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Abstract

Pakistan’s solar boom, now contributing 25% of its utility electricity, the highest among
major countries, presents a strategic opportunity to localize solar supply chains within
Special Economic Zones (SEZs) under the China–Pakistan Economic Corridor (CPEC). This
study investigates pathways for enabling solar localization, identifies key barriers to local
manufacturing, and assesses the potential for domestic value chain development. Employ-
ing a mixed-methods approach, combining policy analysis, stakeholder consultations, and
feasibility analysis, the study outlines an implementation strategy centered on leveraging
SEZs and promoting technology transfer. Results indicate that if Pakistan succeeds in
localizing even half of its solar imports, it could reduce import dependency and switching
to solar energy could potentially save over $5 billion over two decades. This shift would
not only enhance energy security but also enhance sustainable industrial development
under CPEC 2.0.

Keywords: photovoltaic supply chain localization; special economic zones; energy transition;
green industrialization

1. Introduction
Globally, solar photovoltaic (PV) technology has experienced an exponential rise,

driven by dramatic cost reductions; solar PV costs have fallen by approximately 90% in
the last decade [1], making it the most cost-effective electricity source in many parts of
the world.

Countries like China, India, and the U.S. have emerged as global leaders in solar
adoption, largely due to robust policy support, economies of scale in manufacturing, and
investment in grid modernization. Figure 1 shows the increase in global solar capacity
from 2014–2024 [2].

Since mid-2023, Pakistan has experienced a surge in solar photovoltaic (PV) adoption,
with over 22 GW of solar panels imported in just 18 months [3]. This makes Pakistan the
largest Chinese solar export market in Asia and the second largest globally after Europe [4].
This momentum, driven by rising electricity tariffs, grid unreliability, and falling solar costs,
has transformed solar into Pakistan’s largest electricity source in 2025, up from the fifth
largest just two years ago. Backing this transition, the government aims to increase the
share of renewables in the power mix to 20–30% by 2030, with solar expected to play a
central role [5].
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Figure 1. Regional solar capacity growth (2014–2024), led by Asia–Pacific, with rising contributions
from all regions (Adapted with permission from Ref. [2]. 2024, SolarInsure).

Yet several obstacles persist, including intermittent grid reliability, lack of skilled
labor, and insufficient local manufacturing. Since the past four years, Pakistan has spent
over roughly $4.1 billion on imports of solar equipment [6], yet local manufacturing and
value addition remain minimal. Sustaining this solar uptake requires developing domestic
production capabilities across the PV value chain, including not just assembly, but also
system integration and upstream manufacturing. This transition demands a deeper analysis
of both the enabling role of China and how domestic capabilities support this momentum
without disrupting the economics and market dynamics.

China’s Role in Energy and the Emerging Opportunity for Localization

China plays a central role in advancing solar energy development in Pakistan and
remains Pakistan’s largest energy investor, committing nearly USD 68 billion between 2005
and 2024, 74% of which has been directed toward energy projects under the China–Pakistan
Economic Corridor (CPEC) [7]. While CPEC’s first phase prioritized infrastructure and
power generation, CPEC 2.0 aims to develop industrialization and technology transfer
through Special Economic Zones (SEZs) [8]. Drawing from its position as the global
leader in solar PV manufacturing and its success in establishing Green Special Economic
Zones (GSEZs), China offers a replicable model for Pakistan to localize solar technology
production, enhance energy efficiency, and promote circular economy practices. Chinese
investments and joint ventures in SEZs aim to facilitate the manufacturing of solar panels,
inverters, and storage systems, supported by technology transfer and the development of
local supply chains.

The SEZs under CPEC can be envisioned as critical platforms for solar PV localization.
Among the nine formally designated CPEC SEZs, three, Rashakai, Allama Iqbal Industrial
City, and Bostan, have received priority status. More recently, the Dhabeji SEZ in Sindh
has attracted direct interest from Chinese solar firms; in 2024, leading Chinese firms visited
Dhabeji SEZ, where proposals were also made to set up manufacturing units for solar
panels, inverters, and batteries [9]. Since the past two years, multiple memorandums of
understanding have been signed to establish state of the art solar PV manufacturing plants
in Pakistan.

