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Ol. Executive Summary

Pakistan’s energy sector is at a crifical juncture. Rapid population growth, urbanization, rising demand for cooling, mobility, and industrial output,
combined with high dependence on imported fossil fuels, place increasing pressure on energy affordability, security, and public finances. At the
same fime, Pakistan has committed to ambitious climate objectives under its Nationally Determined Contributions (NDCs), requiring a fundamental
tfransformation of how energy is produced and consumed over the coming decades. Due fo the long-life time of energy infrastructure, decisions
taken today will shape the country’s energy system, investment needs, and emissions profile well beyond 2050.

To support evidence-based long-term decision-making, the Energy Planning and Resource Centre (EPRC), with fechnical support from GIZ, has
developed the Pakistan Integrated Energy Model (PAK-IEM 2.0). Built using the internationally recognised TIMES-VEDA framework, PAK-IEM 2.0
provides an infegrated, system-wide representation of Pakistan’s energy system, covering all major demand and supply sectors. The model enables
tfransparent comparison of alternative development pathways and assessment of frade-offs across costs, investments, energy security, and
greenhouse gas emissions.

This booklet presents insights from two core scenarios. The Least Cost Baseline (LCB) scenario reflects a continuation of currently committed
policies until July 2025 and cost-optimal fechnology adoption, without long-term decarbonization constraints. The Net-Zero Energy (NZE) scenario
explores a policy-driven pathway aligned with Pakistan’s climate objectives, targeting net-zero GHG emissions from the energy sector by 2050.

Even under the LCB scenario, Pakistan’s energy system evolves in a more efficient and cleaner direction compared to historical data. Energy
demand experiences a gradual decoupling from economic growth, i.e. around 2.5 fimes by 2050 compared to 2024 baseline while final energy
demand only grows by 30%. Renewable energy sources expand to become the dominant source of power generation, reducing emissions from
power generation significantly/to 56%. However, fossil fuels — particularly imported oil and LNG — remain central fo the energy mix -partficularly in
residential, industry and transport sectors. Overall energy-sector emissions stabilize rather than decline, leaving long-term climate objectives unmet.
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In contrast, the NZE scenario illustrates the scale and nature of transformation required to achieve deep emission reductions across the entire
energy sector including supply and demand. The pathway is characterized by accelerated electrification of end uses, rapid expansion of renewable
power generation (similar to the LCB scenario), strong improvements in energy efficiency, and the deployment of emerging technologies such as
green hydrogen, advanced biofuels, and carbon capture and storage for hard-to-abate sectors. Electricity generation becomes fully decarbonized
after 2040 and reaches net-negative emissions by mid-century through the deployment of bioenergy with carbon capture and storage (BECCS) to
compensate for remaining emissions in the power, transport and residential sectors.

Achieving net-zero requires higher upfront investment compared o the LCB scenario, reflecting accelerated capital deployment across power
generation, grids, tfransport, and industry. These higher investments are partly offset over time by substantially lower fuel expenditures and reduced
exposure fo international fossil fuel markets. Importantly, the NZE pathway confirms several “no-regret” options that deliver benefits under both
scenarios, including electrification, energy efficiency improvements, and the expansion of solar and wind power.

Overall, the results highlight that Pakistan can meet growing energy needs while improving efficiency and reducing emissions, but that achieving
net-zero by 2050 requires timely, coordinated, and sustained policy action. PAK-IEM 2.0 provides a robust analytical foundation to support this
process, helping policymakers assess trade-offs, sequence interventions, and guide Pakistan’s transition foward a secure, affordable, and
sustainable energy future.
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z.1. Background

Given the rapidly evolving dynamics of the energy sector, energy modelling fools must continuously be updated
and adapted fo remain relevant for policy and planning. EPRC, through a dedicated modelling working group
involving key energy sector stakeholders, is strengthening the capacity of Government of Pakistan (GoP)
institutions to effectively use a diverse suite of energy modelling and analytical tools.

