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Over the past few years, China’s solar industry has entered a period of intense upheaval. Price wars and margin compression
have forced industry leaders—including Jinko Solar, Trina Solar, and JA Solar—to report significant losses. These firms,
along with LONGi Green Energy and Tongwei—the industry’s top five—slashed their workforce by over 30 percent in 2024.
The market is facing industry consolidation and exits not seen in over a decade, as over 40 smaller firms have filed for bank-
ruptcy, been acquired, or exited the market. Chinese regulators are accelerating this process, which will have ripple effects
across global solar markets.

Several critical questions arise: Does this phase erode China’s leadership in solar, or entrench it further? Is it a window for others
to close the gap, or a prelude to deeper market displacement? And when the current wave of capacity consolidation settles,
what will the next global competitive order look like? The answer is already emerging. Rather than opening space for rivals to
catch up, the current shocks are forging a more resilient Chinese solar core. By embedding deeper into global value chains and
securing a technological lead, China is effectively reshaping the industry’s future trajectory to its own long-term advantage.

FROM FORCED TRANSITION TO
STRATEGIC OFFENSE

China’s first major solar shakeout began in 2012. During the
2009-2010 frenzy, Chinese solar majors expanded rapidly,
leveraged by debt, to meet European and U.S. demand,
exporting 90 percent of their output. When the 2011
Eurozone crisis hit, solar subsidies were gutted, sharply
curbing demand. The sector hit its “darkest hour” in 2012
when U.S. anti-dumping duties and EU trade probes shut-
tered overseas markets, forcing hundreds of China’s solar
firms to cease operations. The crisis peaked in 2013 with
the landmark collapse of two solar giants, Suntech and LDK,
prompting Beijing to salvage the industry through aggres-
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sive domestic installation targets and “Price Commitment”
deals with the European Union. The crisis ultimately trans-
formed China’s solar sector from a fragmented landscape
into a more consolidated, globally competitive powerhouse.

Today, China is the undisputed global leader in the
solar industry. It dominates the solar supply chain—-by an
extraordinary margin. In 2024, China produced 93.2 per-
cent of the world’s polysilicon, 96.6 percent of wafers,
92.3 percent of photovoltaic (PV) cells, and 86.4 percent
of PV modules, as China Photovoltaic Industry Asso-
ciation (CPIA) data show. However, a new wave of crises
has once again swept through China’s solar industry,
manifesting in a phenomenon the Chinese government
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has termed “involution” (internal fierce competition) to
avoid the more politically charged concept of overcapac-
ity. This occurs alongside growing resistance to Chinese
firms “going global” (overseas expansion), as tightening
U.S. supply chain tariffs and EU diversified-origin rules
increasingly squeeze access to high-value markets.
China’s solar sector has been pushed into a fierce
price war as manufacturing capacity far outstrips global
demand. In 2024, the world had enough PV manufac-
turing capacity to produce more than twice the modules
actually installed, according to the International Energy
Agency. Much of this overshoot stems from China’s 2020
dual-carbon pledge, which spurred local governments

to shower the solar industry with land, tax, and financing
incentives—drawing in massive capital and triggering repet-
itive, low-quality investment. Since 2023, prices across the
solar value chain have collapsed: Module prices dropped
by half in 2023 and a further 25 percent in 2024, while
polysilicon prices plunged from RMB 230,000/ton to RMB
65,000/ton in 2023—over a 70 percent decline—followed by
another 40 percent drop in 2024, according to data from
CPIA annual reports. In 2025, PV product prices fluctuated
significantly, with wafers, cells, and modules remaining at
depressed levels. Despite CPIA’s efforts to promote indus-
try self-discipline and coordinate production to curb disor-
derly competition, price pressures have persisted.

Figure 1: Key Stages in the Main Manufacturing Process for Solar PV
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Source: Power Transformation Lab; author’s illustration.

The European Union is weaving a complex web of institu-
tional hurdles focused on supply chain resilience and carbon
transparency. The Foreign Subsidies Regulation already
acts as a selective filter, triggering Chinese withdrawals from
some major tenders, while the Net-Zero Industry Act man-
dates domestic manufacturing targets and caps single-source
procurement at 50 percent—though member states retain
leeway to bypass these rules for cost reasons. Furthermore,
the proposed Industrial Accelerator Act seeks to cement
these targets by streamlining permitting and creating “Indus-
trial Acceleration Zones” to fast-track domestic clean-tech pro-
duction. Additionally, while the Carbon Border Adjustment
Mechanism does not directly tax PV modules, it imposes
administrative burdens and indirect costs via carbon report-
ing for aluminum and steel components, gradually eroding
Chinese exporters’ price advantage.