Building on the preceding discussion, this paper aims to (i) examine Pakistan’s readi-
ness to localize its solar PV value chain leveraging its SEZ infrastructure under CPEC 2.0
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in partnership with Chinese investors, (ii) analyze key enabling and constraining factors,
including policy frameworks, market dynamics, and industrial capabilities, and (iii) outline
strategic pathways to transition from import-led adoption to a localized solar manufactur-
ing ecosystem.

2. Methodology
This study employs an exploratory sequential mixed-methods approach to analyze

the localization potential of Pakistan’s solar PV industry under CPEC 2.0. The study inte-
grates qualitative and quantitative data collection and analysis, using a sequential design
where qualitative findings inform and complement quantitative assessment, to build a
comprehensive understanding of the structural, market, and policy dimensions of solar PV
localization [10]. The first phase involved primary qualitative data collection through key
informant interviews, focus group discussions, and consultative dialogues with relevant
stakeholders. A rigorous selection process was used to identify participants with direct
expertise and involvement in solar energy, industrial development, and investment policy.
These included SEZ authorities, including representatives from the Board of Investment
(BOI), experts from leading Pakistan–China think tanks, such as those focused on renew-
able energy cooperation, Chinese energy governance experts, and representatives from
Pakistan’s solar manufacturing association. The consultations explored key themes such
as industrial development under CPEC, co-production potential in SEZs, tariff-related
barriers, capacity gaps in solar manufacturing, and the broader policy environment for
renewable energy investment.

Building on the qualitative insights, the second phase involved secondary data analysis
to contextualize and validate stakeholder inputs. This included a systematic desk review
of solar import volumes and tariff data, regulatory frameworks related to renewable
energy and industrial localization, China’s global green energy investment patterns, and
national policy documents, including Pakistan’s updated climate commitments under its
Nationally Determined Contributions. Findings were then triangulated allowing for cross-
verification of qualitative narratives with quantitative evidence to ensure analytical validity
and mitigate bias. This multi-source, stakeholder-informed methodology provides a strong
basis for identifying opportunities, challenges, and policy pathways for advancing solar
PV localization in Pakistan. The study’s methodological framework is outlined in Figure 2.

 

Figure 2. Methodological approach for the study.
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3. Key Findings & Discussion
3.1. China’s Green Governance and Localization Strategy

China’s green governance has positioned it as a global renewable energy leader, with
the country accounting for approximately one-third of global renewable capacity. As
of May 2025, China’s cumulative solar PV capacity surpassed 1 TW, reaching 1080 GW
(~1.08 TW) [11]. This success stems from robust policy planning, regulatory enforcement,
and over $100 billion invested by the Chinese government in renewables by 2024 [12],
including solar and EV sectors. Under the Belt and Road Initiative (BRI), China has shifted
from financing overseas coal to promoting clean energy projects and GSEZs across Asia,
Africa, and Latin America. These zones integrate solar energy, energy-efficient infrastruc-
ture, and circular economy models, such as solar PV recycling, critical as global PV waste
is projected to reach 78 million tons by 2050 [13]. China’s global localization strategy is
also driven by industrial overcapacity and rising domestic costs, prompting relocation
of solar and EV manufacturing to countries like Pakistan, where the SEZs under CPEC
are key recipients of this shift, with potential to localize solar supply chains, boost grid
integration, and scale renewable technologies. Yet, in order to benefit fully, recipient coun-
tries must invest in domestic manufacturing, skilled labor, and policy coherence, ensuring
that localization goes beyond assembly to genuine technology transfer and sustainable
industrial growth.

3.2. Solar PV Localization and Implications for Pakistan

In this evolving landscape, Pakistan has a strategic opportunity to become a competi-
tive hub for Chinese green manufacturing, as Chinese firms seek to diversify production
and mitigate trade risks from rising tariffs imposed by the U.S., EU, and Canada [14].
Entering the second, more “people-centric” phase of the China–Pakistan Economic Cor-
ridor (CPEC 2.0), Pakistan is shifting focus toward green development, with energy and
environment emerging as key pillars under the 5-E framework. Within this context, local-
izing the solar PV industry offers a particularly promising avenue for industrial growth.
Global examples show that successful localization hinges on aligning industrial policy with
long-term renewable energy goals and strengthening institutional capacity to turn investor
interest into operational success. For Pakistan, CPEC 2.0 presents a timely opportunity to
apply these lessons, by sequencing structural reforms, mitigating investment risks, and
strengthening domestic capabilities in tandem with foreign technology integration, par-
ticularly by leveraging the country’s ongoing solar energy boom to accelerate renewable
infrastructure, attract green investment, and localize clean energy value chains. Figure 3
shows this momentum, showing the rapid rise in China’s solar PV exports to Pakistan, both
in terms of installed capacity and value, as per Ember data. In early 2025, Pakistan sourced
25% of its utility electricity from solar power, the highest share among major regions [15].

