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EXECUTIVE S UMMARY

The global solar photovoltaic (PV) market was valued at
approximately USD $368-503 billion in 2025, projected to grow at
a CAGR of 8.1-14.6% through 2034 — potentially reaching $1.49
trillion by decade's end. The defining catalyst is no longer only
economics or climate policy. It is national security. The 2022 Russian
invasion of Ukraine, the 2026 Middle East conflict that drove oill
prices more than 30% higher overnight, and the demonstrated
fragility of fossil fuel supply chains have permanently reframed solar
not as an energy alternative — but as an energy sovereignty
imperative.

Asia-Pacific commands 55.9% of global solar market share, led by
China's extraordinary 278.9 GW of new capacity in 2025 alone.
The United States is deploying 43.4 GW of utility-scale solar in
2026 — a 60% year-on-year increase. GrowthPhases identifies solar
PV manufacturers, tracker companies, and storage integrators as
among the most structurally compelling investment opportunities of
the decade.

GLOBAL MARKET SIZE 2025 MARKET GROWTH TO 2034 CHINA NEW CAPACITY 2025
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SOLAR POWER MARKET: FROM CLEAN ENERGY TO
ENERGY SECURITY

Energy has always been power — in the literal and geopolitical sense. For generations, the nations that
controlled oil and gas reserves controlled the terms of global commerce and security. That arrangement is
unraveling with remarkable speed, and solar photovoltaic (PV) technology is at the center of its replacement.

The catalyst is no longer simply economics or environmental policy, though both are powerful forces. The
defining accelerant of 2024—-2026 is something more visceral: fear. The 2022 Russian invasion of Ukraine
shattered Europe's assumption that energy supply from hostile nations was a manageable business risk. In
2026, Middle East conflict caused global oil prices to surge more than 30% within days and European natural
gas benchmarks to nearly double — making solar deployment not merely a climate strategy but a defense
imperative — a form of energy sovereignty that reduces exposure to price shocks no treaty can fully protect
against.

The global solar PV market was valued at approximately USD $368-503 billion in 2025, projected to grow at
a CAGR of 8.1-14.6% through 2034. China alone added 278.9 GW of new solar capacity in 2025. The U.S.

is on track for 43.4 GW of utility-scale solar in 2026 — a 60% increase over 2025's record. Europe's solar
fleet delivered 19.9 TWh in a single crisis week, saving more than €110 million per day in avoided gas costs.

The story is no longer about whether solar wins. It is about how fast, who wins it, and what it means
for the nations and companies that move with the urgency the moment demands.

THE GLOBAL MARKET: SCALE, STRUCTURE, AND SPEED

North America

North America commands between 9.8% and 30% of the global market in 2025. The U.S. Inflation Reduction
Act (IRA) of 2022 fundamentally restructured the economics of domestic solar manufacturing and deployment.
The EIA projects 43.4 GW of utility-scale solar coming online in 2026 alongside 24.3 GW of new battery
storage — creating a rapidly growing dispatchable domestic energy fleet.

Asia-Pacific

Asia-Pacific dominates global solar at 55.9% of global market share. VValued at USD $481 billion in 2025
and projected to reach $4.74 trillion by 2035 (CAGR 25.7%). China added 278.9 GW in 2025 alone; India
contributed 31 GW; Japan added 6.5 GW.

Western Europe

The EU installed 65.1 GW of new solar PV in 2025. The market was valued at USD $55 billion in 2025,
projected to reach $185 billion by 2034 (CAGR ~25%). Nearly 60% of EU energy still comes from imported
fossil fuels — making solar a security imperative at the European Council level.

Key 2025 Data & Trajectory

North America 9.8-30% global share; 43.4 GW U.S. utility solar in 2026 (+60% YoY); IRA driving domestic
manufacturing buildout; 24.3 GW battery storage adding alongside

Asia-Pacific 55.9% global share; USD $481B (2025) — $4.74T (2035); China 278.9 GW added; India 31
GW; Japan 6.5 GW; CAGR 25.7%

Western Europe USD $55B (2025) — $185B (2034); 65.1 GW installed 2025; 60% of EU energy from imported
fossil fuels; energy security now primary driver
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WESTERN EUROPE: COUNTRIES IN FOCUS

Germany: The Anchor Market

Germany remains the largest solar market in the EU by installed base. Its target of 215 GW of installed solar
by 2030 represents a doubling of current capacity. The EEG feed-in tariff provides €0.0786—€0.1247/kWh.
SMA Solar Technology (XETRA: S92), headquartered in Kassel, remains Europe's most important solar
inverter and energy management company.

