": '-;°
(] .'.’,-'... INTERNATIONAL @y ..'." CEO
O
L

- 299,

S B °® 0" %e SOLAR h Kol

] @ @

£ fogy. goadd ALbiANCE %05 CAUCUS
‘e . * ° . L

® . '. @e 6 ,ﬂ; INTERNATIONAL SOLAR ALLIANCE

it 5059 ‘& e [

Unlocking
S0iadr Fotlential

A Case for Private Sector Leadership







Table of contents

Foreword
Acknowledgements
1. About the CEO Caucus
2. Background
3. Progress, experiences and challenges
3.1 Manufacturing
3.2 Technology
3.3 Financing
3.4 Strategic enablers
4. Way Forward
4. Cross-sectoral policy support for unlocking the solar potential in low-income countries
4.2. Building institutional frameworks and regulatory transparency
4.3. Developing the workforce needed for future solar energy growth
4.4, Enhancing grid infrastructure for enabling RE integration
4.5. Multi-faceted approach to mobilize required investments
4.6. Advancing ESG compliance and transparency in solar supply chains
4.7. Forward-looking policies to lead and support the industry
4.8. Supporting R&D for technological advances

4.9. International collaboration for addressing barriers

Annex l: List of Discussants.

References.

1

15

17

20

22

23

23

24

25

27

27

28

29

30

34



Foreword

To address the urgent need to triple global renewable energy
capacity by 2030, it is imperative that policies facilitate the
expansion of both grid-connected and decentralized solar
energy. However, achieving this requires a more diversified and
resilient global solar manufacturing supply chain, with a partic-
ular focus on fostering local manufacturing. Such efforts are
crucial for unlocking financing, driving technological innova-
tion, and enhancing solar-powered applications. The active
Dr. Ajay Mathur participation of the private sector is vital to scaling up domestic
Director General capacity. At the same time, governments play a pivotal role in
International Solar Alliance establishing robust local solar PV supply chains by identifying

domestic vulnerabilities, encouraging investments through financial and tax incentives, implement-
ing demand support policies for long-term sustainability, and promoting public-private partnerships.

While in high-income and emerging economies, there is growing private sector engagement and
participation in achieving clean energy goals—thanks to supportive policies, available financing
mechanisms, and reduced risks—lower-income countries face significant challenges in attracting
private investment to the solar sector. These challenges includethe absence of conducive policies for
solar deployment, a lack of procurement mechanisms, and limited involvement of financiers and
funders.

In response to these challenges, the International Solar Alliance (ISA) explored the solar manufactur-
ing landscape in 2023, through the report, "Building Resilient Global Solar PV Supply Chains,” and
through engagements with the Transforming Solar Supply Chains workstream of the Clean Energy
Ministerial, which underscored the importance of diversifying solar PV manufacturing capacity to
mitigate supply chain disruptions. To further explore these issues and gather insights from solar man-
ufacturers, developers, think tanks, and policymakers across various regions, the ISA initiated a series
of high-level consultations in June 2024. Under the "CEO Caucus” banner, leading CEOs and key
stakeholders engaged in discussions aimed at overcoming challenges and maximizing the potential
of the global solar industry. The ISA organized five roundtables, each focused on different economic
group-high-income, low-income, and emerging markets—across Asia, the USA, Europe, Africa, and
Australia. These sessions were designed to capture diverse perspectives from different regions, and
| am grateful to the vast range of discussants and advisors who took the time to provide us with their
invaluable insights.

The insights generated from these roundtables have been analyzed and synthesized into this report,
which presents a series of recommendations to promote solar manufacturing growth. The report
aims to spark dialogue among our member nations and international stakeholders on collaborative
strategies to enhance investment and capacity in solar production. | hope that this report will also
serve as a foundational resource for us as we deepen our engagement with the private sector, and
for discussions among policymakers, producers, and project developers as they work to build robust
solar production networks both domestically and globally.

//

Dr. Ajay Mathur
Director General
International Solar Alliance
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1. About CEO Caucus

What will it take for the private sector to spur the next quantum leap in boosting solar
development across the globe?

The private sector plays a pivotal role in driving global solar development and enabling
clean energy adoption and transition. Achieving the full potential of global solar deploy-
ment requires the private sector to innovate in financing, scale up investments, leverage
public-private partnerships, and advance technologies. Their involvement is key to scaling
projects, reducing costs, and overcoming market barriers, ultimately sparking the required
transformative leap in the solar industry worldwide. To enable the private sector, the public
sector plays a key role in developing a facilitative regulatory framework, mobilizing capital,
and forging strategic public-private partnerships.

To develop an understanding of these requirements from the private sector’s perspective,
the International Solar Alliance (ISA) sparked a series of high-level consultations across the
world under the rubric of the “CEO Caucus”, to deliberate on these crucial matters. The ISA
launched the CEO Caucus on June 6, 2024, as a consultative platform for industry leaders
to collaborate with other key stakeholders. Caucus meetings were aimed at identifying and
addressing challenges to accelerating solar deployment at scale to achieve Net Zero goals
by mid-century.

In a series of five roundtables held through 2023-2024, spanning Asia, USA, Europe, Africa,
and Australia, CEOs from top companies and other key stakeholders deliberated on the
obstacles to unlocking the full potential of this global solar industry.

° ‘Bottlenecks for Building the Global Solar Energy Sector’ - an inaugral virtual meeting
with a diverse range of stakeholders aimed at collating the issues, held on June 6, 2024

“Empowering Europe’s Solar Future: A Roadmap to Diversify, Innovate, and Sustain - a
meeting with European solar industry representatives held in Brussels, on June 13, 2024

‘Driving Solar Energy Revolution: Growth Insights for Global Impact’ - meeting in New
York on July 15, 2024

o Energizing Africa: Accelerating Development with Solar”- a virtual meeting with solar
industry relevant stakeholders from the Africa region, on August 5, 2024

“Solar Innovation & Manufacturing Resilience: Paving the Way for Australia’s Sustainable
Future” - a meeting with Australian industry stakeholders in Sydney, on August 14, 2024

See Annexure | for a full list of discussants.

