Journal of Sustainable Development Indicators

http://www.sdewes.org/jsdi

Original Research Article

Data-Driven Insights into Sustainable Energy Transition across Diverse
Climatic Conditions: Evidence from Pakistan’s Energy Sector

Saqib Ali', Antun Pfeifer’, Aamer Raza’, Luka Herc?, Neven Duié®
1.245Faculty of Mechanical Engineering and Naval Architecture, University of Zagreb, Croatia
'sali@fsb.hr, 2antun.pfeifer@fsb.unizg.hr, *luka.herc@fsb.unizg.hr, neven.duic@fsb.unizg.

3Islamabad Electric Supply Company, Islamabad, Pakistan
3syedaamirwrites@gmail.com

N\

Cite as: ALI, S., Pfeifer, A., Raza, A., Herc, L., Dui¢, N., Data-Driven Insights into Sustainable Energy Transition
across Diverse Climatic Conditions: Evidence from Pakistan’s Energy Sector, J. sustain. dev. indic., 1(4), 2020661, 2025,

DOI: https://doi.org/10.13044/j.sdi.d2.0661
~

llenge, as

omprohensive data-driven
arch presents a method for

ABSTRACT

The comprehensive quest of a sustainable energy transition has s

growth, and energy security issues. The energy sector in
developing countries, currently faces similar challenges. Ther
research is required to find sustainable energy solutj Rhi

met through energy storage technologi
VRES, power to X technologies, etc. Thi

The gro bl development has necessitated a fundamental paradigm shift in
both power@nd ene tems worldwide. Almost all nations are struggling to decrease their
dependen fossMl fuels and shift towards variable renewable energy sources (VRES) to

of climate change, global carbon emissions, environmental degradation,

ecurity, etc. The transition towards VRES involves overcoming significant

ted to energy security, grid stability, and socio-economic impacts. For example,

dependence remains a critical issue in Pakistan, contributing to an economic

vulnerability due to reliance on imported energy. Similarly, the developing countries are also

prioritizing the transition from conventional fossil fuels to VRES [1]. As these nations have

broadly relied on fossil fuels-based energy generation, leading to economic challenges due to
high dependence on energy imports.

To model the energy sector of these developing countries, many energy modelling tools
and techniques are available in literature, H2RES has appeared as a vigorous optimization tool
capable to analyse the energy sector with high-VRES penetration. The detail description of the
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H2RES model can be found in [2]. This software is chosen as a modelling tool for this research
to assess and optimize the gradual transition towards 100% renewable based energy systems
on exogenous and endogenous assumptions for these types of developing countries. The model
uses Gurobi that is a strong mathematical optimization solver [3].

The H2RES model is more focused on the renewable energy (RE) based energy systems
and is used to transform fossil-fuel power systems into VRES energy systems [4]. Despite
significant progress in understanding the potential of RE, there remains a gap regarding
comprehensive transition plans tailored for long- and short-term implementation towards a
sustainable energy transition paradigm. This research proposed detailed actions to be
undertaken every 5 years, including the decommissioning of thermal power plants and the
VRES installations.

achieve 100% VRES system till 2045 or 2050 [6]. The authors in [7] %
the worth of a phased approach to decommissioning thermal pga adding VRES
to reduce energy cost and maintain system stability. 3t fossil energy
company/industry named Wartsila, has also committed oV 1ll 2050 [8]. North
Africa, European countries, and Australia have set their ablish 100 % VRES based
grids [9] However there is 11ttle 1nterest in develg 1ng S-based energy supply
d Northeast Asia, South and

decision makers, and almost no interest 1 ewable policies for developing high
VRES based energy systems. Howe and, the total research focuses on the
developed regions, countries and naflons and
iMdevel@ped countries focuses only on their regions, and

re that defines a clear paradigm for developing
(RE) resources and have diverse climate zones [11].
developing countries to set their clear goals, strategies
s 100% clean, green and sustainable RE paradigm. Except for
ies have been conducted to assess the potential of various

there is no such interest or stu
countries that are rich in r

Therefore, this researchg
and plan for the transi
this literature revig

; to calculate a cost-effective pathway for 100 % energy transition for
developing countries. One thing is most important when modelling the 100
em, the major challenge is demand and production balancing, otherwise the
in reaches infeasible solutions. This research successfully handles this situation and
properly addresses it. The research hypothesis is “Pakistan can achieve 100% VRES by 2050
through a phased, data-driven transition insight and integration of Power-to-X technologies
using H2RES modelling tool”. The term 'data-driven' refers specifically to the use of high-
resolution data used for collection procedure on renewable resource availability, and energy
demand.