Solar energy offers significant economic potential for Pakistan, with the ability to
reduce reliance on expensive fossil fuel imports and generate savings of up to $5 billion
in energy costs over the next two decades, according to a report by the World Bank [16].
Through its SEZs under CPEC, Pakistan has a significant opportunity to advance renewable
energy manufacturing. With solar potential exceeding 2.9 million MW [17] and global
renewable investments reaching $2.1 trillion in 2024 [18], SEZs offer a critical opportunity
to attract foreign investment, modernize industry, and boost exports. While local solar
assembly exists informally, the real opportunity lies in formalizing and localizing the
entire supply chain, including balance-of-system components, inverters, and PV module
assembly, to cut costs and reduce import dependence. SEZs also provide platforms for job
creation in clean energy, recycling, and EV component manufacturing, sectors set to expand
amid the global green transition. Alignment with China’s green Belt and Road strategy
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further enables technology transfer and green finance access, enhancing Pakistan’s climate
resilience and export competitiveness. In 2024, solar accounted for 14.3% of Pakistan’s
power generation, nearly double China’s 8.4% and India’s 7.4%. Pakistan tripled its solar
share in three years, while China and India took seven [19].
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Figure 3. China’s Solar PV Exports to Pakistan: Capacity and Export Value (2017–2025*). * 2025
depicts data from January through August.

Against this backdrop, the adverse impact of non-localization is twofold: a growing
trade deficit and missed domestic industrial opportunity. With solar imports reaching
$2.1 billion in 2024 alone, Pakistan forfeits billions that could otherwise be redirected into
local manufacturing. If this demand were met domestically, it could stimulate growth
in the local economy, leading to job creation, technological development, and upstream
supply chain activity. Additionally, there is growing momentum for policy reform to enable
this shift. ReneSola Pakistan, a joint venture (JV) with a Chinese solar panel manufacturer,
has proposed a long-term solar panel manufacturing policy, calling for a streamlined and
equitable tax and duty framework. According to their estimates, this approach could
save Pakistan $300–500 million in foreign exchange by year five and generate $300 million
annually in economic output [20]. However, realizing these gains will require addressing
key structural bottlenecks outlined in Table 1.

Table 1. Structural Challenges to Solar PV Localization in Pakistan.

Category Challenge Description

Policy &
Regulation

Fragmented Industrial
Policy Framework

Lack of a unified industrial policy aligned with renewable energy
goals hampers coherent development and investor confidence.

Institutional
Capacity

Weak Institutional
Coordination

Overlapping mandates and limited coordination among federal
and provincial bodies delay implementation and dilute

policy effectiveness.

Infrastructure Inadequate Industrial
Infrastructure

Many SEZs face delays in the provision of basic utilities (electricity,
water, roads), impeding industrial activity and investor readiness.

Finance &
Investment

Limited Access to
Green Finance

Absence of structured financing options and incentives discourages
private investment in renewable manufacturing and

clean technologies.
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Table 1. Cont.

Category Challenge Description

Technology &
Skills

Low Domestic
Manufacturing Capability

Pakistan lacks local production capacity for critical solar PV
components (e.g., wafers, cells), relying heavily on imports.

Workforce
Development

Skills Mismatch in
Renewable Energy Sector

Insufficient technical training and education programs limit the
availability of a skilled workforce in green manufacturing.

Market Structure Informal Assembly &
Unregulated Markets

Existing solar PV assembly occurs in informal setups, lacking
quality control, scalability, and integration with formal

industrial zones.

Governance Unpredictable Policy
Environment

Inconsistencies and abrupt changes in policies (e.g., tax breaks,
tariffs) create uncertainty for long-term investors.

Energy Supply Dependence on Fossil
Fuels for Industrial Power

Most SEZs are still powered by conventional energy sources,
undermining the green goals of CPEC 2.0.

Investment Risk
High Perceived Risk from

Political and Economic
Instability

Investor hesitancy stems from macroeconomic volatility and
concerns over contract enforcement and bureaucratic delays.