In addition to the inputs from these consultations, ISA has synthesized information available
from other sources. This document serves as a distillation of those consultations and infor-
mation, to propose a way forward. This document examines the key areas of Manufacturing,
Technology, and Finance, which are supported by three strategic policy enablers: invest-
ment in essential infrastructure like grids, fostering institutional arrangements and collabo-
ration, and providing targeted incentives. Together, these elements signal a strong commit-
ment to policy support. The document captures valuable insights on critical challenges as
well as emerging opportunities to meet global energy demand, driven by energy access
goals and Net Zero targets, with solar energy.
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2. Background

Key opportunities for solar are manifold, with fast-growing potential. The trends indicate
that net expenditures on renewables, grids, and storage are estimated to surpass invest-
ments in oil, gas and coal. The ambitious target of tripling renewable capacity by 2030 pro-
vides a huge opportunity for the sector, with solar being at the forefront of the energy mix
of the future. According to the International Energy Agency (IEA), renewable energy (RE)
and electrification are poised to reduce approximately 75% of the energy-related CO2 emis-
sions by mid-century, solar is expected to be a leading resource in the RE mix - with almost
three-quarters of all renewable capacity built in 2023 being solar.

However, to achieve the ambitious goal of tripling renewable energy capacity by 2030, it is
necessary to add at least 600 GW of solar capacity annually. While the annual addition of
solar capacity is on a fast-growing trajectory, as evidenced by the addition of ~350 GW of
solar capacity in 2023, which was a significant jump from the 220 GW added in 2022, we are
currently falling short of this short-term target.

Fig.1: Global Annual Solar Capacity Additions (in GW)
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3. Progress, experiences
and challenges

COP28 established an ambitious target to triple renewable energy capacity by 2030, cata-
lyzing increased supply, demand, and activities worldwide. The private sector is instrumen-
tal in expanding solar deployment through advancements in manufacturing, technology,
and financing. Concurrently, governments are crucial in creating a supportive environment
by implementing stable policies, fostering institutional arrangements, and offering incen-
tives to facilitate growth. This section details these foundational pillars and enablers, draw-
ing on insights from roundtable discussions to summarize the progress, experiences, and
challenges faced in striving to meet these ambitious renewable energy goals.
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3.1. Manufacturing

While solar energy is gaining increasing traction globally, manufacturing remains predomi-
nantly concentrated in China, where its lead in production capacity continues to grow. While
the USA, EU, Australia and India are endeavoring to ramp up their capacities backed with
strong policy measures, Least Developed Countries (LDCs) like those in Africa are unable to
do so due to financial implications. Additionally, there is a pressing need to boost domestic
demand for solar and for workforce development and skill standardization to support this
expanding industry.

[ Unlocking Solar Potential: A Case for Private Sector Leadership E@ @



Roundtable discussions emphasized the adverse effects of concentrated solar manufactur-
ing on supply chain bottlenecks, particularly in regions like Africa. They highlighted the
need for diversification in the solar supply chain and recognized that nations vary in finan-
cial capability. Thus, identifying opportunities within existing supply chains rather than
reconstructing entire manufacturing ecosystems was deemed a more practical approach.

The ISA projects that between 700 and 1,900 MW of additional manufacturing capacity will
be needed annually by 2030, to meet the high solar deployment ambition. Despite this, the
solar PV industry remains highly concentrated. To meet installation targets and enhance
resilience through diversification within the global solar supply chains, other countries and
regions need to ramp up their manufacturing capabilities.

Fig.2: Solar PV manufacturing capacity by country and region, 2021 (in %)
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Source: IEA (2022), Solar PV manufacturing capacity by country and region, 2021.

Some of the key solar manufacturing- related challenges highlighted through the discus-
sions are listed below. Addressing these challenges presents significant opportunities for
developing a diversified and resilient global supply chain, which is able to catalyze a more
regionally balanced mobilization of investments for solar, regionally relevant innovations,
and accelerated sustainable energy development worldwide.

3.1.1. Need to diversify global solar manufacturing capacity

In 2024, global solar module manufacturing capacity is set to cross 1000 GW, which is well
over the current global demand. However, the production predominantly concentrated in
China, which accounts for nearly 80% of this capacity, with China also accounting for nearly
98% of the manufacturing capacity of wafers. Spurred by their new policies for expanding
domestic manufacturing capacity, the USA and India each contributed 5%, while Europe
accounted for merely 1%, with most of the remaining capacity being situated in the Asia
Pacific region.

S Unlocking Solar Potential: A Case for Private Sector Leadership AR 7]



China's strategic focus on solar PV, bolstered by industrial policies, has cultivated significant
economies of scale, positioning it as a global leader in solar energy. In 2023, the world
added over 420 GW of solar capacity, with China contributing around 80%. Its production
capacity, more than double the global installations, led to a 50% drop in solar panel prices
from December 2022. The high concentration of manufacturing in a single country can
severely impact the global supply chain, leading to bottlenecks. This was seen during the
COVID pandemic and again in 2022, when disruptions in China - including Shanghai lock-
downs, a factory fire in Xinjiang, and a drought in Sichuan, severely impacted polysilicon
production. These events drove spot prices of polysilicon to their highest levels in over a
decade, in August 2022.

This current glut in the market has proved to be a substantial challenge for countries
attempting to establish a domestic solar supply chain. Manufacturers emphasized the lack
of profitability in PV manufacturing with current market prices significantly below sustain-
able margins. Thus, it is crucial to establish conducive public policies that foster the devel-
opment of local manufacturing capabilities, based on the context of specific countries and
regions.

The landscape for domestic solar manufacturing is changing quickly due to new policies
from various countries. For example, the US has the Inflation Reduction Act (IRA), India has
its Production Linked Incentives (PLI) scheme, Australia has the Future Made in Australia
and Solar SunShot programs, and the EU has the Net-Zero Industry Act (NZIA). These poli-
cies are encouraging the development of new solar manufacturing facilities at home. The
IRA in the US, has a goal of providing over USD 60 billion to boost domestic clean energy
manufacturing by offering production tax credits to manufacturers and incentives to con-
sumers towards the goal of expanding its capacity to 50 GW annually by 2030. India’s PLI
scheme with an outlay of approximately USD 2.8 billion aims to achieve manufacturing
capacity of GW scale in High Efficiency Solar PV modules, thus reducing import depen-
dence in the area. At the same time, Australia’s SunShot targets an investment of 1 billion
AUD to bolster PV manufacturing capabilities. Such acts also include mandatory manufac-
turing requirements, including region of manufacturing, in public procurement of solar
modules, and are beginning to see ramping up of domestic manufacturing capabilities.

In the Africa discussion, it was noted that despite Africa holding 60% of the world's prime
solar resources, it only accounts for 1% of the installed solar PV capacity. The continent’s
growing energy needs and resulting solar demand are completely reliant on global supply
chains, posing economic risks and emphasizing the urgency of developing local manufac-
turing capabilities. The potential of solar manufacturing industry having beneficial impact
on ancillary industries - such as glass manufacturing and manufacturing of other compo-
nents required for installations, and the ensuing economic growth for developing countries
was also discussed.