Unlike Europe’s attempt to balance trade with domes-
tic growth, the United States has moved toward a more
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restrictive environment for Chinese solar products. While
Section 301 imposes 50 percent tariffs, the actual exclu-
sion is driven by anti-circumvention rulings that target
Chinese-affiliated production in Southeast Asia and the
Uyghur Forced Labor Prevention Act, which detains
shipments at the border over supply chain compliance.
These combined measures have effectively decoupled the
U.S. market from the Chinese supply chain.

Facing a new downturn, China’s solar industry is
reshaping its export strategy. Chinese exports have faced
a rising wave of tariffs and other nontariff barriers due to
concerns over dumping and unfair competition in multi-
pleregions that are trying to develop their own industries.
Total export value fell noticeably, yet monthly shipments
remain sizable at the billion-dollar level. Even as trade
barriers rise, export capacity keeps expanding, with
firms diversifying into new markets to navigate the shift-
ing global landscape. Initially driven by U.S. tariffs, the
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Figure 2: China’s Solar PV Export Value and Capacity (Wafer, Cell, and Module), 2017-2025
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Source: General Administration of Customs of the People's Republic of China (GACC), Ember.

Note: Monthly export value data comes from GACC. Monthly export capacity data is calculated by Ember. European Union refers to the 27

member states; ASEAN comprises the 10 Southeast Asian member states.

Figure 3: China’s PV Cell and PV Module Export Value: Destination Share (2022 vs. 2025)
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Note: European Union refers to the 27 member states; ASEAN comprises the 10 Southeast Asian member states.
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shift toward exporting intermediate products like wafers
and cells—rather than targeted modules—may now help
Chinese firms meet the European Union’s diversification
requirements as U.S. restrictions on Southeast Asia inten-
sify. At the same time, export destinations are diversify-
ing: For PV cells, the Asia-Pacific region has become the
main export market; for PV modules, the European Union
remains the largest market by value, though its share is
declining, while Asia-Pacific and Middle Eastern countries
are rapidly absorbing a growing portion of demand.
Beyond trade, China has been extending its global value
chain through overseas investment and manufacturing—
potentially helping firms meet the European Union’s diver-
sified origin requirements. Facilities in Indonesia, Vietnam,
Malaysia, Saudi Arabia, and beyond help reposition in
changing tariff environments, foster local employment,
and position Chinese firms not merely as suppliers, but
as builders and operators of complete solar ecosystems,
embedding themselves deeper into regional markets.

FROM FAST FOLLOWER TO
FRONTIER INNOVATOR

In 2004, the global solar patent filing landscape was led
by Japan (43.0 percent), with China holding only a minor

13.0 percent share. Just two decades later, the picture looks
markedly different: China’s share of global patent applica-
tions has surged, reaching around 65.0 percent by 2024,
according to CPIA’s 2024-2025 China PV Industry Annual
Report. This dramatic transformation underscores how the
transfer of the global PV manufacturing hub successfully
propelled China into its role as the primary engine for tech-
nological advancement in the global solar industry.

China was initially a follower when first-generation solar
technologies emerged. By leveraging innovations in manu-
facturing processes, it steadily boosted conversion efficiency
while sharply cutting costs. China’s innovation cycles far out-
pace the rest of the global solar sector, rapidly advancing
across first-generation sub-technologies—and the pace of
turnover continues to accelerate. Within less than a decade,
China progressed from relying on traditional c-Si (BSF) cells
to deploying large-scale improved c-Si (PERC) cells, and more
recently has been moving toward the widespread adoption
of advanced c-Si (TOPCon) technologies, which grew from 8
percent to 70 percent of the market in just three years.

Chinese solar firms have reached an average conver-
sion efficiency (the proportion of sunlight converted into
electricity) of mass-produced n-type TOPCon cells of 25.4
percent by 2024, up from 21.8 percent for PERC cells in

Figure 4: Market Share for PV Cell Sub-Technologies in China, 2018-2024
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Note: N-type sub-technology data before 2022 is estimated by the authors based on CPIA’'s aggregate totals, as official breakdowns were

unavailable due to low market volume.
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Figure 5: Valid Invention Patents in the Solar Sector Across Major Chinese Provinces, 2003-2023
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2018, as CPIA data show. Over the same period, U.S. First
Solar concentrated on thin-film CdTe technology, upgrad-
ing from Series 6 to Series 7 modules, with conversion effi-
ciency rising from roughly 18 percent to 20 percent.

