.4% in the gritbnstrained model.

In comparison, the inclusion of the Mujib Pumpldgidro Storage (PHS) unit instead of a new CCGT plant
improves RES integration. In te&se, RES generation covers 49.7% of annual demand in the copper plate
model and 47.9% when grid constraints are considered. RES curtailment is approximately 10%, with the
majority caused by system and economic constraints.

There are instances when RE&ayation is very high, presenting operational challenges for the system.

In the 31% RES scenario, variable RES generation meets at least 80% of the load for 7.7% of the time. In
the 50% RES scenario, variable RES generation surpasses the load for m@@hainthe time, and
available RES generation meets or exceeds 80% of the load for over 30% of the time.

The following figures illustrate the percentage of annual load met by Renewable Energy Sources in each
scenario, as well as the annual RES curtailmmerdss the different scenarios.
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Figurel47. Annual RES penetration in different scenariés

B Copper Plate model  ® Grid model

25.00%

20.00%

15.00%

10.00%
5.00% I
0.00% . .

31% RES 50%+CCGT 50%+PHS

Annual RES curtailment (%)

Scenario
Figure148 Annual RES curtailment in different scenarids

The primary outcome of the steagytate analysiss the identification of necessary grid investments,
driven mainly by the anticipated increase in electrical demand by 2030. Most of these investments are
common across the examined scenarios, providing a robust and resilient pathway for the development of
the transmission grid.

The required grid reinforcements have been incorporated into the Electricity Sector Master Plan for the
period 20282035.

An important finding is that the Jordanian power system is expected to experience significant load
variationswithin a 12hour period, particularly from December to February. These variations will present
I OKFffSy3asS T2 NdtateKdhtage avrtrdl, hacessitatiaginie Reguent adjustments to
reactive power compensation equipment.

26 Source: Grid Integration Study for Renewable Energy Sources in the Jordanian Electricity System
27 Source: Grid Integration Study for Renewable Energy Sources in the Jordanian Electricity System
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The harmonic analysindicated that a significant number of transmission nodes may experience
unacceptable levels of harmonic distortion by 2030. However, further investigation is required before
drawing definitive conclusions. This should include more detailed data orattmedmic injection profiles
of individual RES plants and major loads (e.g., large industrial facilities), as well as a more accurate
representation of the frequenecgependent impedance characteristics of transmission lines and
transformers.

Dynamic analysig main outcomes

The dynamic report aims to assess the challenges associated with the dynamic operation of the system
across different levels of renewable energy integration, as defined by the three scenarios considered.
Through a comprehensive analysiscdfical operating modes, the study seeks to identify and propose
optimal network measures that address these dynamic issues, while preserving the targeted levels of RES
generation. The objectives of the study are defined as follows:
Evaluate thedynamig i 6 Af A& 2F (KS aeaiaSy Ay I O0O2NRIyOS
criteria, including:
o Frequency stability
o Rotorangle stability
o Dynamic voltage stability

Propose coseffective mitigation measures for the identified dynamic constraints and
demonstiate their effectiveness.

)
Dynamic
analysis
—
v \
( ) Dynamic
Frequency Rotor angle voltage
stability stability stability
% | v
__________ E P
Outage Three phase short circuit

Generator outage 3Ph-SC at start and end points of a line
* Loss of largest unit followed by line outage

* 400KV lines
» 132kV lines

Load outage
+ Loss of largest load

Figure149 Summary of Dynamic Analysis (source: Grid Integration Study for Renewable Energy Sources in the Jordanian
Electricity System)

I O0O2NRAyYy3If&s I O2YLINBKSyaArAg@dS |aasSaavySyid 2F GKS W
including transient, frequency, and voltage behavior, was conducted for three distinct RES integration
scenarios across a selected set of critical operatorglitions. These operating modes were chosen to

capture those instances where the system is expected to experience its highest dynamic stresses following
specific disturbances and contingencies. Prior to conducting the analyses, the network model was
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initialized for dynamic simulations, allowing for the identification and correction of any deficiencies within
the model.

C2NJ GKS om: w
2¥ MpyT a2z |y

SYINA2Z (KS ééé(]év f2FR A& LINR2!
wwy d2 © * BSWI dR A
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R §2 aUGNROdzI SR t =
YAYAYdzy f2FR Ay d0SYlFNR2 RSONBIFasSa FdzNIKSNJI
C2NJ 0KS prms> wo{ OSYIFINAR2az (GKS adeaidSy t2IR A& LINP

Mcdodp a2z FyR | YOMQf)detQECDI PIEBNY AG2 PFARSNAY I GKS RA&GN
f2FR aAYAfINI& RSONBIFIaSa (2 ¢pyy a2d bzdlofesx IfidK
PV capacity, this is counterbalanced by a higher overall demand, resulting in thersaimem load at

the transmission level as in the 31% RES scenario.