In the EU, the Net-Zero Industry Act(NZIA), aims to ensure that the manufacturing capacity
for net-zero technologies reaches at least 40% of expected EU demand by 2030, providing
predictability and long-term signals to manufacturers and investors. While the policy’s
impacts are yet to fully set in, at the discussion in Brussels, the issue of the low cost of man-
ufacturing solar modules outside of the EU was highlighted, as it was making it difficult for
EU- based manufacturers to compete with the imported products, leading to closures and
consolidation in the sector.

A similar issue was highlighted in the discussion in Australia. Discussants made a nuanced
point on the need to embed national supply chains and supporting policies with the global
supply chains, to minimize redundancies and the global benefits from solar demand and
supply chains can be distributed across regions.



This would mean that countries focus on areas where they have expertise, resources and
capabilities - which in the Australian context could include an increased focus on process-
ing of certain critical minerals.

Another aspect of note for shoring manufacturing capabilities is import duties and related
taxes. According to an IEA assessment, global trade restrictions such as import duties on
solar PV supply chain components have escalated significantly, growing from a single tax in
2011 to 16 duties and import taxes by 2022, impacting 15% of the global demand outside of
China. In a recent move, South Africa imposed a10% import tariff on solar panels to support
local manufacturers, attract investment, and deepen the value chain. Such duties and taxes,
while helping to ramp up domestic capacities, must be balanced well, as they also increase
the cost of solar, and thus impact demand.

3.1.2. Role of demand as a catalyst for manufacturing capabilities
at scale

Large-scale manufacturing is critical in the solar PV industry, especially for capital-intensive
steps like polysilicon production or ingot and wafer manufacturing, where economies of
scale significantly drive competitiveness. Although domestic solar demand within or near a
country is not always necessary, as seen with Southeast Asian countries like Malaysia
exporting to distant markets like North America and Europe, it still provides substantial
benefits. Local demand lowers transport and logistics costs, reduces investment risks by
securing future sales, and amplifies the benefits of local content regulations. For certain
processes such as glass or plastic foil manufacturing, where competitiveness largely
depends on scale without much scope for differentiation, achieving large scale remains
crucial.

The inter-linked role of demand for solar in driving the manufacturing capacity additions is
an aspect to be accounted for while framing policy measures to support manufacturing. It
should be noted that the top three countries manufacturing solar modules are also the same
top three countries in terms of annual installations of solar PV. China has maintained its
leadership in the global PV market for a decade, installing approximately 55 GW in 2021,
doubling that to 106 GW in 2022, and in 2023, alone accounting for over half of all global
solar installations. The next two biggest markets are the US - with approximately 78 GW
added from 2021 to 2023, and India, with approximately 34 GW added in the period.

Increased solar deployment has been creating a virtuous cycle, with higher installation
volumes driving down manufacturing and installation costs, which in turn stimulate further
installations. Increased production capacity, coupled with high demand, has led to a
reduction in solar panel costs worldwide—costing 15 cents per watt in China, 22 cents in
India, 30 cents in Europe, and 40 cents in the USA. With falling solar prices, making solar the
cheapest source of energy in many markets, more and more countries are leveraging the
technology in their energy policies. According to Ember, the number of gigawatt-scale solar
markets grew to 28 countries in 2023, up from 21in 2022, with most being in EU and other
leading countries, but also including a few countries from Middle East and Latin America.

The challenge of demand being much below potential in developing economies in Africa
and other regions, largely due to lack of policy certainty and the resulting issue of inade-
quate signals being provided to the local private sector and investors, was highlighted.
Policy interventions are crucial in harnessing the potential of the solar industry, particularly
in achieving net-zero targets. National and international policies and regulatory frameworks
have significantly driven the industry’s recentt exponential growth by establishing



long-term solar capacity goals and fostering a stable investment climate that encourages
expansion across the solar value chain. Ambitious policies have catalyzed success; however,
the absence of specific solar deployment targets complicates the creation of a clear growth
roadmap, hindering industry progression.

Additionally, it was observed that most regions are experiencing higher growth in utili-
ty-scale solar projects compared to small and medium-scale projects, and the need for an
active policy intervention to raise demand for small-scale projects was advocated. This
brings to the forefront the need to design sectoral policy frameworks and regulations,
including building capacities of policymakers and regulators, for driving demand for clean
energy through applications such as solar mini-grids, solar rooftops, solar pumps, solar cold
chains, solar powered EV charging infrastructure, agri-PV, etc.

3.1.3. Standardizing and enhancing workforce skills for solar

The renewable energy sector faces a significant skills mismatch, exacerbated by insufficient
funding available for training workers, poor information dissemination, and narrow national
development initiatives. Small and medium-sized enterprises (SMEs), who form the bulk of
the industry in developing countries, struggle to provide tailored in-house training, unlike
larger organizations that can align their staff's technical skills with specific needs. With the
increasing ramping of solar manufacturing capacity and installations, the lack of trained
labor for solar PV manufacturing, and lack of requisite technical skills and experience in
installing solar PV, were cited as a challenge across the various discussions.

According to International Renewable Energy Agency (IRENA), solar PV is the fastest-grow-
ing sector in terms of employment. It currently employs about one-third of the workforce in
renewable energy and has significant potential for further growth. The NZIA recognizes that
a substantial skilled workforce is essential for manufacturing net-zero technologies. The Act
is introducing Net-Zero Industry Academies, which will create educational content for train-
ing providers across EU countries and develop credentials that enhance the mobility of
learners and ensure the transferability of qualifications across regulated professions. It is
estimated that by 2025, Europe will have more than a million solar workers, but the difficulty
is determining the specific areas of the skill gaps and filling them in order to guarantee that
every solar worker receives the requisite skill transfer.

In other regions too, the need for skilled workers and measures to develop this workforce is
recognized. Africa is predicted to have an exponential increase in jobs in the sector, with
North Africa having the potential to generate employment for 2.7 million in clean energy,
including solar. The implementation of India's net-zero goals has resulted in a notable
increase in job opportunities and demand for skilled workers in the solar power industry.
However, it has also brought to light a clear shortage of candidates possessing the requisite
technical skills and experience, which could potentially impede the expansion of solar proj-
ects. To fill this gap, India’s Skill Council for Green Jobs, India, estimates to skill T million
workers by 2030 and 10 million by 2047. Also, Australia’s renewable energy sector is pre-
dicted to need an extra 85,000 workers by 2030, of these around 40% will be in high-value
skill jobs that demand advanced degrees.



3.2. Technology

Solar PV stands at the forefront of renewable energy innovations, emerging as the most
economically viable option due to continuous advancements that have significantly
reduced cell production costs.