China strategically chose to forgo large-scale develop-
ment of second-generation thin-film solar technologies.
Thin-film cells, such as CdTe and CIGS, suffer from lower
efficiency and higher production costs compared with crys-
talline silicon, making them less competitive in the mass
market. By contrast, China’s focus on c-Si technologies,
especially as silicon prices have remained low, has allowed
rapid scale-up and global market dominance.

Today, China is leading in third-generation solar tech-
nologies, particularly perovskite and tandem cells, position-
ing itself at the forefront of next-generation photovoltaics.
According to the National Renewable Energy Laboratory’s
January 2026 PV Best Research-Cell Efficiency Chart,
LONGiI Green Energy holds the world record for the highest
conversion efficiency in perovskite/silicon tandem tech-
nology, achieving 34.85 percent. Meanwhile, the Nanjing
University/Renshine collaboration holds the world record
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for the highest conversion efficiency in perovskite tandem
technology, achieving 30.1 percent. Hybrid designs inte-
grating perovskite with silicon systems point to a clear path
for next-generation, high-efficiency solar deployment.

China’s solar innovation operates on three intertwined
layers. The central government sets strategy, funds R&D,
and provides tax and subsidy incentives. Provincial author-
ities reinforce this with local development plans, land and
tax perks, and targeted innovation funds. Guangdong
backs perovskite and tandem cells, Zhejiang pushes higher
module efficiency, Jiangsu and Anhui offer high-tech man-
ufacturing subsidies, and Shanghai and Beijing support
research-intensive pilot projects. Market actors—policy
banks, industrial funds, and leading firms—inject capital,
drive technology, and collaborate with research institutes,
creating a self-reinforcing system that keeps China at the
forefront of solar technology.

Provinces with robust industrial infrastructure and deep
talent pools have emerged as focal points of technological
leadership. Over the past two decades, the majority of valid
invention patents (active patents protecting novel techni-
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cal inventions) in China’s solar industry has been clustered
in manufacturing centers such as Jiangsu, Zhejiang, and
Anhui, as well as in talent-rich and research-intensive major
hubs like Guangdong, Beijing, and Shanghai. These man-
ufacturing centers are not only high-capacity production
sites but also innovation engines, generating local ecosys-
tems that complement the breakthroughs coming from
major city research labs.

Chinese firms, most of them private, are the core driving
force of PV innovation, accounting for over 75 percent of
China’s total patent applications in the solar sector. The
intense market volatility has exacerbated the technological
arms race among solar firms, consequently reshaping the
competitive landscape of the solar market. Leading Chi-
nese solar firms are pursuing vertical integration, extend-

ing technological advantages and patent coverage across
the industry’s core segments—including wafers, cells, and
modules—as exemplified by JinkoSolar, Trina Solar, LONGi
Green Energy, and JA Solar. Mid-tier players are also grow-
ing in size and importance, concentrating their resources
on innovation within a single link of the value chain; for
instance, Sungrow focuses exclusively on inverters, while
Xinte Energy specializes solely in polysilicon.

RESHAPING THE GLOBAL
COMPETITIVE ORDER

Despite mounting pressures—from tightening domestic
margins to rising trade barriers abroad—China’s position
at the center of the global solar ecosystem remains largely
intact. To navigate these shocks, Chinese firms have not

Figure 6: The Patent Race and Value Chain Placement of Chinese Solar Firms
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only shifted export strategies and expanded into emerging
markets, but have also embedded themselves deeper in
global value chains, and secured an innovation edge that is
reshaping the industry’s future trajectory.

Chinese regulators have taken a series of forceful mea-
sures to accelerate this process by driving market consol-
idation, tightening industry oversight, and strengthening
enforcement against intellectual property (IP) infringe-
ment. In mid-2025, a strategic acquisition fund was planned
to acquire and retire roughly one-third of the industry’s
low-efficiency polysilicon capacity. By December 2025, the
platform was formally established with an RMB 3 billion
capital base, backed by major upstream solar producers
and the industry association. Concurrently, the Ministry
of Industry and Information Technology (MIIT) intensified
efforts by issuing the 2025 Annual Polysilicon Industry
Special Energy Saving Supervision Task List in August
2025, targeting 41 companies for strict energy efficiency
inspections. This was followed in late 2025 by a joint ini-
tiative from the National Intellectual Property Admin-
istration and MIIT to crack down on IP infringement
through export bans and exclusion from state-owned util-
ity procurement, shifting competition toward technolog-
ical innovation.