To assess frequency stability, the outages of the largest generating units in each operating mode were
simulated, along with the loss of the highest load levels for specific cases: Max@mss Load and
Minimum Gross Load for the 31% RES scenario, Maximum Net Load and Minimum Net Load for the 50%
RES CCGT scenario, and Maximum Net Load, Maximum RES Infeed (as a percentage), Minimum Net Load,
and Minimum Inertia for the 50% RES PHS scenario

To evaluate transient and voltage stability, thaelease faults were simulated at both ends of all 400 kV

YR MoH 1+ fAySaszs F2t{t26SR 08 (G(KS RAaO2yySOiAZ2Yy :
stability was assessed based on three cidtefirst, by verifying that generators remained synchronized

with the grid under fault conditions (rotor angle stability), second, by analyzing the damping of
electromechanical oscillations to confirm that the system possessed adequate damping torqtidrénd

by assessing the recovery of voltage at the terminals of connected renewable energy sources following a

fault, to evaluate the dynamic voltage stability of the system.

A comprehensive examination of the aforementioned faults across a range oftimgecanditions was

conducted to assess the smalgnal stability of the system. Smasifjnal stability is a critical aspect of

power system dynamics, as it evaluates the ability of the system and its components to dampen
oscillations following disturbalca @ . & 'yl f el Ay3d (KEKEISBG FYAdA (NS 2102 yia
FYR nnn 1+ tAySas ¥F2tf26SR 0 esignalknStabNty wefie dderdifiéd/ S O G A 2
facilitating the formulation of appropriate mitigation measures.

System sthility issues were identified across all three scenarios, arising from multiple factors:

Inappropriate settings of certain Automatic Voltage Regulator (AVR) parameters on specific
generators within the system.

Insufficient system inertia (kinetic energyelto the limited number of connected synchronous
generators, resulting in reduced support for voltage stability.

Inadequate reserve margins during isolated system operation, particularly in the absence of the
Egypt interconnection.
AVRrelated issues werglentified across all scenarios and addressed by proposing targeted adjustments
to specific AVR control parameters, based on a thorough technical assessment. In addition, the rotor angle
stability analysis for the 50% RES scenarios revealed furtheredefes in the AVR settings, which were
subsequently corrected and implemented in the final models.
CKS AYyAGAIE FaaSaavYSyd AYyRAOFGSR GKFGX dzyRSNJ GKS
insufficient for fault events associated with the ladthe Egypt interconnector, particularly in |dwertia
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operating conditions. This limitation was observed in the Minimum Net Load, High RES/Low Load, and
Maximum RES Infeed (MW) operational regimes.

When a thre@bhase short circuit occurs near the Epyipterconnector, the electrical output of
synchronous units decreases sharply while their mechanical input remains constant. As a result, the
surplus mechanical energy is stored as rotational kinetic energy, causing the synchronous units to
accelerate. Té lowZnertia nature of the system intensifies this phenomenon. In the Hastt period,
F2tft26Ay3 RAAO2YyYSOGAZ2Y 2F (KS AyGSNDO2yySOG2NE @K
on the limited inertia of the connected synchronous unitsgkimg recovery more challenging and the

system more sensitive to instability.

¢2 YAGAILGS (GKSaS AaadzSa yR SyKI dnéréacanditdns)yiie i ¢ 2 NJ Q
installation of synchronous condensers is proposed, providing additionational inertia, improved

damping of electromechanical oscillations, and enhanced dynamic voltage support.

C2NJ GKS pm> w9{ // D¢ &OSYFINAR2Z | G2GFrt 2F wHunn a:
necessary to address transient stability issues fahg faults and the loss of the interconnector to Egypt.
Ly GKS pm: wo9{ tlI{ aOSyIrNAR2z | G244t 2F wpn azx! 2

to improve system damping and ensure stable operation. It is important to note that the obseptiethl
AATAY3 O6H PR mMHp ax! NV Aa FSLraAaoftsS 2yfte | FG&SNI I LILN
storage units.

The analysis confirms that the system remains resilient to Low VoltageTRidagh (LVRT) and High
Voltage Ridelhrough (HVRNiolations across all examined fault scenarios and operational regimes,
underscoring the effectiveness of the investments and modifications implemented during the
steadytate analysis.

8.1.4.3 Minimum inertia assessment

Achieving the target of 50% renewable elgty generation in Jordan by 2033 will require a strengthened
transmission grid to enable smooth and reliable integration. At the same time, thedaege deployment

of renewables will result in periods with very high shares of renewable generatarnntgonly a limited
contribution from conventional generators.

Large conventional generators units provide inertia which is critical for the existing frequency control
process. Inverter based resources like solar/wind/storage do not inherently provid&ine

Lowering the minimum inertia requirement will reduce the number of conventional thermal units
required to remain online, thereby facilitating the integration of a higher share of renewable generation.
In this way, the energy that would have beproduced by these units can be replaced by available
renewable generation that would otherwise be curtailed

In an alternating current (AC) power system, the rotational speeds otgndected machines are linked

to the system frequency at their terminalBhe total mechanical inertia stored in these machines provides

a natural resistance to changes in their rotational speed, and, by extension, to fluctuations in the system
frequency. As a result, this inherent inertia is a critical parameter that undefpiasstable and
synchronized operation of modern power systems.
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Minimum inertia analysis was separately performed by DAI technical team in order to identify must run
generators in the Jordanian power system from the inertia point of view.

Annual average iartia values

The inertia values for each synchronous machine have been obtained from the DIgSilent model provided
by NEPCO and are presented in the table below.