Strengths: Unparalleled industrial base; grid infrastructure excellence; accelerating permitting reform.
Challenges: Residential solar contraction; negative pricing during peak solar hours; post-2025 political
uncertainty.

Spain: The Sun Belt Champion

Spain possesses the best solar irradiance in continental Europe (1,700—2,100 kWh/m? annually). Its National
Energy and Climate Plan targets 160 GW of installed renewables by 2030. Iberdrola (NYSE: IBE) and
Acciona (BME: ANA) are two of the world's largest renewable energy developers, headquartered in Spain
with global portfolios.

Strengths: Exceptional solar resource; strong corporate PPA demand; expanding grid capacity. Challenges:
Negative price hours during peak solar periods; transmission investment must match capacity targets.

Italy: Resilience After Support Withdrawal

With irradiance of 1,200—1,900 kWh/m? and retail electricity prices above €0.28/kWh, behind-the-meter solar
is compelling without subsidies. Italy's Comunita Energetiche Rinnovabili (CER) — renewable energy
communities — are attracting significant developer interest as a next-generation vehicle.

Strengths: Industrial north has strong PPA appetite; Mediterranean south offers world-class utility-scale
irradiance. Challenges: Grid connection delays and permitting bureaucracy remain persistent barriers.

ASIA-PACIFIC: COUNTRIES IN FOCUS

China: The Manufacturing and Deployment Superpower

China controls 80%+ of global module production capacity while simultaneously leading deployment (278.9
GW in 2025) and technology development. LONGi's perovskite-silicon tandem cell achieved 33.9%
efficiency in laboratory conditions — previewing the next generation of commercial module performance.

Strengths: Unmatched manufacturing scale; vertical integration from polysilicon through module; state policy
alignment; cost advantages no competitor can replicate in the near term. Challenges: Overcapacity
compresses margins; Western market access constrained by tariffs; geopolitical positioning creates market
risk.

India: The Rising Challenger

India added 31 GW of new solar capacity in 2025, ranking second globally. India imports more than 80% of
its crude oil — solar is framed by the Modi government as an economic sovereignty imperative, reducing the
~$100B+ annual fossil fuel import bill.

Strengths: World-class irradiance in Rajasthan, Gujarat, and Tamil Nadu; large government auction volumes.
Challenges: Transmission infrastructure constraints; domestic manufacturing still scaling; elevated financing
costs.

Japan and South Korea: Strategic Importers Becoming Energy Architects

Japan (6.5 GW added in 2025) and South Korea both have near-total fossil fuel import dependence and Net-
Zero 2050 mandates. Japan's geography drives innovation in floating solar, agri-PV, and BIPV. Hanwha Q
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Cells (Nasdaq: HQCL) — with manufacturing in Jincheon, South Korea and Dalton/Cartersville, Georgia —
is one of the most globally significant non-Chinese solar manufacturers.

COMPANIES LEADING IN THE GLOBAL SOLAR MARKET

Company / Ticker Headquarters & Manufacturing Strengths & Weaknesses

LONGi Green
Energy SHSE:
601012

JinkoSolar NYSE:
JKS

Trina Solar SHSE:
688599

JA Solar SHSE:
002459

Canadian Solar
Nasdaq: CSIQ

First Solar Nasdaq:

FSLR

Hanwha Q Cells
Nasdaq: HQCL

HQ: Xi'an, China Mfg: 8 Chinese
provinces + Vietnam, Malaysia

HQ: Shanghai, China Mfg: China,
Vietnam, India, Malaysia, USA (TX)

HQ: Changzhou, China Mfg: China;
Wilmer, TX ($200M, 5GW)

HQ: Shanghai, China Mfg: China,
Vietnam, India; U.S. via American
Panel Solutions

HQ: Guelph, Ontario, Canada Mfg:
Mesquite TX + Jeffersonville IN (CS
PowerTech JV 75.1%)

HQ: Tempe, AZ, USA Mfg:
Perrysburg OH + Jeffersonville IN
(~14 GW U.S. capacity by 2026)

HQ: Jincheon, South Korea Mfg:
South Korea + Dalton & Cartersville,
GA (IRA-eligible)