As the industry aims to meet ambitious global clean energy targets, collaboration across
various sectors is crucial. This includes leveraging advancements in highly efficient,
non-critical material-based cells like perovskite, and enhancing energy storage solutions to
manage the intermittent nature of solar power. Both industry-academia partnerships and
robust government policies - backed by financial support and cross-border collaborations,
play critical roles in fostering these technological advancements, ensuring solar power's
competitive edge against traditional energy sources globally.

3.2.1. R&D support for developing technologies for enhancing
solar supply chains

The solar industry is at a pivotal juncture with ambitious deployment targets and surging
demand, however, challenges stemming from upstream manufacturing and key technolo-
gies are being concentrated in the hands of a few. In the case of technology, this concentra-
tion is evident with 92% of solar-related patents being registered by just three countries,
between 2019 and 2022, hampering access for developing nations. Such concentration
restricts access for developing economies, creating barriers to their entry into advanced
solar manufacturing.
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Further, according to the IEA, 45% of the global equipment for solar PV manufacturing is
being imported from China which hosts the world’s top 10 manufacturing equipment suppli-
ers for Solar PV. Discussions highlighted that this situation puts the industry at high risk of
supply chain bottlenecks and price vulnerability. Therefore, diversification of the manufac-
turing equipment production is a necessary step that we need to address on the way to
diversify the supply chain. This effort requires international collaborations among nations
for technology sharing, increased R&D initiatives, coordinated efforts among stakeholders,
and supportive government policies.

R&D investment remains low in middle-income countries, with significant gaps in local parts
of the supply chain that need more focus, and inadequate financial support continues to
hinder academic research in photovoltaic (PV) technology. Economic fluctuations and
inconsistent government policies further complicate access to funding, stymying growth
despite active initiatives in countries such as Mexico, Turkey, Thailand, Chile, Argentina,
India, and Brazil to boost solar technology advancements. Additionally, the market for inno-
vative PV products remains limited, affecting the scalability of production facilities. The
need for greater collaboration between research institutions and industry is evident, espe-
cially as technological advancement in low-income areas, such as Ethiopia, faces significant
constraints due to resource shortages. This situation highlights the critical importance of
establishing global partnerships to provide necessary support for nations struggling to
advance in solar technology.

International collaboration is crucial for technology transfer and the deployment of efficient
technologies. Entities like the Fraunhofer Solar Centre have made significant strides with
various wafer technologies and concentrator photovoltaics achieving up to 30% efficiency.
Similarly, technological advancements in the US and Japan are pushing the boundaries of
solar capabilities, highlighting the importance of sustained global R&D efforts.

The private sector holds the potential to bridge this investment gap by funding innovative
technology development and commercialization through partnerships and other forms of
cooperation. Such efforts are essential for the global advancement of the solar sector,
ensuring more equitable and widespread benefits from solar energy deployment.

3.2.2. Potential of scaling mini-grids deployment

In many developing, remote, and island regions, reliance on diesel generators or primitive
sources is common. Transitioning to solar through decentralized grids, including micro and
mini grids, presents a more cost-effective solution, reducing reliance on diesel and enhanc-
ing sustainability. Political leaders are prioritizing renewable energy developments to
improve energy access and electrification rates, particularly in remote and underserved
areas. Renewable energy sources offer decentralized, off-grid solutions to bridge the
energy gap, and Africa is experiencing significant growth in renewable energy installations,
with solar PV projects, wind farms, and small-scale hydropower installations becoming more
common. Off-grid solar solutions, such as solar home systems and mini-grids, also play a
vital role in electrifying rural communities.



The World Bank identifies these mini -grids as crucial for electrifying rural areas. Examples
from Bangladesh, where community-based solar grids have transformed rural electrifica-
tion, and from Puerto Rico and Mexico, where government is deploying microgrids and bat-
tery systems to enhance resilience in disaster-prone areas, In Myanmar, mini-grids have
become a vital source of electricity, especially as large power installations become non-op-
erational due to political and economic disruptions. As of 2022, mini grids are set to bring
power to 35 million more people, primarily in Sub-Saharan Africa, contributing significantly
to global energy access, illustrating the transformative impact of tailored solar solutions.
This aligns with the UN'’s seventh Sustainable Development Goal (SDG7) to ensure universal
access to affordable, reliable, sustainable, and modern energy.

However, the expansion of these grids often faces hurdles due to their cost and design com-
plexities, which can impede rapid scaling. The private sector can play a key role, if they are
able to form feasible business models and channel finance efficiently to these small-scale
projects.

3.2.3. Technology challenges with grid integration

Traditional power grids, designed for centralized and stable energy sources, face challenges
adapting to the high penetration of variable and decentralized energy sources. As power
demands surge due to the electrification of heating and transport sectors, grids require sub-
stantial enhancements including expansion, modernization, and digitalization. However,
grid congestion is already delaying solar project developments in several countries. More-
over, the integration of solar PV with energy storage is becoming increasingly competitive,
with battery storage poised to rival conventional power sources like coal in India and China,
and gas in the US. However, the storage sector faces its own challenges, including high
costs, limited duration, resource scarcity, and integration issues with existing grids. To meet
COP28 goals and support Net Zero emissions pathways, battery capacity needs a sixfold
increase by 2030, with countries like India requiring up to 300 GW of storage to ensure grid
reliability and support renewable ambitions.

To address these challenges, promoting flexibility through hybrid solar projects, which
couple solar with energy storage or other renewable sources like wind, is essential. This
approach ensures a consistent power supply even when solar conditions are not optimal.
Additionally, enhancing grid flexibility can involve integrating grid-connected devices like
heat pumps and electric vehicles, and adjusting demand through initiatives like ‘time of use’
tariffs and ‘self-consumption’ schemes, shifting consumption to off-peak hours.

3.2.4. PV waste management programmes and technologies

As solar panels reach the end of their lifecycle, they pose a significant waste management
challenge if not properly recycled. These panels contain hazardous materials such as cadmi-
um, lead, and other toxic substances that, if improperly disposed of, can leach into soil and
groundwater, causing severe environmental damage. Effective PV waste management is
crucial not only for environmental protection but also for material recovery, and waste man-
agement in the solar industry hinges on achieving scale to ensure economic viability. PV
recycling and its role in the circular economy were key topics at several Caucus roundtables.
The goal is to meticulously separate valuable materials like silicon, silver, copper, and
aluminium which can be reclaimed, while structural components and glass can be separated
onsite and further processed at centralized facilities and also be infinitely recycled.