The novelty of this research work lies in the modelling of the power system considering
diverse climatic conditions and resource availability. This research modelled the energy sector
of Pakistan, provide a unique data driven transition roadmap using H2RES tool. A holistic view
is developed to integrate Power-to-X technologies, sector coupling across industry, heating,
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and transport along with sectoral decarbonization. The framework is designed as scalable
template for other developing countries with ample VRES, but limited transition planning.
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Figure 1. 100 % VRES research from

The following sections of this research paper are . ection 1 presented

introduction. Section 2 presents research method, an tdhdata collection procedure,

parameters settings to setup H2RES model. In section 3, ener8y sector of Pakistan, its

diverse climate energy zones and region considerg pgcsentlg as case study. The results are

presented in section 4. Discussion, limitations ections are in section 5. Lastly, the
conclusion summarizes the key takeaways.

RESEARCH METHOD

The research methodology focus
the 100% VRES transition plafhi
heating, and cooling deman
internal data, imports, ex
flexibility in the adopg

on levera®yng the H2RES model and Gurobi solver for
2090. The H2RES model handles hourly energy,

eration, inflow, availability factors, power plant
t data. It provides an analysis of the variability and

options, etc., to redu ioNgl and system costs annually. Additionally, its modular design
facilitates the in N prage technologies such as hydrogen and batteries, which are
crucial for manag jability of solar and wind generation. The model flexibility makes
it particula itAle foll long-term planning in the energy transitions, ensuring the results

both realgst and This model schematics can be found in [13] that
mponents and operational flow, highlighting its role in enabling a
uture. The schematics shows heat generation part, dispatchable and non-

sectors. The H2RES model incorporates various flexibility options, including
age systems (hydrogen, battery storage) and 'Power-to-X' technologies to balance
the variability of renewable generation. Grid stability is maintained through the integration of
these technologies, ensuring that energy demand is met even during periods of low renewable
generation. The H2RES model, including the use of storage to handle peak demands and energy
surpluses, thus maintaining system stability.

The H2RES optimization model incorporates capital costs are based on current market data
projections for renewable technologies and energy storage solutions, while O&M costs are
estimated from industry standards. Other than generation plant investment, the model considers
the capital cost of investment into flexibility solutions which are factored into the model to
ensure a realistic cost estimate for the energy transition to 100% VRES by 2050. All the costs
are brought to the net present value.
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GUROBI is an optimization software available for free academic use. It offers various
algorithms, such as Barrier, SIMPLEX, and DUAL SIMPLEX, to efficiently solve large-scale
optimization problems. H2RES, written in Python [14], utilizes GUROBI as its primary
optimization solver. [3].

Data Collection Methods

In the data collection phase of this research, we gathered the past 10 years of Pakistan's
power demand data from national energy statistics, covering the period from 2010 to 2020. The
data was then cleaned, normalized, and structured for use in training the ARIMA model, with
a forecast horizon extending to 2050. After completing the forecasting, we presented the results

accuracy and suitability for long-term renewable energy system analysis. The
achieved a deviation of less than 5% from official projection. The study @
combination of primary and secondary data sources and complete layout q
can be seen in Figure 2. Energy consumption patterns, generation
plant’s operational data for the year 2020 were also collected from@P
reports, government publications, and utility records [15-19]. Eg
and then useful information and related data is logged int

on energy storage technologies and cost S gathered from peer-reviewed
literature and market reports [25, 26]. Dat § the backbone of this research, as
the quality and reliability of input dat the validity of the H2RES model’s
output. The study prioritizes gatheg i

Additionally, precise data on
emissions were sourced to ¢ ecommissioning timelines found in [27]. The

energy consumption pattef crogintegpated to project future energy demand and supply

development of a ra 4 tionable transition paradigm tailored for Pakistan's unique
energy landscap

N
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H2RES 1.0 Model
(Simulation & Optimization)

Collect historical data | Gather secondary data
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Renewable energy potential
Storage technology data
Cost Projections

Primary Data Sources:
Energy Consumption Patterns
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Data Integration: h

High resolution spatial/temporal data
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l Develop detailed scenarios

( Scenario Development: h
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l Formulate actionable roadmap

Figure 2: Flowc@ft ofg eth(m

Transition Roadmap Development

020-2050 timeline into seven (five-
the impacts of decommissioning the
specific fossil fuel plants and comfissioning®gf new RE based generating systems. This
transition roadmap is designed j@’ensige a ggadual reduction in fossil fuel dependency while
meeting the growing energ , gtaining grid stability, and the most important
balancing the energy de supply requirements. Key considerations included the
integration of energy tie@#S, such as batteries and hydrogen storage, and its
optimization.