Tablel7: Inertia values of synchronous generators

Generator Pn (MW) H (s) at Sn Generator Pn (MW) H (s) at Sn Generator Pn (MW)H (s) at Sn
AMME GT-1 130 4,00 King Talal Dam Hydro 18 571 SAMRA GT-1 100 3,70
AMME GT-2 130 1,59 Mujib Unit Temary 1 225 560 SAMRA GT-2 100 3,70
AMME STM 130 4,00 Mujib Unit Ternary 2 225 5,60 SAMRA GT-3 100 3,70
AQWA GT-11 110 6,80 New CC Gas GT-1 200 2,11 SAMRA GT-4 100 370
AQWA GT-12 110 6.80 New CC Gas GT-1 200 2,11 SAMRA GT-5 140 6.00
AQWA GT-13 110 6.80 New CC Gas GT-2 200 211 SAMRA GT-6 140 6,00
AQWA STM-10 180 6,17 New CC Gas GT-2 200 211 SAMRA GT-7 1565 6,50
ATPS STM-3 130 6,00 New CC Gas STM-1 200 4,00 SAMRA STM-1 100 483
ATPS STM-4 130 6,00 New CC Gas STM-1 200 4,00 SAMRA STM-2 100 4,00
ATPS STM-5 130 6,00 QATRANA GT-1 130 211 SAMRA STM-3 140 6,50
ATTARAT STM-1 235 483 QATRANA GT-2 130 211 SAMRA STM-4 70 4,00
ATTARAT STM-2 235 483 QATRANA STM-1 130 4,00

Al Ghabawi Biogas 7 571 REHAB GT-12 84 4,83

IPP3 DG-GROUP-1 15 048 REHAB GT-13 84 483

IPP3 DG-GROUP-2 15 0,48 REHAB STM-1 80 550

IPP3 DG-GROUP-3 15 0.48 RESHA_N GT-4 30 5,71

IPP3 DG-GROUP-4 10 0,48 RESHA_N GT-5 30 6,32

IPP4 DG-GROUP-1 15 0,48

IPP4 DG-GROUP-2 15 0,48

Based on the market dispatch and unit commitment of generating units developed for the year 2033, and
utilizing the inertia data of each generator, a system inertia assessment was conducted for a critical
operational regime.
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Figure150: Annually average hourly values inertia and kinetic energy in the year 2033

The most critical conditions with regard to system inertia occur during the daytime, when PV generation
is at its highest and the overall system inertia is at itskevel.

RoCoF calculations

The oil shale thermal generators (2 x 235 MW) in the Attarat power plants are considered asimust
units due to their production process characteristics, which do not allow for rapid shutdown and restart.
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The IPP4 gas gendoa (243 MW) is also assumed to be in operation to provide voltage and stability
support, due the long length of its connecting line.

The following criteria have been used to identify the critical regime:

The operation of two oil shale thermal units@K S ! GG F NI 0 t 26SNI t f I
Hno a2 3l & dzyAdG 4G GKS Lttn t26SNItftFydadrT

Maximum infeed of renewable energy sources (RES).

yi OH

Maximum load of system (Inelastic demand plus electric vehicles)

There are more critical hours identified fortheyemwr@ o> I yR 2yS 2F (GKSY A& 2y a
the following data:

Table18 ¢ System data used for RoCoF calculations

Date 23/05/2033
Hour 16h
Load 4125 MW
Conventional generators Attarat: 2x235 MW
IPP4: 243MW
RESroduction 3548 MW
BESS -136 MW
Import/export from 0 MW
Egypt

Cases with the Mujib Pumped Hydro Storage (PHS) facility connected to and disconnected from the grid
have beeranalyzed In addition, the critical regime has been examined with sylochronous condensers
connected to the grid.

Two contingency events have been considered for the RoCoF calculations:
The loss of one generating unit at the Attarat Power Plant.
The disconnection of the interconnector to Egypt.

The RoCoF (Rate of Chang€dfiB lj dzSy Oe v f AYAG F2NJ 6KS W2NRFYALlLY
NEPCO.

QX
1N/

Case X PHS Muijib is not on the grid

The results of the calculations for the loss of one generating unit at the Attarat Power Plant and for the
outage of the interconnectoto Egypt are presented in the table below.

Table19: Results of calculations when PHS Mujib is not on the grid

Event 1- Outage of one generator in Event 2- Outage of interconnector to
Attarat Egypt
Hsys 1,811s 1,811s
RoCoF 0,643 Hz/s 0,656 Hz/s
Ekin 1926,56 MWs 1926,56 MWs
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Ekin/Loa
d

0,467

0,467

Although the outage of the interconnector to Egypt has a more severe impact on the system, the resulting
RoCoF values in both cases are very close to the permissible limiHZ3)/ As such, these conditions
cannot be considered secure for system operation.

Case Z; PHS Mujib is on the grid

The results of the calculations for the loss of one generating unit at the Attarat Power Plant and for the
outage of the interconnector t&gypt are presented in the table below.

Table20: Results of calculations when PHS Mujib is not on the grid

Event 1- Outage of one generator in Event 2- Outage of interconnector to
Attarat Egypt
Hsys 2,608 s 2,608 s
RoCoF 0,449 Hz/s 0,477 Hzl/s
Ekin 2376,566 MWs 2376,566 MWs
Ek'”/ Loa 0,576 0,576
2A0K GKS t1{ adz2Ao O2yySOGSR (2 GKS INARTI w2/ 2C O

positive contribution to system stability.