This approach not only supports a circular economy but also offers substantial economic
benefits by reintroducing recovered materials into the production cycle.

In high-income countries like Germany, the Waste Electrical and Electronic Equipment
(WEEE) Directive, mandates the recycling and recovery of photovoltaic waste. Similarly,
Switzerland's Federal Act on Electrical and Electronic Equipment ensures efficient recycling
practices. However, developing recycling systems in middle-income countries faces chal-
lenges due to high costs and less efficient processes, despite initiatives like Brazil's Green
Procurement National Solid Waste Policy and India’'s combined efforts under the National
Solar Mission and E-Waste Management Rules. These initiatives represent significant strides
in managing PV waste sustainably, ensuring that the solar energy industry remains environ-
mentally responsible as it expands.

However, in low-income nations such as Nigeria and Kenya, recycling infrastructure is mini-
mal, hindered by financial and logistical constraints. Due to the required scale to make it
feasible, countries cannot establish these standards independently, but must coordinate
with other nations. Developing global manufacturing standards poses a significant chal-
lenge, but the private sector sees potential in such programmes, and requires government
support to actualize them.



3.3. Financing

By the end of 2024, renewable energy investments are expected to reach USD 2 trillion, with
solar PV accounting for USD 500 billion of this total. This significant increase, which has
outpaced investments in fossil fuels since 2020, marks a decisive turn toward more sustain-
able sources of energy. Yet, this growth originates from a relatively low starting point and
continues to bypass many Least Developed Countries (LDCs), with only about 15% of these
investments projected to benefit Emerging Markets and Developing Economies (EMDEs)
outside of China.

The challenge is compounded by a 10% annual decline since 2015 in the number of
climate-responsive infrastructure projects funded by private capital in emerging mar-
kets—this at a time when a 30% annual increase is necessary to meet climate finance targets
by 2030. Such financial inequity, exacerbated by escalating financing costs, critically
hinders the development of EMDEs, despite the cost of solar PV declining markedly; IRENA
notes an 80% reduction in global solar PV capital expenditures and an 88% decrease in the
levelized cost of electricity from 2010 to 2021.

The concentration of global investment in renewable energy is also skewed, with over 70%
channeled into just five countries: China, the United States, Germany, India, and the United
Kingdom. While the shift toward low-carbon technologies is commendable, it is essential to
ensure that increases in capacity are equitably distributed to truly globalize the benefits of
renewable energy investments.
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3.3.1. Need for public incentives for mobilizing private finance at
scale for manufacturing

Establishing and expanding solar manufacturing units requires significant private capital,
especially in the form of seed capital. This investment is essential for covering high initial
costs, scaling production, addressing economic and environmental expenses, funding mar-
keting efforts, and maximizing government incentives. Continuous financial commitment
from private investors is crucial for the solar manufacturing sector to meet the rising global
demand for renewable energy. Such investments will play a pivotal role in driving the transi-
tion towards a sustainable, low-carbon economy worldwide.

Government support and incentives play a critical role in attracting private capital to the
solar manufacturing sector. The pivotal role of tax credits, low-interest long-term loans, and
backing for domestically produced solar equipment has been acknowledged across the
roundtable discussions. Such incentives not only make investments more attractive but also
reduce risks and contribute to the formation of a stable and predictable market environ-
ment, which is essential for long-term planning and investments.

The discussions also underscored a significant gap in the current financing capacities
required to meet the ambitious expansion goals of solar manufacturing in various countries.
The United States, aiming for a solar manufacturing capacity of 50 GW per year by 2030,
exemplifies the extensive capital needs for scaling up existing facilities and developing new
ones. This expansion, a response to the growing demand, aims to become financially feasi-
ble on the back of favorable market conditions and the integration of advanced technolo-
gies, on attaining a certain scale. Furthermore, continuous improvements in solar panel effi-
ciency and reduction in technology costs enhance the solar sector's appeal, making it
increasingly attractive to private capital investments. Investors are particularly motivated by
the opportunities arising from market expansion and the escalating demand for sustainable
energy solutions. The solar manufacturing sector is thus well-placed for significant future
growth and sustainability.

3.3.2. Barriers to accessing finance in LDCs

The solar sector faces significant financing challenges that impede its growth, especially in
developing regions and Least Developed Countries (LDCs). These include a lack of conces-
sional and risk-adjusted finance for small-scale projects, shortages of long-term financing
options, and high financing costs. This issue was especially pronounced in the discussions
with the African stakeholders. Addressing these financial barriers is crucial for ensuring
equitable access to clean energy technologies; enabling LDCs to meet their energy needs
sustainably; and supporting global efforts to combat climate change.

Small projects, in particular, struggle to attract funding due to perceived risks of non-pay-
ment or delays. Although global investment in renewables is on the rise, it remains markedly
insufficient in LDCs where financial support, incentives, and tax credits are limited due to
constrained budgets. These issues highlight the critical need for enhanced financial strate-
gies to support the expansion of solar energy in less developed markets.



To mitigate financing challenges in solar projects, a combination of strategies can be effec-
tively implemented, building on learnings from across the world. Public-Private Partnerships
(PPPs) are essential as they allow public funds to attract private investment while spreading
risk. Governments can bolster the sector by expanding incentives such as tax credits and
subsidies, and by guaranteeing minimum prices for solar energy through purchasing agree-
ments. However, in LDCs where governments themselves are under pressures due to con-
strained resources, there is a need for international organizations, investors, and private
sector to work directly with the local private sector players to devise relevant channels and
mechanisms for financing. For instance, the issuance of green and climate bonds provides a
great avenue for raising capital by appealing to investors focused on environmental sustain-
ability. Additionally, risk mitigation tools such as insurance, guarantees, and currency risk
protection can lower the perceived investment risks. Structured finance solutions, including
the securitization of solar assets, can enhance liquidity and attract a broader investor base.

Simultaneously, capacity-building within local financial institutions can increase their famil-
iarity and comfort with financing renewable projects. Adaptable financing models, such as
pay-as-you-go systems, can cater to regions with limited banking infrastructure, ensuring
broader access to funding for solar projects. These diverse strategies, tailored to regional
needs, are crucial for advancing global solar energy initiatives.

3.3.3. Need to tailor finance for smaller projects

Despite the exponential growth in global PV deployment and manufacturing, small-scale
solar projects, especially residential and community-based systems, lag significantly behind
utility-scale projects. The challenges for small-scale systems include difficulties in securing
financing, lower attractiveness to investors due to complexity and lower profitability; and
reluctance among EPC (Engineering, Procurement and Construction) contractors to imple-
ment or service these systems.