The transition roadmap is developed

Mathematical AR Objective Function and Main Constraints

> dynamics for energy carriers, capacity limits, hydrogen production,
ransformation, GHG emissions constraints, reduce total annualized
tal investment costs, etc. The modelling variables includes (fuel cell,
and stationary storage, etc.), H2 demand and storage, industrial demand,
um and maximum output per generator type, meet demand, heat pump systems,
ation, storage) constraints, meet cooling and heating demand, storage hydro dam
(rump up/down) constraints and the objective function to minimize the total costs.

Equation (1) displays a general representation of the objective function with all the
parameters included.
Yy XpXedfy [CipyDipy + TCeyKiInv,, + Ry, Rampg 1, Imp,,, + CO,Price, CO,Levels,,,, (1)
Where:

CepyDyepy — variable cost for dispatching a technology t, in period p, in year y.

TC.,K.Inv,, — annualized capital cost (k,)of technology t.

R;pyRamp,,, — ramp up/down cost.

L, ,Imp, , — import cost.

CO,Price,C0O,Levels, ,,,, — cost per unit of CO2 emissions for each of the technologies.
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The objective function consists of five types of costs, fuel and non-fuel costs, capital
investment costs, operational ramps (up and down) costs, import cost per period, and the cost
of CO; emissions and the detail of these costs and equation can be found in [29].

H2RES uses four constraints that are dispatch and technical constraints, storage constraints,
demand constraints, and policy constraints. In the modelling, there are different parts like
energy generation and reserve balancing (primary, secondary, ramp-up/ramp-down
constraints), energy storage management (EV, hydro, heat pump), energy demand matching
(meeting demand for electricity, heating, and cooling), CO; emission constraints (CO>
emissions, carbon emissions limit), and cost minimization (including operational, import,
investment, ramp-up/down, CO; emissions, storage and electrolysis costs).

CASE STUDY: PAKISTAN'S ENERGY SECTOR TRANSITION

Currently, the major source of electricity generation is based on the impf

can be seen in Figure 3. Pakistan has huge potential of solar, wj piomass and
geothermal energy that can be seen in Figure 4.
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Figure 5. Research Area Scope: Pakistah’s all provinces and sub-regions as case study [36]
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meters

put parameters are policy parameters, technological change
ing parameters, vehicle-to-grid (V2G) parameters, etc. These
set t@lachieve 100% RE in Pakistan. The parameters and scenarios considered

1 and 2, respectively. H2RES can include policy constraints in the form
ired share of RE sources (100% in our case) in electricity generation as well
imum amount (zero in our case) of CO2 emissions. For the purposes of this

respected to zero in all sectors by 2050. Table 2 shows the parameters of electricity generation
technologies for Pakistan energy sources that are used in building the processes of the model.

Roadmap for Transition to 100% VRES by 2050

The results of this research provide a detailed step-by-step roadmap for Pakistan energy
sector to transform towards 100% VRES by 2050. The findings outline specific actions to be
taken every five years and the systematic installation of RE systems, ensuring a balanced and
sustainable energy transition. During this initial phase from 2020-2025, the focus is on laying
the foundation, and infrastructure development. The second phase from 2025-2030 emphasizes
expanding RE capacity and modernizing the grid. The phase from 2030-2035 marks a
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significant shift toward RE dominance and expanding battery energy storage systems along
with deployment of solar PV, and wind power projects. In the phase 2035-2040, renewables
account for most of the energy generation and implement advanced smart grid technologies to
optimize energy distribution and management along with retirement of nuclear power plants.
The energy sector approaches its final stages of transition during the 2040-2045 phase. Leaving
minimal reliance on fossil fuels, expanding renewable capacity and scaling hydrogen and
battery storage to ensure grid stability. The final phase achieves from 2045-2050 the target of
100% RE generation by complete elimination of fossil fuel plants from the energy mix, RE
installation, and electrification of transportation and industrial sectors using renewable energy.
This phased approach to decommissioning fossil fuel plants and systematically increasing RE
capacity can achieve Pakistan’s goal of 100% VRES by 2050.