However, as PHS Mujib may radtvays be available (e.g., when the reservoir is full), it will be necessary
to implement additional measures to ensure the required dynamic stability of the system.

Case I With synchronous condensers and PHS Mujib not on the grid

The results of the caltations for the loss of one generating unit at the Attarat Power Plant and for the
outage of the interconnector to Egypt are presented in the table below.

Table21: Results of calculations with included synchronous condensers a8 RIujib not on the grid

Event 1- Outage of one generator in Event 2- Outage of interconnector to
Attarat Egypt
Hsys 2,299 s 2,299 s
RoCoF 0,499 Hz/s 0,501 Hz/s
Ekin 2176,56 MWs 2176,56 MWs
Ek'”/ Loa 0,528 0,528

Synchronous condensers play a crucial role in providing the necessary stability from an inertia perspective.
RoCoF values remain significantly beyond the defined limits, even when the PHS Mujib unit is
disconnected from the grid.
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Dynamic study performedybEGI also recommends the use of synchronous condensers to mitigate issues
related to smallsignal stability and the damping of oscillations within the power system, further

supporting the case for their installation.

The installation of synchronous condsams is essential to ensuoeerallstability and secure operation of
the grid, especially in scenarios with a high share of renewable energy generation.
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8.2 Appendix Il: Recommendations regarding energy statistics

During the analysis of data for the dewpiment of JESS several points have been identified in the
statistical data that are needed for energy systems analysis. The following sections offer some proposal
for mitigating the issues and improving significantly the data that is needed for the estajggy
analysis.

8.2.1 Energy StatisticMethodology Revision

Jordan should discontinue the use of thabstitution principlefor renewables in its national energy

balance because it diverges from the internationally accepted accounting methodologies established by

the International Energy Agency (IEA) and Eurostat, which both appihyisécal energy content method

Under thesubstitution method, renewable electricity from wind, solar, and hydro is reported as the
equivalent of the fossil fuel energy input that would have been required to generate the same electricity
output in a thermal power plantThis practice overstates ¢hcontribution of renewables in primary
SYySNHe& &adzllli ex 2060a0dzNBa | OQlidzh £t SySNBHeé& dzasS LJ GG SNy«
those of OECD and EU member countries.jdimed OECOEA EurostatEnergy Statistics Manutéland

UNQ Brergy Statistics Compilers Mantfdboth recommend using the physical energy content approach,
whereby renewable electricity is recorded at its actual outpaeasured in MWh converted directly to

ktoe orPJyather than an assumed avoided fossil input. Brani A 2 y Ay 3 G2 GKA& YSGK2R
reporting with international standards, improve transparency, and enable more accurate monitoring of

the contribution of renewable energy in the energy mix of the Kingdom.

I NRIFRYI LI F2N dzLJR balardce should/Belil wit)f &stablishiyigSaNdBdEcated technical
working group under MEMR, including EMRC, NEPCO, and the Department of Statistics, tasked with
revising the statistical methodology in coordination with IEA and Eurostat experts. The follteypiagse
proposed:

1 In the short term (202§2026), the group should prepare dual reporting tables, one using
substitution and one using the physical content method, to quantify the impact of the change and
train national statisticians.

1 In the medium term 2026;2027), once the physical energy content methodology is officially
adopted, MEMR should undertake a systematic recalibration of historical energy balance data to
ensure methodological consistency across time and comparability with IEA and Eurossatslata
This process should begin with identifying all series in whichstiiestitution principlewas
previously applied, mainly in the calculation of primary energy supply from renewable electricity
and derived indicators such as total primary energy sugpiport dependency, and renewable
energy shares. For each affected year, the values of renewable electricity expressed in primary
energy terms should be replaced by their actual output, converted using standard physical
conversion factors To maintain sitistical continuity, MEMR should produce bridging tables

28 https://www.oecd.org/content/dam/oecd/en/publications/reports/2004/11/energy-statistics-manual_g1gh4bd8/9789264033986-
en.pdf
2 https://unstats.un.org/unsd/energystats/methodology/documents/escm_2017850e.pdf
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showing the quantitative difference between the substitution and physical content series for each
year. These tables will allow analysts to understand the structural break and ensure that the
revisad balances can be used seamlessly in energy policy evaluation. Finally, MEMR should
document the full methodological revision in an updatddrdan Energy Statistics Manpal
providing metadata, conversion factors, and adjustment coefficients, so thataléfanergy and
climate reporting rests on a coherent and internationally harmonised statistical foundation.

1 In the long term (by 2030), the revised balances should be fully integrated into national GHG
inventories, the NEEAP monitoring framework, and thenitoring of the National Energy
Strategy, ensuring full alignment with IEA/Eurostat reporting formats and enabling international
0SYOKYFN]JAYy3 2F W2NRIyQa NBYySglofS SySNHe (N}y

8.2.2 Data Issueddentified during the development ofJESS and Suggested igétion
measures

The key points identified in the process of developing JESS and proposed mitigation measures are
presented in the following sections.