Addressing these challenges will require an integrated localization strategy aligned
with Pakistan’s broader industrial and energy goals. Table 2 outlines six key policy path-
ways for enabling PV manufacturing under CPEC 2.0, emphasizing financial incentives,
such as tax and duty rationalization and machinery import exemptions, to boost invest-
ment, enhance competitiveness, and potentially save up to $500 million in foreign exchange
while generating $300 million annually [20].

Table 2. Implementation roadmap for Solar PV Localization in Pakistan.

Policy
Domain Key Actions Relevant Authorities Timeline Strategic Implications

Industrial
Incentives

Approve and implement the
10-year “Solar Panel and Allied

Equipment Manufacturing Policy”

Ministry of Industries
& Production,

EDB, FBR

0–3 years
Encourages private investment,

reduces import reliance, and
establishes a foundation for

domestic solar manufacturing.

Provide streamlined sales tax and
duty structure for both panels and
components, with reduced duties

on key components while
gradually increasing duties on

fully assembled imported panels

Ministry of Finance
(MoF), FBR, Ministry

of Commerce

Establish a blended finance vehicle
to de-risk early-stage solar

investments, while enabling
long-term scale-up by mobilizing
private capital through contract

enforcement, reduced input costs,
and streamlined land, tax, and

permitting regulations.

MoF, SBP, BoI

Market
Structuring

Redirect localization efforts to
Balance-of-System (BoS)

components such as inverters,
mounting structures, and wiring,

which constitute 60–70% of project
costs, offering near-term feasibility
and competitive advantage over

full panel manufacturing.

MoIP, SMEDA, EDB,
Private sector, PSMA 0–2 years

Enables faster and more feasible
localization, supports SMEs, and

increases domestic value
addition in the solar

supply chain.

Introduce SME-focused incentives SMEDA, MoF
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Table 2. Cont.

Policy
Domain Key Actions Relevant Authorities Timeline Strategic Implications

Technology
Transfer &

FDI

Facilitate relocation of Chinese
solar firms through SEZs

BOI, SIFC,
CPEC Authority

1–3 years

Accelerates industrial upgrading,
promotes technology transfer,
and integrates Pakistan into

global renewable energy
value chains.

Promote joint ventures, licensing,
and vertically integrated clusters

with export incentives

Ministry of Commerce,
Pakistan Engineering
Council (PEC), SECP

Workforce
Development

Update engineering curricula to
include PV and semiconductor

technologies
HEC, NAVTTC, PEC

0–2 years

Develops a skilled domestic
workforce, addresses technical

skill gaps, and reduces
dependence on foreign expertise.Launch vocational training and

international exchange programs

NAVTTC, TEVTAs,
Ministry of Federal

Education and
Professional Training

Grid &
Storage

Integration

Implement smart grid systems,
microgrids, and integrated

solar-storage projects

NEPRA, NTDC,
DISCOs 1–5 years

Improves grid flexibility and
reliability, supports renewable

energy integration, and enhances
national energy security.

Circular
Economy

Establish regulatory framework
for solar panel and
battery recycling

EDB, MoCC&EC, EPA 1–3 years

Ensures sustainable lifecycle
management of solar

infrastructure, reduces
environmental impact, and

opens new green
industry segments.

4. Conclusions
Pakistan’s rapid solar uptake has opened a clear window to transition from import

reliance to localized manufacturing. Sustaining this growth will require building industrial
capacity, aligning policy frameworks, and partnering with China under CPEC 2.0 to
absorb relocated production and technology. China’s green outbound strategy increasingly
favors localized value chains, and Pakistan’s SEZs offer a timely platform to attract such
investment. However, this opportunity can only be realized through coherent reforms
that address policy gaps, tariff distortions, and skill deficits. If pursued strategically, solar
PV localization can strengthen energy security, reduce import dependency, and position
Pakistan within the global solar value chain.

Supplementary Materials: The following supporting information can be downloaded at: High-Level Con-
ference on CPEC & Beyond: How China Enabled Pakistan’s Energy Transition (https://sdpi.org/high-
level-conference-on-cpec--beyond-how-china-enabled-pakistans-energy-transition/event_detail)
(accessed on 1 July 2025), Experts highlight green SEZs under CPEC for sustainable development
(https://sdpi.org/8904/news_detail) (accessed on 1 July 2025), The Great Solar Rush in Pakistan [6]
(accessed on 28 June 2025).
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