A World's largest solar co.; HPBC 2.0 tech; 33.9%
perovskite-silicon tandem record V¥ Tariff exposure in
Western markets; overcapacity margin pressure

A Broadest global footprint; Tiger Neo TOPCon
benchmark; IRA-eligible U.S. mfg ¥ Anti-circumvention
tariff risk; intense margin competition

A World's first commercial perovskite-silicon tandem
module (808W, Mar 2025); large U.S. commitment ¥
Texas plant ramping; similar EU trade constraints

A Co-leader quality score 91.7 (Wood Mackenzie H1
2025); DeepBlue TOPCon traction globally ¥ Less
differentiated Western brand vs. Jinko

A Dual manufacturer + developer (Recurrent Energy
$3.1B backlog); Tier 1 PV + BESS rated ¥ Cell supply
constraints in 2026 transition; complex structure

A Zero China supply chain — strategic moat; $15.0B
contracted backlog (50.1 GW); maximum IRA benefit ¥
CdTe efficiency below best HJT; narrower global reach
by design

A Non-Chinese ownership — trust advantage in
Western markets; HJT technology investment; strong
quality metrics ¥ Higher cost structure vs. Chinese
peers

TRACKER TECHNOLOGY: UNLOCKING EVERY PHOTON

Solar trackers deliver 20—-35% more energy output than fixed-tilt systems at competitive incremental cost.
They are now standard for utility-scale solar globally, and are a key area of technology investment and M&A

activity.

Company / Ticker Key Facts Products & Technology

Nextpower (fka

Nextracker) Nasdagq:
NXT HQ: Fremont, CA

Array Technologies
Nasdaq: ARRY HQ:

Albuquerque, NM

#1 global tracker share 10
consecutive years; 150 GW
shipped; FY2025 revenue $3.4B
TTM; FY2030 target $4.8-5.6B

#2 global tracker; 35% volume
growth in 2025; record $2.2B
orderbook

TrueCapture Al: +2—6% incremental energy above
standard tracking Acquisitions: Bentek (eBOS, May
2025); Origami Solar ($53M, Sept 2025); APA Solar
Nextpower Arabia JV targets Saudi Arabia's 130 GW
renewable build

DuraTrack D2S: passive wind stow; terrain-adaptive
dual-row design; SmarTrack® control Acquired APA
Solar — enables turnkey tracker-and-foundation delivery
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TECHNOLOGY FRONTIERS

Technology Status & Key Data

TOPCon (Tunnel Oxide
Passivated Contact)

HJT (Heterojunction
Technology)

Perovskite-Silicon
Tandem

BIPV / Transparent Solar

Mass-production standard; 22.5-24.5% efficiency; lab records >25%. Replaced PERC as
dominant utility-scale architecture in 2025. Led by JinkoSolar and LONGi.

Current efficiency frontier: 24—26% in production. Lower temperature coefficient; bifaciality
up to 95% (vs. 80-85% for TOPCon). Performance advantage in high-irradiance utility and
rooftop projects.

Lab records: LONGI 33.9%, KAUST 33.7%. First commercial-scale module: TrinaSolar
808W (March 2025). Oxford PV 24.5% in production test. Gigawatt-scale manufacturing
expected 2026—-2027.

Market growing at 21-24% annually; valued at $25-33B in 2025. Semi-transparent panels
capture UV/infrared while transmitting visible light. Record light utilization efficiency 6.05%
(ST-OPV, 2025). Every commercial glass surface becomes a generation asset.

ENERGY STORAGE: THE ENABLING TECHNOLOGY

The U.S. added 15 GW of utility-scale battery storage in 2025 — a record — and plans 24.3 GW in 2026.
Globally, 49.4 GW / 136.5 GWh of grid-scale battery storage came online in the first nine months of 2025 —
a 36% YoY increase in gigawatt-hours.

Technology Advancement & Significance

Lithium Iron Phosphate
(LFP)

Silicon Anode

Solid-State Batteries

Solar-Plus-Storage
Economics

Dominant grid-scale chemistry; 3,000—-10,000+ cycle life; dramatically reduced cost per
cycle; enhanced thermal safety. Standard for solar-plus-storage projects globally.

Replaces graphite with silicon in lithium cells — increases storage capacity up to 40%.
Production qualification expected 2026—2027. Will drive next step-change in storage
economics.