1) Detailed energy consumption by industrial sekector

Issue:The JESS process found that consumptida éa the industrial sector are aggregated at a high

f SOSt AGaAYRdzaONEB (G201 f¢ odzi 1+ O1 ONBIF{R2gya Ayiaz 7
steeletc). Without these breakdowns, it is difficult to analyse energy efficiency potentiatsshmark
performance, model demand, or target sectgpecific policies. This is a common data gap in many
O2dzy G NA SaQ ihSuytBetectritity Eosuiniptioh @afaPer subsector can be easily compiled,

the consumption of oil products and natumgas is a harder issue to be resolved.

Mitigation:

1 Collect existing administrative or compal@yel data and compile a benchmark sample covering
energyintensive subsectors.

f Construct a sectoral energyse survey or a specialized industrial energy congieompmodule,
targeting the top 80 % of energy use in industry.

1 Use proxies or engineering models to disaggregate aggregate industry data where direct
measurement is not feasihléor instance, allocate consumption proportionally based on value
added or production volumes, adjusted by known energy intensities from literature or
comparable countriedEA technical support is available for the development of this methodology.

1 Encouragedrge industrial facilities to report annual energy consumption by fuel type and process
use (heating, steam, motor drive, process heat) as part of environmental or energy regulation
frameworks.

1 Introduce confidentialityprotected data protocols so that imddual company data can feed into
the aggregate without disclosing sensitivities.

2) Dedicated survey of energy consumption by ende in the residential and services sectors
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Issue:For the residential and services (tertiary) sectors, existing data rmiedi to fuel consumption

totals per sector, but they doot provide a breakdown by endse.The latest energy use survey in these
sectors was performed more than ten years ago and therefore an update is imperative to capture changes
in consumption patters.

Mitigation:

1 Design and implement a residential & services energy use survey that collects data on appliance

stock, fuels used, and usage patterns.

71 In the service sector, include a stratified sample of office buildings, hotels, hospitals, schools,
retail, and public administration buildings, obtaining metered-soibsumption by end use where
possible.

1 Coordinate with utilities to secure anonymized metered datdth disaggregation where
available, e.g. via smart meterirgs a complement to the survey.

1 Periodically repeat the survey (e.g. every 5 years) to track changes in appliance penetration,

efficiency improvements, behavioural shifts, and technology adoption.

3) Additional Data Challengesonstraints and mitigation proposals

Beyond the core issuedave, JESS identified the following additional gaps:

Issue

Description / Relevance to Jordar

Mitigation / Action

Lack of integration
between energy and
economic / socie
demographic data

Energy use is not sufficiently linke
to building typology, household
income, spatial distribution, or
industrial production data in
Jordan. This limits crogmlicy
analysis (e.g. energyoverty,
energy efficiency uptake).

Integrate energy surveys with householg
socieeconomic surveys from the
Department of Statistics. UsgIS mapping
of building stock, land use, and
demographic data. Crodmk industrial
energy use with industrial census,
manufacturing statistics, and trade data

Confidentiality
concerns and data
sharing reluctance

Private firms or utilities may resist
sharing consumption data due to
competition or confidentiality
concerns.

Develop anonymization and aggregatior
protocolsand confidentiality clauses.

Guarantee that individusll S@St R
be publicly disclosed. Use aggregated o
sectorlevel reporting.

Resource constraint
(staffing, funding,
technical capacity)

Preparing surveys, calibrating

historical data, and maintaining
detailed datasets impose significg
institutional demands.

Seek donor or development partner
support Train local staff. Phase
implementation incrementally. Use opern
source tools and frameworks. Leverage
partnerships with universities and resea
institutes to assist data collection,
modelling, and analysis.
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8.2.3 Recommendatiorfor the National Energy Infanation System

Building on the findings from the JESS process and the ongoing work of MEMR to strengthen data
governance, the update of the National Energy Information System (NEIS) represents an opportunity to
institutionalize a modern, integrated, and érhationally compatible framework for energy data
collection, validation, and dissemination. Below are targeted recommendations that could be
incorporated in the current NEIS upgrade to address the key data issues identified and tepiutofe

W2 NR | efg statisficg architecture.

1. Introduce Sectoral and ERdse Granularity
The NEIS database structure should allow nuiftiensional disaggregation of final energy consumption:

f Industry: introduce subsector codes consistent with ISIC Rev. 4. Link éselctsu to data from
industrial surveysind emission reporting.

1 Residential and services: design data tables to captureused (space heating, cooling, lighting,
water heating, appliances, cooking). Include attributes for building typology, climate aode,
fuel mix.

T Transport: distinguish between passenger and freight modes, and between energy carriers.

2. Establish Automated Data Exchange and Integratimween institutions

Develop Application Programming Interfaces (APIs) or secureedat@ange prtmcols between MEMR,

EMRC, NEPCO, the three electricity distribution companies, JPRC, JREEEF, the Department of Statistics
(DoS), and the Ministry of Environment. This would enable automatic import of generation data, fuel
imports, refinery throughput, redcing manual entry and error risk. Harmonized data templates should
follow IEA/Eurostat energy balance structures.

A Data Coordination Committee chaired by MEMR and comprising these entities should meet quarterly
to validate updates, reconcile differences)d agree on metadata.