The heightened price pressure has pushed global PV
module prices to historic lows—often dipping below the
1 RMB/watt mark—making it economically difficult for
non-Chinese manufacturers to compete on cost. Conse-
quently, local solar manufacturers across Europe, India,
and the United States, whose products are often 50 percent
to 100 percent more expensive than imports, are grappling
with severe financial losses and bankruptcy risk despite
receiving government subsidies. Norwegian Crystals, a
crucial silicon ingot supplier, officially declared bankruptcy
in late 2023 due to unsustainable price pressure. Following
this, Swiss-based solar firm Meyer Burger closed its main
German factory in 2024, and despite its strategic shift to the
U.S. market, it ultimately closed its U.S. plant and filed for
bankruptcy in 2025.

The intense “involution” within China’s solar sector
has simultaneously amplified global supply chain risk by
cementing its near-absolute monopoly in the upstream
segments—polysilicon, wafers, and cells. As a result,
non-Chinese manufacturers globally remain heavily reli-
ant on China for cost-competitive upstream materials, hin-
dering their efforts to build localized supply chains. The

U.S. domestic module manufacturing capacity grew from
14.5 gigawatts in 2023 to surpass 50 gigawatts in early
2025, yet wafers and cells still rely mostly on imports. This
reliance exposes international developers to significant
policy uncertainty and escalating compliance costs. In
Europe, this manifests as intensified regulatory pressure
for supply chain localization, alongside a slowdown in
deployment as domestic constraints and cooling demand
begin to outpace the influx of Chinese exports. In the
United States, the challenge is compounded by a projected
fall in demand due to the repeal of the Inflation Reduction
Act and a generally anti-renewable federal stance.

This dynamic creates a significant technology gap chal-
lenge: Chinese firms are rapidly accelerating their transi-
tion to advanced N-type (such as TOPCon, HJT, and BC)
and next-generation technologies at a scale and speed
unmatched by international competitors. Consequently,
global counterparts find that even when their products
meet local manufacturing standards, their component
efficiency and performance often lag behind China’s
latest-generation offerings, leaving them vulnerable to
technological obsolescence and market marginalization.

For global solar competitors, the key to success lies
not in engaging in a price war, but rather in establishing
unique competitive advantages through localization, tech-
nological differentiation, supply chain resilience, and the
effective utilization of policy incentives. In certain con-
texts, global suppliers may find that collaboration with
Chinese partners—rather than direct competition—helps
local firms accelerate to the competitive frontier, with spill-
over benefits for emerging technology pathways. Compet-
ing head-to-head with Chinese suppliers through industry
supports and high trade barriers can lead to a protected yet
globally uncompetitive industry.

POLICY OPTIONS FOR THE U.S.
SOLAR INDUSTRY

m Strategically leapfrog while protecting IP.
Full localization of current-generation solar tech-
nologies remains infeasible in the near-term due
to upstream dependencies, and it is not necessar-
ily optimal for the sector’s continued growth. U.S.
industrial policy should prioritize next-generation
solar technologies where there are no established
supply chains. While Chinese firms now lead in per-
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ovskite tandems and current-generation architec-
tures such as TOPCon and HJT, U.S. support should
prioritize “beyond-tandem” innovations. This can
include funding high-risk materials research and
creating an IP clearinghouse to help domestic firms
navigate Chinese-dominated patent landscapes.

Leverage investment and technology part-
nerships with global leaders for enhanced
spillover benefits.

Tariffs, on their own, have had limited impact on
the growth and technological advancement of the
U.S. solar industry. Instead, with robust demand
signals and targeted manufacturing supports, glob-
ally leading firms have been eager to invest (through
wholly owned and joint ventures) in the United
States and develop local workforces. Innovation
capabilities will arise when regional ecosystems
around manufacturing and talent-rich hubs begin
to develop—a process that can be accelerated by
leveraging more technology and know-how transfer
from abroad. Furthermore, advanced manufactur-
ing in first generation can still generate spillovers to
third-generation technologies. To ensure attractive-
ness of these ventures, a credible, long-term com-
mitment to stable policy is important.

De-risk supply chain dependencies through cal-
ibrated diversification strategies.

Efforts to diversify should be based on an evaluation
of dependencies as well as risks to healthy sector
growth. Federal incentives can phase in tiered
supply-chain requirements through a pragmatic

Cover Photo: CN-STR / AFP via Getty Images) / China OUT

“China + 1” sourcing strategy for critical compo-
nents. However, indiscriminate subsidies and setting
minimum “non-China” thresholds across the entire
chain may miss the mark and inadvertently ham-
string local firms’ race to the global frontier. For-
eign Entity of Concern and Material Assistance
Cost Ratio requirements for domestic sourcing
should allow for flexibility and target key bottlenecks
only. At the same time, coordinated state and federal
policies must address non-module bottlenecks—
particularly balance-of-system costs such as labor
shortages, permitting delays, and grid constraints—
which now dominate project economics. B
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