Table 1. H2RES Scenario Description

Scenario Conditions Description

ps_inv True Enforces the H2RES constzai

Indicates if a carbon uld be enforced

carbon Limit True (required for 100%

res_inv True Enables the iafCStgents RES generations.

hydro_storage True storage systems are modelled
g renewables)

exports_dat True ates Wheth€r to consider export data in the model.

ceep_limit EEP limit.

NoResToHeatInv rue, then heat pumps are not invested into.

ble 2. Parameters of Energy Conversion [18]

Parametegs Hydro Solar Wind \]g/?;:liazzd Nuclear I(\}I:;:ural Coal F]g)lili%lg:fe/
73 18 35 80 85 70 75 88
Life Span in Years 75 25 25 20 60 30 40 35
Land Use Acres/MW 315 43 70 12.5 1271 1241 1221 1244
Fuel Cost (US-Cents/KWh) 0 0 0 6 3 7 6 14.13

Emission (Grams/KWh) 0 0 0 750 0 545 915 596
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RESULTS

This section presents an energy transition pathway of Pakistan’s energy sector using H2RES
model to analyse the future trajectory from 2020 to 2050. The results cover electricity
generation trends, Power-to-X utilization, RE capacity investments, heating sector
transformation, industrial fuel consumption, etc. The optimization results highlight the gradual
shift from fossil fuels to VRES, emphasizing the increasing role of solar, wind, and energy
storage technologies. A detailed analysis of projected trends observed in electricity generation,
energy sector transformations, and technological advancements, illustrated through graphical
representations.
Figure 8 presents the total power generation mix from 2020 to 2050 after the intervalof every
S-years. The results indicate a gradual transition from fossil fuel generation to V
particularly in solar and wind power production. While coal, diesel, oil, g
generation maintain a presence in earlier years, their contribution declines ove
a shift towards cleaner and greener alternatives. The model predicts a sjg#
deployment post-2030, demonstrated the increasing commitment t
solutions of Pakistan. Hydropower and nuclear energy remain st 5
ensuring a balanced energy mix. After 2040, nuclear plants will |
replaced by renewables. As the overall electricity generatio
steadily, aligning with the country’s rising energy deman ' gs highlight the
feasibility and necessity of integrating renewables int to enhance energy
security and reduce carbon emissions.

Figure 9 illustrates the hourly distribution of eleg
categorized by fuel type and technology. In the,s

atlon over the course of a year,
uel generation is dominated.

To provide the base load stability, hydropo s dbntinuously present in the system.
The results emphasize the feasibility of tr, i @rds a balance, sustainable and low-
carbon power system, aligning with Pa energy policies and decarbonization
goals. r
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Figure 10 de cd "Power-to-X" exploitation on an hourly basis from 2020 to
2050. The X options include heating, hydrogen generation and EVs, while
over the pe mand decreases. Across various timeframes, the extra amount of RE

o heat and EVs preside, that revealed the dependence is primarily on
r transportation and heating. After 2030, the significance of VRES
to start replacing the energy mixed generation based on conventional sources.

large encrgy storage options. The discharge of stored energy indicates that it will take part in
the demand and supply balance and stabilize the fluctuations effectively. Also, during 2040 to
2050, the key components to stabilize the grid will be hydrogen and storage options as can be
seen in the flexibility options. The results show that the significance of advancement in storage
technologies and sector coupling to allow a high share of VRES system. Long term
decarbonization in Pakistan will be based on the shifting of transport and heating on
electrification and hydrogen-based storage options.
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Addition to total cafffgy t across various regions of Pakistan in VRES can be
seen in Figure 11. A i in the investment of solar and wind energy with substantial
growth is obsery in Karachi, Gharo, and Faisalabad areas. In the start the
investment i . dominant in most of the reigns like Balochistan and Southern
Punjab shofing'a glar irradiance potential in Pakistan. After 2035, the coastal areas such
as Jhim haro are the most favourable for wind corridors. These areas are full
of w tial throughout the year. The model starts investment, and it rapidly
acce 2030. At national level, most of the distribution companies emphasize the
) solar energy systems, that accentuate national-level pledge to support large-scale