3. Integrate Survey and Metering Data

The NEIS should host and manage new energy consumption surveys (industrial, residential, and services)
as separate but linked modules. Survey instruments, metadata, and sampling weights skould b
embedded in the system to allow consistent periodic updates.

In parallel, link NEIS wigmart-metering systemsoperated by NEPCO and the distribution companies.
Where advanced metering infrastructure exists, anonymized load profilem{ifourly data)could feed

directly into the NEIS analytical layer to support demaitte management, storage planning, and
renewable integration analysis.

4. Integrate with Energy Efficiency and Renewable Energy Monitoring
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To support implementation of the Third NEEAB222026) andJESSNEIS should include dedicated
dashboards tracking:

1 Energy savings by measure, sector, and yeatr.
71 Installed renewable capacities by technology and location.
9 LYRAOIF(G2NAR &adzOK |a SySNHe AyGaSyairde o1i0G2Sknnn

1 Automated links between NEIS and JREEEF project databases would allow continuous
monitoring of energyefficiency investments and outcomes.

5. Develop Data Validation, and Quality Assurance Modules

Integrate builtin quality-control checksfor example, atomatic balance verification, range checks, and
FEF3IAYyI 2F 2dzift ASNARD® a9awQa adldradaoda GSHY akKz2dz
quality criteria) summarizing accuracy, timeliness, and coherence.

6. Establish UseFriendly Dashoards and Ope#Data Interfaces

A publiefacing Energy Data Portal can increase transparency and policy visibility. The interface should
allow visualization of energy flows, indicators, and time series in interactive dashboards, while protecting
sensitiveor confidential data. Open datasets can be exported in maeteadable formats. This will align
W2NRIYy Q& b9L{ 6A0GK AYUuSNYyraAz2ylf o06SadGd LINI} OGAOS oS
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8.3 Appendix II: Brief Description of the TIMES model gentra

TIMES (The Integrated MARKAL EFOM System) is an energy system model, which has been developed
over the past 30 years under the auspices of International Energy Agency (IEA) Energy Technology Systems
Analysis Programme (ETSAP) implementing agreement.

TIMES is bottorup technology rich optimization model. The use of this framework in more than 60
countries and 200 institutions attests to the success of the methodology and approach, and the relevant
insights gained from the application of the system. dldiion, the input and output can be implicitly

linked to Excel workbooks. This is a huge advantage in terms of setting up new scenarios and extracting
NBadzZ G§a Ay AGNBLR2NI NBFReé¢ F2NXI (o

The main policy targets that are usually examined in the analysiseoénergy system of the country
dictates certain characteristics for the model that should be used:

Analysis of energy efficiency measures: In order to analyse the potential for EE, identify the
sectors, analyse the alternatives and monitor theolementation, a bottom up, technology rich
model is needed that can capture the technology details.

Increased use of renewables for electricity generation in order to reach the policy targets: requires
a technology rich modeb take into account the vaability of energy production from renewables

on a daily and seasonal basis and an optimization approach in order to find the least cost
alternatives.

Effect of changes in prices (changes in tariff structure and removal of subsidies): requires a
technologyrich model in order to examine fuel switching through the economic appraisal of
alternative technologies and fuels, in the absence of data for drdss® R dzOG  LINA OS St | &
an econometric model would require.

An integrated approach to provide inpdor energy and environmental policy requiresm
engineeringeconomieenvironment model to examine to study the energy system as a whole.

These were the main reasons that lead to TIMES as the most appropriate tool to provide answers to policy
guestions that can help formulate the energy strategy of the country. Using an optimization model in a
Y2NXYIFGADBS Y2RSE YSIHya dzaAy3da GKS Y2RSE Ay 2NRSNI G2
to a number of given systemic and policy constraints. Thisagmbr produces solutions by mixing and

matching the available resources under all kinds of systemic and policy restrictions. The model can
generate insights about important interplays in the overall system that can be hard to see intuitively, let

alone quatify. These insights can be useful to guide the system under any kind of market. The scope of
GKS a0SYyFNA2 Y2RStftAy3 | LIINRIOK dzaAy3d Y2RSta Aa y
rational way in which the system should respond to défe policy and resource constraints and

therefore give information to the policy maker on the decision process of guiding the development of the
system. Furthermore, given the restrictions on indigenous energy resources, an optimization model is
consideral appropriate in order to examine the optimal combination of limited indigenous resources on

the supply side (oil, gas, renewable energy), imported energy sources (oil, coal, gas) and energy efficiency
options on the demand side.

TIMES (an acronym for Theegrated MARKAEFOM System) is an economic model generator for local,
national or multiregional energy systems, which provides a technology basis for estimating energy
dynamics over a lonterm, multi-period time horizon. It is usually applied tioe analysis of the entire
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energy sector, but may also be applied to study in detail single sectors (e.g. the electricity and district heat
sector).

Reference case estimates of ende energy service demands (e.g., car road travel; residential lighting;
steam heat requirements in the paper industry; etc.) are provided by the user. In addition, the user
provides estimates of the existing stock of energy related equipment in all sectors, and the characteristics
of available future technologies, as well asg#nt and future sources of primary energy supply and their
potentials.