Debt financing through banks is often inefficient, with short financing terms and high costs
arising from limited experience with renewable projects and inadequate risk analysis. Addi-
tionally, in developing countries, high initial costs and fears of non-repayment deter invest-
ment in off-grid and community projects. Even in the developed solar markets, including the
USA, the residential and community solar sectors saw significant declines or lacklustre per-
formance due to insufficient financial support for small projects, highlighting a global need
for tailored financial mechanisms that support the scalability and sustainability of smaller
solar initiatives.

3.4. Strategic Enablers

Future policies should not only aim at enhancing technological efficiencies but also at
advancing energy storage solutions and supporting infrastructure, such as grids. This is
especially pertinent in developing countries where traditional grid connections are often
absent, and diesel generators prevail. Transitioning to solar energy offers making a strong-
cost-effective alternative, making a strong case for the swift establishment of decentralized
grids.

Policy measures are instrumental in providing a structured and favorable environment for
solar energy’'s rapid deployment and long-term sustainability.. Targeted governmental
actions can significantly influence the global energy landscape.



3.4.1. Incentives to signal policy support to solar

Incentives have played a crucial role in signalling government support and catalyzing stake-
holder interest and accelerating the adoption of solar energy globally. Various mechanisms,
such as direct subsidies, Feed-in Tariffs (FiT), Generation-based Incentives, and Investment
Tax Credits, have significantly shaped the solar landscape. For instance, Germany's Renew-
able Energy Sources Act of 2000 introduced a FiT system guaranteeing fixed payments for
solar electricity, helping it become a global leader in solar installations. The United States,
meanwhile, leveraged the Investment Tax Credit to boost solar adoption nationwide.

China’'s mix of subsidies, tax incentives, and mandated renewable energy quotas has pro-
pelled it to the forefront of global solar production and installation and reduced the global
cost of solar products. In India, incentives like FiTs, Renewable Energy Certificates, Renew-
able Purchase Obligation and Product Linked Incentives have helped in setting and meeting
ambitious solar targets. These diverse incentive strategies effectively stimulate the solar
sector, driving both national advancements and global market transformations.

3.4.2. Strengthening grid infrastructure development
for RE integration

Developing of robust grid infrastructure and streamlining permitting processes is crucial for
the timely deployment of renewable energy projects. Discussants highlighted issues such as
inadequate grid expansion, inflexibility, and prolonged permitting processes, which have
delayed project rollouts and contributed to inventory build-up. Simplifying grid expansion
approval procedures is essential to efficiently evacuate power from renewable project sites.
This necessitates urgent policy interventions. Even in the USA, project delays and cancella-
tions are prevalent due to inadequate grid interconnections. Meanwhile, securing land par-
cels close to grid substations remains a significant challenge that impacts project feasibility
and timelines. In regions like South Africa, the grid's original design for centralized coal
power hinders the integration of solar projects, limiting the number of projects selected in
renewable energy auctions.

An estimated 80 million km of grid must be refurbished or expanded by 2040 to achieve
net-zero goals. Over 3 TW of renewable energy projects are queued for grid connections.
The European Commission highlighted a need for €584 billion by 2030 for grid moderniza-
tion to accommodate renewable installations. A comprehensive approach to enhancing grid
infrastructure and expediting approvals is vital for supporting the fast-increasing volume of
renewable energy projects globally.

3.4.3. Institutional frameworks for coordinating policy action and
collaborations

Institutional arrangements play a critical role in supporting and expanding solar energy
deployment. Effective institutional frameworks can significantly lower costs, improve effi-
ciency, and drive adoption through strategic coordination and support.

Countries leading in solar power have successfully leveraged robust institutional frame-
works and established specialized agencies to champion their solar initiatives. For instance,
India’s Solar Energy Corporation of India (SECI), a public sector established in 2011 under
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the National Solar Mission to support the solar energy sector, oversees the implementation
of several key government initiatives, including the Viability Gap Funding schemes for
large-scale grid-connected projects, the solar park scheme, the grid-connected solar roof-
top scheme, and turnkey solar project development for various PSUs. The Indian Renewable
Energy Development Agency (IREDA), a specialized bank, plays a key role in financing
renewable energy projects, including solar projects., The National Institute of Solar Energy
(NISE) is a key player in promoting research and capacity- building. In the EU, Germany’s
Federal Network Agency has successfully integrated municipal utilities and local citizen
energy cooperatives, enhancing decentralized solar adoption and making Germany a leader
in solar energy penetration. Meanwhile, China’s National Energy Administration coordinated
efforts across multiple government agencies have established clear targets through
Five-Year Plans and implemented supportive policies such as FiTs, subsidies and incentives
to manufacturers. This has propelled China to the forefront of global solar production. In the
USA, the National Renewable Energy Laboratory (NREL) serves as the central body for solar
research and development, collaborating with universities and private companies to
advance solar technology. This collaborative approach has positioned the US as a leader in
solar innovation.

Strategic international partnerships that leverage strengths of partnering countries and are
being supported by institutional set-ups in partnering countries, can promote regional
advancements. For instance, the skill development initiatives by India’s Waree Renewable
Technologies and Australia’s 5B industries, and skill development centers like the Skill Coun-
cil for Green Jobs, bolster the solar sector by enhancing capacity and fostering global coop-
eration.

Many hubs have been established as central platforms for collaboration, innovation, and
capacity building. A new hub is proposed with the participation of 15 African countries to
support the establishment of decentralized solar grids. This initiative will leverage existing
platforms such as the African Union, International Solar Alliance, and the Renewable Energy
and Efficiency Partnership Action Plan, to drive action through the United Nations Universi-
ty's 2003 initiatives.

These institutional frameworks and collaborations underscore the importance of a well-or-
chestrated approach to solar energy deployment, There is potential for even greater
advancements as new regions and partnerships are cultivated.



Way Forward
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4. Way Forward

With the world facing a climate crisis, there is a critical need for a nuanced energy transition
and a rapid transition to renewable energy. The International Energy Agency has forecasted
that renewables and electrification could reduce 75% of energy-related CO2 emissions by
mid-century and make the global Net-Zero goal more feasible. This target, essential for
maintaining global temperatures within 1.5°C of pre-industrial levels as per the Paris Agree-
ment, positions renewable energy, especially solar, as a critical component in the global
energy landscape. However, disparities in development, energy access, climate risks, and
financial resources pose significant challenges. Despite clean energy investments of over
USD 2 trillion expected in 2024, political uncertainties and inadequate infrastructure impede
progress and lead to, setbacks in global climate action. Disparities in energy access and
financial flows further complicate the way forward.