Advancing through pilot scale at Toyota/Panasonic (Japan), Samsung SDI/LG Energy
Solution (South Korea), CATL/BYD (China). Promise: significantly higher energy density and
safety vs. liquid-electrolyte cells.

Now competitive with peaker gas plants in California, Texas, Australia, and parts of Europe
— without subsidies. Crossover spreading globally, making solar a fully dispatchable
baseload-replacement option.

MAJOR ACQUISITIONS, CONTRACTS, AND STRATEGIC

MOVES

Transaction / Event Details & Strategic Significance

First Solar $15B Contracted
Backlog

50.1 GW contracted at ~$15.0B (year-end 2025). Most extensive forward-contracted
position of any solar manufacturer; reflects developer prioritization of U.S. origin and
China-free supply chain.
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Transaction / Event Details & Strategic Significance

Trina Solar Texas $200M investment in 5 GW module plant, Wilmer, TX; polysilicon from U.S. and

Manufacturing ($200M) European suppliers. One of the largest Chinese manufacturer commitments to domestic
U.S. production.

Nextpower / Bentek Corp. Expands Nextpower from mechanical tracking into electrical balance-of-system (eBOS).

(May 2025) Targets significant installation cost reduction at utility scale.

Nextpower / Origami Solar Roll-formed steel-frame technology enables faster, lower-cost tracker foundation

($53M, Sept 2025) installation. Directly addresses labor cost concerns in high-wage markets.

Array Technologies / APA Creates fully integrated tracker-and-foundation solution. Enabled 35% volume growth in

Solar 2025 and $2.2B record orderbook.

Canadian Solar CS 75.1% U.S. manufacturing entity maximizes IRA incentive capture including Advanced

PowerTech JV Manufacturing Production Tax Credit up to $0.07/W for modules.

GROWTHPHASES PERSPECTIVE: ENERGY SOVEREIGNTY
AS AN INVESTMENT IMPERATIVE

GrowthPhases has identified alternative energy manufacturing — and solar photovoltaics in particular — as a
sector positioned for an extraordinary acceleration in growth that the broader investment community has not
yet fully priced.

Why the Structural Forces Are Permanent

The geopolitical awakening is permanent. Russia's Ukraine invasion, the 2026 Middle East
conflict and its immediate 30%+ oil price spike, and the demonstrated economic devastation of
energy dependence are not temporary disruptions — they are defining experiences that have
permanently altered how governments, corporations, and consumers evaluate energy sourcing.

The economics have crossed the threshold. Solar electricity is now the cheapest source of new
generating capacity in the history of electricity generation — in essentially every major market
globally. When a technology is cheapest AND delivers strategic independence from unstable foreign
suppliers, adoption is self-reinforcing.

The storage enablement is arriving. The last structural barrier to full solar penetration — inability
to generate at night or during cloudy periods — is being dissolved by battery technology whose cost
has fallen 90%+ since 2010 and continues to fall.

Manufacturing buildout generates compounding advantages. Every gigawatt of module
manufacturing capacity added generates learning curve economies that reduce the cost of the next
gigawatt. Companies investing in manufacturing scale today are building structural advantages that
will define competitive positioning for the next decade.

The manufacturers, project developers, tracker companies, and storage integrators who are

deepening their capabilities now — in technology, geography, supply chain control, and project
execution — are building moats in one of the most consequential industrial transitions of the 21st
century.
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GrowthPhases® Expertise in the Energy Transition

The solar energy transition is a systems problem, not merely a technology problem. Deploying photovoltaic
capacity at the scale required to achieve energy sovereignty requires expertise that spans the full stack —
from module selection and tracker design, through grid interconnection and electrical distribution, to the control
software and operational intelligence that optimize generation, storage, and delivery in real time.

GrowthPhases brings precisely this integrated expertise to the solar energy transition:

+ Solar technology assessment — evaluating module manufacturers and cell technologies from
commodity TOPCon modules to frontier perovskite-silicon tandem systems, tracker configurations,
and BIPV applications

* Electrical grid and distribution expertise — transmission and distribution infrastructure
requirements of high-penetration solar, including grid interconnection, power quality, and grid
stability

» Electrical distribution systems — balance-of-system electrical architecture: inverters, eBOS
configurations, substation design, and distribution-level infrastructure connecting generation to load

+ Control and software systems — SCADA, energy management software, predictive analytics, and
Al-driven optimization platforms that transform solar assets into intelligent, grid-responsive
dispatchable power resources
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