Using these as inputs, the TIMES model aims to supply energy services at minimum global cost (more
accurately at minimum loss of surplus) by simultaneously making equipment invessmemtperation,

primary energy supply, and energy trade decisions, by region. For example, if there is an increase in
residential lighting energy service relative to the reference scenario (perhaps due to a decline in the cost
of residential lighting, or del to a different assumption on GDP growth), either existing generation
equipment must be used more intensively or newossibly more efficient equipment must be installed.

The choice is done by the model based on the analysis of the characteristitsroftive generation
technologies, on the economics of the energy supply, and on environmental criteria (expressed as costs
of GHG emissions). TIMES is thus a vertically integrated model of the entire extended energy system.

The scope of the model extendseyond purelyenergyoriented issues, to the representation of
environmental emissions, and perhaps materials, related to the energy system. In addition, the model is
suited to the analysis of energy environmental policies, which may be representedogithaay thanks

to the explicitness of the representation of technologies and fuels in all sectors.

The TIMES model is particularly suited to the exploration of possible energy futures based on contrasted
scenarios. Given the long horizons simulated witlHS, the scenario approach is really the only choice
(whereas for the shorter term, econometric methods provide useful projections). Scenarios, unlike
forecasts, do not prasuppose knowledge of the main drivers of the energy system. Instead, a scenario
conrsists of a set of coherent assumptions about the future trajectories of these drivers, leading to a
coherent organization of the system under study. A scenario builder must therefore carefully test the
assumptions made for internal coherence, via a creddbryline.

The TIMES energy economy is made up of producers and consumers of commodities such as energy
commodities, materials, energy services, and emissions. TIMES, like most equilibrium models, assume
competitive markets for all commodities. The rdssla supplydemand equilibrium that maximizes the
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perfectly competitive market assumptions by the introduction of udefined explicit constraintssuch

as limits to technological penetration, exogenous oil price, constraints on emissions, etc.

The TIMES energy economy consists of three types of entities:

Technologies (also called processes) are representations of physical devices that transform
commodities into other commodities. Processes may be primary sources of commodities (e.g.
mining processes, import processes), or transformation activities such as conversion plants that
produce electricity, energprocessing plants such as refineries, @38 demand devices such as
cars and heating systems, etc.,

Commodities consisting of energy commaodities, energy services, materials, monetary flows, and
emissions. A commaodity is generally produced by some process(es) and/or consumed by other
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Commodity flows, which are the links between processes and commodities. A flow is of the same
nature as a commodity but is attached to a particytaocess andepresents one input or one
output of that process.

It is helpful to picture theelationships among these various entities using a network diagram, referred to

as a Reference Energy System (RES). In TIMES, the RES processes are represented as boxes and

commodities as vertical lines. Commodity flows are represented as links betweeasprbboxes and
commodity lines. Using graph theory terminology, a RES is an oriented graph, where both the processes
and the commodities are the nodes of the graph. They are interconnected by the flows, which are the arcs
of the graph. Each arc (flow) isiented and links exactly one process node with one commodity node.
Such a graph is calledartite, since its set of nodes may be partitioned into two subsets and there are

no arcs directly linking two nodes in the same subset.
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Figurel51 Example of the Reference Energy System

Each technology is described in TIMESsbeyeraltechnical and economic parameters. Thus, each
technology is explicitly identified (given a uniqgue name) and distinguished from all others in the model. A
TIMES model may include several thousand technologies in all sectors of the energy system (energy
mining, conversion, processing, transmission, and-@s®k) in each region. Thus, TIMES is not only
technology explicit, but also rich as well. Furthermottee humber of technologies and their relative
topology may be changed at will, purely via data input specification, without the user ever having to
Y2RAFTE (GKS Y2RStQa Sldza dAz2yae ¢KS Y2RSt Aa (Kdz

TIMES computes a partial egoiilum on energy markets. This means that the model computes both the
flows of energy forms and materials as well as their prices, in such a way that, at the prices computed by
the model, the suppliers of energy produce exactly the amounts that the consuane willing to buy in

each region that is included in the model. This equilibrium feature is present at every stage of the energy
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system: primary energy forms, secondary energy forms, and energy services. A-drmpiyd
equilibrium model has as econocmiationale the maximization of the total surplus, defined as the sum of
suppliers and consumers surpluses. The mathematical method used to maximize the surplus must be
adapted to the particular mathematical properties of the model. In TIMES, these piepart as follows:

Outputs of a technology are linear functions of its inputs;
Total economic surplus is maximized over the entire horizon, and
Energy markets are competitive, with perfect foresight.