As we look to the future, the path forward for renewable energy, particularly solar power,
requires a concerted effort from both the private sector and governments. The private
sector must continue to innovate and invest in the development of manufacturing capabili-
ties, technological advancements, and financial solutions that are critical for scaling up of
solar energy. Simultaneously, governments must enhance their role by enacting supportive
policies, strengthening regulatory frameworks, and providing robust incentives that encour-
age investment and reduce the risks associated with renewable energy projects.

To accelerate global solar deployment, it is essential to recognize and address the unique
energy landscapes of each region and the capabilities and the needs of their private sector.
In high-income countries, there is an urgent need to transition to clean energy sources and
retrofit existing systems with cleaner alternatives. This is critical for these nations to meet
their ambitious targets of reducing emissions by 50% by 2030 and becoming net-zero by
2050. This in turn, calls for substantial investments in transition finance, energy storage
technologies, and a focus on strengthening their value chains in the clean energy sector.
Emerging economies, experiencing rapid energy consumption growth, present opportuni-
ties for local manufacturing, job creation, and scaling renewable energy.

Despite all this and a requirement of threefold increase in renewable capacity, attracting
private financing continues to be a challenge due to higher risk perceptions. Low-income
countries face even greater challenges as less than 50% of their populations have access to
electricity. These countries require around USD 400 billion to finance their solar energy
journey but receive only a fraction of this amount. High debt costs, ranging from 20-30%,
and the absence of a domestic renewable energy supply chain further stifle progress. Small
Island Developing States (SIDS) face an existential crisis, as they are heavily reliant on
imported fossil fuels with exorbitant electricity costs. Solar energy presents a viable solu-
tion, but development costs in these regions are three times the global average per GW.
Geographical constraints and grid inaccessibility complicate their transition. This necessi-
tates tailored solutions, such as floating solar, solar-powered transportation, advanced stor-
age systems, etc. These divergent realities underline the fact that the energy transition and
the policy push for enabling it are not uniform across the globe.



Despite the supportive role of governments and the significant strides made by the private
sector in driving advancements through research, development, and investment, accelerat-
ing solar deployment remains a formidable challenge. The solar industry, while expanding,
faces persistent obstacles such as technological limitations, financial barriers, and regulato-
ry complexities, especially in developing economies. This pathway document advocates for
robust collaboration between public and private sectors. It presents issues that need stake-
holder action across governments, industries, and international bodies, and it suggests a
way forward for developing a detailed roadmap on priority areas. It aims to streamline
efforts, provide actionable strategies to enhance solar energy adoption, and ensure that it
occupies a central position in the global shift towards sustainable energy. This concerted
approach is vital for overcoming the uneven adoption of solar technology and achieving the
ambitious environmental goals laid down globally.

4.1. Cross-sectoral policy support for unlocking the solar potential
in low-income countries

To drive demand for solar energy in low-income countries, adopting and adapting success-
ful policy interventions is crucial. These interventions can significantly enhance the land-
scape for private investment and technology transfer, both of which are essential for scaling
up solar deployment.

In low-income economies, challenges such as limited access to finance, high capital costs,
and technological barriers significantly hinder solar expansion. Tailored policies that specifi-
cally address these obstacles are needed to create an environment conducive to solar
growth. Emerging economies like India and Brazil have demonstrated the effectiveness of
robust policy interventions in strengthening their solar sectors. India’s Production Linked
Incentive (PLI) scheme, for instance, aims to build local solar PV manufacturing capacity
and reduce import dependence. The PM Surya Ghar initiative, with its ambitious targets for
rooftop solar, has driven demand in the residential sector. Similarly, Brazil’s focus on financ-
ing solar deployment offers a model for policy-driven expansion in renewable energy. These
examples illustrate the power of targeted measures in catalyzing the solar industry’s growth
and offer valuable lessons for other developing nations.

Generating local demand can lower transport and logistics costs, reduce investment risks by
securing future sales, and maximize the benefits of local content regulations. However,
developing economies face significant challenges in generating demand due to high
upfront costs, limited access to financing, technical hurdles, and inadequate maintenance
services.

As solar technologies expand beyond traditional applications, cross-departmental collabo-
ration within governments becomes increasingly important. For example, the rise of agrivol-
taics presents opportunities for integrating solar power with agriculture, thus offering addi-
tional income streams for farmers and promoting cleaner alternatives to fossil fuel-powered
irrigation. To capitalize on these opportunities, it is essential for the Departments of Agricul-
ture, Energy, and Environment to work together in assessing gaps and creating policies that
support solar solutions tailored to various sectors. Integration with the Ministries of Urban
Development, Transportation, and Housing can further extend the reach of solar initiatives
by embedding solar adoption into developmental initiatives such as urban planning, resi-
dential projects, clean transport, etc.



4.2. Building institutional frameworks and regulatory transparency

To accelerate the deployment of solar projects, robust institutional frameworks are essential
for coordinating efforts, engaging the private sector, and fostering partnerships within the
solar industry. These institutions act as hubs for knowledge sharing, best practices, and
technical capacity building, thereby enhancing the overall efficiency and effectiveness of
solar energy initiatives. High-income and emerging economies have benefited from such
institutional mechanisms, which have been instrumental in generating demand, mobilizing
investments, and compiling data from implemented projects. This support has been vital for
both the public and private sectors. As these countries seek to further strengthen their
supply chains, manufacturing capabilities, and spur technological innovations, a reassess-
ment of the types of institutions required at this stage, becomes necessary. For low-income
countries, adopting best practices in establishing these institutional arrangements could
significantly bolster private sector growth and solar energy deployment.

Transparent regulatory mechanisms are also critical for boosting investor confidence and
streamlining project development. A clear and consistent regulatory environment reduces
uncertainties and lowers barriers to entry for private sector participants. While emerging
economies have made progress in developing favourable regulations, developing countries
still face challenges due to less established regulatory frameworks and limited awareness
among relevant stakeholders.

To address these challenges, creating centralized virtual platforms that consolidate all rele-
vant regulations, guidelines, and incentives can be a valuable resource for stakeholders. A
one-stop website would simplify navigation of the regulatory landscape, ensuring all parties
have access to up-to-date information and can efficiently comply with necessary require-
ments. This approach would enhance transparency, support informed decision-making, and
ultimately accelerate solar energy deployment.

4.3. Developing the workforce needed for solar energy growth
in the future

As the world seeks to triple renewable energy capacity, the availability of skilled manpower
has emerged as a critical challenge, particularly in regions like Africa. North Africa alone has
the potential to create 2.7 million jobs in clean energy, yet this opportunity is threatened by
a significant skills gap. Developing countries face the most pronounced challenges, with the
demand for skilled workers in solar energy far outstripping the capacity of existing training
programs. This skills deficit impacts the viability of solar projects, particularly in operations
and maintenance, which are crucial for long-term success. The lack of required skills is a key
issue in both high-income and emerging economies, which are anticipating a massive surge
in green jobs.