ration. The total capacity investment in renewables particularly in solar and wind
ration in terms of MW for different rich areas of Pakistan can be seen in Table 3.
Figure 12 illustrates the envisioned individual heating generation transition mix that
elaborates the contribution of different heating technologies like oil, gas, bio, and electric
boilers, air to water heat pumps. A significant decrease in gas and oil boilers and then the
electric boilers dominate after 2030 indicates that the dependence on fossil fuel reduced and
will reach zero in 2050 while the trend shifts towards renewable and electrification-based
solution for individual heating generation. This is the evidence in decarbonization of heating
sector and electrification of heating systems. It is also observed in the heating generation graph
that the heat pumps are not dominant over the boilers is due to the reason that the peak loads
are much higher than average, so the utilization is low and therefore HPs are not economical.
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Moreover, heat pumps also required huge capital cost, elongated payback period, and in
existing infrastructure of Pakistan, there exists numerous integration challenges.
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Unit
i&e 1 1:'dﬁition to Total Capacity Investment in VRES (Mega Watt)
: @apacity investment in renewable (Solar, Wind) systems (MW)
2020 2025 2030 2035 2040 2045 2050
0.0 0.0 0.0 500.0 500.0 500.0 500.0
0.0 0.0 2000.0 2000.0 2000.0 2000.0 2000.0
0.0 0.0 0.0 2000.0 2000.0 2000.0 2000.0
0.0 0.0 500.0 500.0 500.0 500.0 500.0
Gharo_Area Wind 0.0 0.0 0.0 565.45 5000.0 5000.0 5000.0
HAZECO Solar 0.0 0.0 2000.0 2000.0 2000.0 2000.0 2000.0
HESCO Solar 0.0 0.0 0.0 2000.0 2000.0 2000.0 2000.0
IESCO Solar 0.0 0.0 2000.0 2000.0 2000.0 2000.0 2000.0
Jhimpir_Area Wind 0.0 0.0 0.0 0.0 0.0 5000.0 5000.0
KE Solar 0.0 0.0 0.0 2000.0 2000.0 2000.0 2000.0
Karachi_Area Solar 0.0 0.0 0.0 500.0 500.0 500.0 500.0
Karachi_Area Wind 0.0 2100.03 3000.0 3000.0 3000.0 3000.0 3000.0
LESCO Solar 0.0 0.0 0.0 2000.0 2000.0 2000.0 2000.0
MEPCO Solar 0.0 0.0 2000.0 2000.0 2000.0 2000.0 2000.0
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PESCO Solar 0.0 0.0 0.0 2000.0 2000.0 2000.0 2000.0
Punjab_Area Solar 0.0 0.0 2000.0 2000.0 2000.0 2000.0 2000.0
QESCO Solar 0.0 0.0 2000.0 2000.0 2000.0 2000.0 2000.0
SEPCO Solar 0.0 0.0 0.0 2000.0 2000.0 2000.0 2000.0
TESCO Solar 0.0 0.0 2000.0 2000.0 2000.0 2000.0 2000.0
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onsumption from 2020 to 2050 on an
el usage within the industrial sector as in
e dominant fuels for industrial processes,
with coal contributions. Howe¥%gr, noticeable transformation begins as hydrogen
starts replacing conventio i
2040, the share of hydro
a strong industrial d ion wend. By 2050, hydrogen becomes the dominant energy
source for industria mption since hydrogen is only carbon neutral option. The
results emphasiz i ievi
The criti

tricity production (CEEP) is 8.34 % in 2050 due to the model
853 and storage systems to balance out the variations in energy
an b&seen in Table 4. The generation closely follows the demand and does not
ounts of CEEP. It displays the generation of CEEP expressed in [TWh]
the percentage of total electricity demand. The results for H2RES display
P generation until 2040 where it starts to rise to maximum value of 8.34 % for
50. Generation of CEEP is not limited as H2RES model is using hydrogen
generation and storage systems, especially in industry sector to balance out the variations in
energy generation. Table 5 clearly represents the CO> emissions from 2020-2050 from power,
heat and industry. The CO: emissions in the heat sector rise sharply to 23.7 Mt in 2025,
primarily due to continued fossil fuel use for heating before the adoption of electrified heating
systems and renewable-based solutions. After this period, emissions decrease in line with the
transition to a low-carbon energy system, reaching zero by 2050.