As a result of these assumptions the following addgiqgoroperties hold:

The market price of each commodity is equal to its marginal value in the overall energy system,
but marginal prices can be different per region and

Each economic agent (each consumer and each producer) maximizes its own prtlfityor

This Surplus Maximization objective is transformed into an equivalent Cost Minimization objective by
taking the negative of the surplus, and calling this the total system cost. The TIMES objective is therefore
to minimize the total cost of the sigm. All cost elements are appropriately discounted to a selected year.
While the TIMES constraints and variables are linked to a period, the components of the system cost are
expressed for each year of the horizon (and even for some years outside therfofiihis choice is meant

to provide a smoother, more realistic rendition of the stream of payments in the energy system. Each
year, the total cost includes the following elements:

Capital Costs incurred for investing into and/or dismantling processes;

Fixed and variable annual Operation and Maintenance (O&M) Costs, and other annual costs
occurring during the dismantling of technologies;

Costs incurred for exogenous imports and for domestic resource production;
Revenues from exogenous exports;
Delivery cots for required commodities consumed by processes;

TIMES then computes a total net present value of the stream of annual costs, discounted to a user selected
reference year. These discounted costs are then aggregated into a single total cost, whiclitesntbig
objective function to be minimized by the model in its equilibrium computation:

00w p Q DOOOOAY

where:

NPVis the net present value of the total cost (the TIMES objective function);

ANNCOST(yik the total annual cost in year y; which includes the annualized capital costs of investment
in new technologies, fixed and variable operation and maintenance cost, costs of imports of energy
products and costs for domestic resource production, reverfue® exports of energy commodities,

taxes and subsidies associated with energy commodity flows or investments, salvage value of processes
at the end of the model time horizon and environmental damage costs.
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dy: is the general discount rate for year vy;
RENR is the reference year for discounting;

YEARSSs the set of years for which there are costs, including all years in the horizon, plus past years
(before the initial period) if costs have been defined for past investments, plus a number of years after
end of the model horizon, where some investment and dismantling costs are still being incurred, as well
as the salvage value.

While minimizing total discounted cost the TIMES model must satisfy a large number of constraints (the
so-called equations of thanodel) which express the physical and logical relationships that must be

satisfied in order to properly depict the associated energy system. TIMES constraints are of several kinds.

If any constraint is not satisfied, the model is said to be infeasiblendition caused by a data error or
an overspecification of some requirement.

In addition to the standard TIMES constraints, the user interested in developing reference case projections
of energy markebehavior, typically introduces additional constrairttsexpress these special conditions.

For example, there may be a user defined constraint limiting investment in new nuclear capacity, or
dictating that a certain percentage of new electricity generation capacity must be powered by renewable
energy sourcesJser constraints may be employed across time periods.

In some cases, the linearity property of the TIMES model may become a drawback for the accurate
modelling of certain investment decisions. A characteristic example of this is the case of investments i
new power plants in which new capacity comes in certain block sizes only. Therefore, the size of an
electricity generation plant proposed by the model would have to conform to an implementable minimum
size (it would make no sense to decide to construc0aMW nuclear plant). Processes subject to
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constraint on an investment is impossible to formulate using standard LP constraints and variables. It
requires he introduction of integer variables in the formulation. The optimization problem resulting from
the introduction of integer variables into a Linear Program is called a Mixed Integer Program (MIP).
Although the formulation of lumpy investments loogsnply, it has a profound effect on the resulting
optimisation program. Indeed, MIP problems are far more difficult to solve than LPs and far more time
consuming. Using MIP rather than LP has an important impact on the interpretation of the TIMES shadow
prices.Once the optimal MIP solution has been found, it is customary for MIP solvers to fix all integer
variables at their optimal (integer) values, and to perform one additional iteration of the LP algorithm, so
as to obtain the dual solution (i.e. the shadowges of all constraints). However, the interpretation of
these prices is different from that of a LP. Consider for instance the shadow price of the natural gas
balance constraint: in a pure LP, this value represents the price of natural gas. In Mi&ughrepresents

the price of gas conditional on having fixed the lumpy investments at their optimal integer values. What
does this mean? We shall attempt an explanation via one example: suppose that one lumpy investment
was the investment in a gas pipelirthen, the gas shadow price will not include the investment cost of
the pipeline, since that investment was fixed when the dual solution was computed.

8.4 Appendix V: Description of the Stochastic Dual Dynanitcogramming §DDP) Tools

SDDP is a powerful optimization methodology used to supportienmg and mediumterm planning of
hydrothermal and renewabldominated power systems under uncertainty. These tools are especially
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valuable for systems with significant variability in inflaq¥wgdro), renewable generation (wind/solar), and
demand.

Key Features are the following:

Stochastic Modelling: SDDP handles uncertainty by using probabilistic scenarios (e.g.,
hydrological years, wind/solar variability), allowing planners to evaluate sylsédraviour over
thousands of possible future states.

Multi-Stage Decision Making: It breaks down complex, {imieed decisions (e.g., water
reservoir dispatch, generation scheduling) into sequential stages while considering future
uncertainty.

Dual Decomesition: It solves the problerteratively byusing dual variables to optimize both
immediate and future costs or benefits.

Main areas of SDDP applications of are:

Hydropower Planning: Optimizing reservoir operations while accounting for stochastic inflows
and seasonal patterns.

Renewable Integration: Evaluating how much variable renewable energy (VRE) can be reliably
integrated into the system.

Expansion Planning: Informing investments in generation, storage, and transmission
infrastructure over multiyearhorizons.

Market Simulations: Modelling wholesale electricity market behaviour under uncertain fuel
prices, demand growth, and generation mix.

Benefits of using SDDP tools are:
Helps quantify tradeoffs between flexibility, reliability, and cost.
Enablesobust decisioamaking under climate and market uncertainty.

Enhances coordination between shdetrm dispatch and longerm planning.
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