EPRC has initiated a comprehensive process of long-term energy planning and policy development by
progressively employing a combination of econometric and energy system models that integrate both top-down
and bottom-up approaches. In the initial phase, a customized MS Excel-based model was developed to support
medium-term demand analysis. As modelling capabilities matured, EPRC transitioned to an econometric
framework using STATA, incorporating key socioeconomic drivers. With the technical support from the U.S.
Department of Energy and the Stockholm Environment Institute, EPRC further enhanced its analytical framework
by adopting the LEAP model. This fop-down approach enabled the assessment of macro-level energy supply and
demand trajectories, as well as associated emissions pathways.
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Figure 1: Development of Energy Modelling Ecosystem
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Building on these earlier efforts, EPRC — funded by the German development cooperation programme, implemented by GIZ — has developed the
Pakistan Integrated Energy Model (PAK-IEM 2.0). The model adopts a bottom-up, technology-rich approach, incorporating device-level
representations of both commercial and non-commercial energy use. It is calibrated using base-year (FY 2023-24) national energy data and
supplemented by targeted surveys and expert judgement where data gaps exist. Scenarios are being developed to address policy questions
identified through the approved Terms of Reference.

Recognising that energy planning is inherently iterative and requires regular updates, EPRC aims to establish a robust and flexible national energy
modelling ecosystem capable of responding o evolving energy dynamics, fechnological advancements, and the GoP’s long-term vision for a
sustainable, affordable, and secure energy sector.

Zz.Z. Purpose and Scope of PAR-IEM 2.0

PAK-IEM 2.0 is designed as a strategic decision-support tool to inform long-term energy planning, policy formulation, and investment prioritization in
Pakistan. The model provides a transparent and internally consistent analytical framework to assess how alternative policy choices, fechnology
pathways, and external assumptions shape the evolution of the national energy system over the medium to long ferm.

The primary purpose of PAK-IEM 2.0 is to support the Government of Pakistan in evaluating energy transition pathways that balance affordability,
supply security, and climate objectives. The model enables the comparison of baseline and policy-driven scenarios, quantifies system-wide trade-
offs, and assesses implications across energy demand, supply, infrastructure investment, and greenhouse gas emissions.

The model is designed to address a wide range of policy-relevant questions, including:

« How energy demand and supply may evolve under different socioeconomic and policy assumptions

« The cost and investment implications of alternative energy transition pathways

« The role of renewable energy, electrification, efficiency, and emerging fechnologies in meeting long-term demand
« The impacts of climate and decarbonization tfargets on energy system structure and emissions

Trade-offs between domestic resource use, imports, and resulting energy security indicators
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PAK-IEM 2.0 adopts a long-term, system-wide perspective and is not
infended as a short-term operational planning tool. It does not replace
detailed power system dispatch, network planning, or project-level
assessment models, but complements existing sectoral planning
instruments and supports strategic policy dialogue. The model is
designed fo be flexible and iterative, allowing for regular updates as new
data, fechnologies, and policy priorities emerge.

The following sections describe the key characteristics of the model and
present selected results and insights generated through scenario
analysis.
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03. Overview of PAR-IEM 2.0

The Pakistan Integrated Energy Model (PAK-IEM 2.0)is a
national infegrated energy system model designed to
support evidence-based and long-term energy planning
in Pakistan. The model has been developed using the
internationally recognized TIMES-VEDA framework!" by
the Energy Planning and Resource Centre, with support
from German Development Cooperation through GIZ
since October 2024, and with contributions from national
stakeholders and sector experts.

PAK-IEM 2.0 provides a unique system-wide planning
perspective by analyzing the evolution of Pakistan’s
energy system across the full value chain, from primary
energy resources and imports to energy transformation,
distribution, and final consumpfion.

[1] Model generator developed as part of the IEA-ETSAP (Energy Technology
Systems Analysis Program), an international community which uses long term
energy scenarios to conduct in-depth energy and environmental analyses.

It infegrates supply-side activities, including fuel
production, trade and power generation, with demand
across residential, commercial, agriculture, fransport,
and industrial sectors.

Modelling energy as an interconnected system rather
than as a set of isolated sectors, fechnologies, or
commodities, PAK-IEM 2.0 enables the analysis of key
substitution options and cross-sectoral interactions. This
approach allows the assessment of system-level trade-
offs — such as electrification, fuel switching, and
competition between technologies — that cannot be fully
understood through isolated single-sector or single-
technology analyses.
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