The overall results highlight Pakistan’s gradual transition towards a 100% VRES energy
system by 2050. Power-to-X integration will increase significantly by 2030, with hydrogen and
energy storage technologies playing a key role in balancing the grid. Investments in solar and
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wind capacity expand across multiple regions, ensuring widespread renewable adoption. In the
heating sector, electric resistive heaters replace gas and oil boilers, supporting decarbonization
efforts. Industrial fuel consumption shifts from gas and oil to hydrogen, marking a critical step
toward low-carbon industrialization. These results emphasize the urgent need for infrastructure
development, policy incentives, and technological advancements to facilitate a sustainable
energy transition in Pakistan to achieve long-term SDGs.

Industry fuel use in 2020
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[MWh]

4000
Period

Industry fuel use in 2025
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Period

Industry fuel use in 2030
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Industry fuel use in 2035
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ey et e i 208 = o
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:
@1& Industria?ofilel use or Energy supply in Industry
Table 4: Critical Excess of Electricity Production
2020 2025 2030 2035 2040 2045 2050
CBEP (TWh) 0.0 0.0 0.014598 2.830 10.929 28.858 34.833
CEEP (%) 0.0% 0.0% 0.01%  1.02% 3.46% 7.52% 8.34%
Table 5: CO, Emissions (Use millions of tonnes [Mt])
Year 2020 2025 2030 2035 2040 2045 2050

CO2 power  44.55 24.26 12.24 16.98 14.06 10.27 0.00
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CO2_heat 4.68 23.7 1.05 0.73 0.38 0.21 0.00

CO2 industry  3.06 3.05 2.93 1.33 1.03 0.95 0.00

DISCUSSION, LIMITATIONS AND FUTURE DIRECTIONS

The proposed roadmap is for developing countries, such as Pakistan, to transition their
energy systems to 100% VRES by 2050. It offers a comprehensive and structured approach to
achieving energy sustainability while addressing the technical, economic, and environmental

energy transition plan incorporates these insights while adapting to |
diverse climate zone conditions. The transition to 100% VRES pr
including reduced dependence on fossil fuel imports, lower eng

B
int&national financing mechanisms,

. prmative, aligning with global
climate goals, such as the Paris Agreement, a 8 Pakistan as a leader in sustainable

over time by declining technology costs and the absence
ease the financial burden of this transition by leveragi

significant reductions in GHG emissio i io@ and water consumption, particularly
benefiting urban areas affected by on. Similar transitions in Sweden and
public health outcomes [38]. Pakistan’s transition roadmap with global efforts
highlights both challenges a eveloped countries like Germany and Denmark
have benefitted from r meworks, advanced technologies, and financial
resources, enabling t i enificant RE integration. In contrast, Pakistan faces
hurdles such as pol ystencies, weak institutional capacity, and limited financial

resources. Howgge conomies like India and Brazil offer closer parallels,

sition to 100% VRES by 2050. The reduction in fossil fuel dependency will
issions, helping the country meet its commitments under the Paris Agreement
sustainable development goals 7 and 13. Additionally, the development of RE
projects will create thousands of jobs in construction, operations, and maintenance,
contributing to economic growth and energy security. The transition to 100% VRES in Pakistan
required strong policy frameworks to support the integration of VRES. Comparative policy
benchmarking shows that countries like Germany and Denmark have successfully
implemented policies that incentivize VRES investments and infrastructure development.
Lessons from these countries can guide Pakistan in adopting similar strategies, such as feed-in
tariffs, green finance mechanisms, and carbon pricing to accelerate the transition.

The limitations of this research work and the future directions are also part of discussion:



1. The open source H2RES model makes the decision only on long term optimization by taking
the intact planning period.

2. By developing the myopic version of H2RES model, the decision-making approach will
change to short term. It will make the real time adjustments which are more feasible to practical.

3. This study does not consider tidal and geothermal energy sources and does not incorporate
in the input data files.

CONCLUSION

The main objective of this research work is to develop a sustainable energy transrtr paradigm
for the developing countries. Pakistan with its abundant RE potential, climati i4f
increasing energy demand is chosen as a case study. To create an optimal Y R Oegween
generation and energy demand for the period 2020-2050 after every 5-ycaks i
model is used. The research concluded that by transforming the Pakist
100% RE system is economically favourable, technically feasiphaga'
transformative. The proposed model provides a roadmap for deco
retiring of nuclear plants, installation of VRES. For larggsSueglt $ments in VRES
i exibility options,
S proposed roadmap,

targets. These research directions provide actionab ights%Q support a successful adaptive,

and inclusive energy transition.
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