Addressing this challenge requires a concerted effort to build capacity across the solar
sector. Regular training sessions, supported by international institutions and partnerships
between developed and developing countries, are essential. These sessions should cover
topics such as Solar PV technology, equipment basics, system sizing, costing, installation,
commissioning, and operations and maintenance.
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Establishing specialized training centers, developing standardized certification programs,
and training master trainers are crucial steps in formalizing and enhancing the skill sets
needed in the solar industry. Additionally, creating a uniform set of skills recognized across
regions is essential to ensure workforce flexibility and facilitate the seamless transfer of
expertise. This approach not only strengthens the overall quality of the solar workforce but
also enables workers to adapt and thrive in different markets, further supporting the global
expansion of solar energy.

To achieve the scale of expansion needed in the solar industry, it is essential to establish
domestic training programs such as Australia’s Solar Accreditation (SAA), India’s Suryami-
tra program, and the European Solar Academy. These programs can enable the develop-
ment of a new, skilled workforce. Upskilling current energy professionals with technolo-
gy-specific training can also be highly effective, leveraging their existing industry knowl-
edge. Standardizing global training standards is crucial to ensure a workforce equipped
with best practices, enhancing the quality and longevity of solar installations. Initiatives like
the Solar Training Standards by the Global Solar Council and Global Wind Organization
offer a model for aligning training across countries.

Thus, collaboration between countries, technical institutions, private sector actors, and
industry leaders is vital. By leveraging industry associations, international organizations, and
research institutions, standardized and cross-cutting curricula can be developed to align
with industry needs, ensuring the private sector can meet the growing demand for skilled
manpower in the solar industry across different regions.

4.4. Enhancing grid infrastructure for enabling Renewable Energy
(RE) integration

The integration of renewable energy into existing grid infrastructure presents significant
challenges, primarily due to the grid’'s need to accommodate the variability and intermitten-
cy of sources like solar and wind, which is hampering the growth potential of private sector
in most markets. Traditional grids were designed for centralized, predictable power genera-
tion from fossil fuels and are often ill-equipped to handle the fluctuating supply and decen-
tralized nature of RE. This creates issues related to grid stability and reliability. Additionally,
unlike fossil fuel plants, RE sources are frequently located far from demand centres, requir-
ing substantial investments in transmission infrastructure to efficiently transport energy.

To address these challenges, grid modernization and expansion are essential. This involves
upgrading outdated equipment and constructing new transmission lines to connect remote
renewable sources with demand centres. Coupled with these efforts, energy storage solu-
tions such as large-scale battery systems and pumped hydro storage are crucial for balanc-
ing supply and demand by storing excess energy for use during periods of low generation.



The EU's Digitalization of Energy Action Plan and the USA’s Grid Modernization Initiative
offer models for global grid modernization. Additionally, advancing mini-grid technologies
is crucial, as innovations in battery storage and grid management can make systems more
efficient and cost-effective. Expanding community-based models, like Bangladesh’s
Solshare and India’s solar mini-grids, ensures sustainability, engages local communities, and
creates employment opportunities, making energy solutions more resilient and inclusive.

Advanced grid management technologies, such as smart grids and grid-scale inverters, are
crucial for managing the variability of renewable energy, supported by real-time data ana-
lytics and automated controls. Additionally, decentralized energy resources like microgrids
and distributed generation (e.g., rooftop solar) enhance grid resilience and reduce depen-
dence on extensive transmission infrastructure. However, the private sector actors capable
of developing these solutions often operate separately from large RE companies. Collabora-
tion between these groups is essential to address challenges and co-develop effective solu-
tions. Industry associations and public institutions can play a pivotal role in facilitating these
interactions, fostering partnerships that drive innovation and strengthen the overall energy
ecosystem.

Regulatory and market reforms are necessary to incentivize investments in grid infrastruc-
ture and to support renewable energy integration through new market mechanisms. Exist-
ing regulatory frameworks and market structures often fall short of what is needed for RE
integration, necessitating updates that encourage grid modernization and support distrib-
uted generation. This will require active engagement from stakeholders such as utilities,
transmission companies, sub-national governments, and infrastructure developers.

International collaboration is also critical. Cross-border grid connections and the develop-
ment of global standards can enhance energy security and facilitate the sharing of renew-
able energy across regions. Finally, continuous research and innovation in grid technologies,
along with pilot projects to test new approaches, are vital for ensuring a stable and sustain-
able energy future. Public-private partnership models can play a significant role in driving
these innovations and implementing the necessary solutions to meet the demands of a
renewable-powered world.

4.5. Multi-faceted approach to mobilize required investments

To effectively tackle the financing challenges in scaling solar energy, particularly in emerg-
ing and low-income countries, a comprehensive, multi-faceted approach is crucial. This
strategy should focus on strengthening public-private partnerships (PPPs) to attract private
capital while distributing investment risks. Expanding government incentives, such as tax
credits, subsidies, and guaranteed pricing for solar energy, is essential to create a more
favorable investment environment. However, given the limited resources and banking infra-
structure in many Least Developed Countries (LDCs), international cooperation becomes
indispensable. Global financial institutions, investors, and private sector players must collab-
orate closely with local stakeholders, especially local banks and financial institutions, to
build their capacities and develop financing mechanisms tailored to regional needs.



For smaller projects, such as decentralized renewable energy (DRE), residential, and com-
munity-based systems, innovative financing models are critical. These projects often strug-
gle to secure funding due to perceived risks and lower profitability. Approaches like
pay-as-you-go systems and aggregated financing programs can attract investment by
offering more flexible and scalable solutions. Capacity building within local financial institu-
tions is also necessary to increase their comfort with financing DRE projects. Additionally,
public sector institutions must be equipped to create a conducive investment environment
for these initiatives.

Financing mechanisms like green bonds and climate bonds, which appeal to investors
focused on environmental sustainability, are key to reducing perceived risks. Risk mitigation
tools, including insurance, payment guarantees, and currency risk hedging, can further
lower barriers to investment in these regions. Structured finance solutions, such as the secu-
ritization of solar assets, can enhance liquidity and attract a broader investor base, making
solar investments more accessible and appealing.

Establishing dedicated technology and innovation funds in solar manufacturing can attract
venture capital and private equity, supporting start-ups and projects that aim to improve
manufacturing processes and reduce costs. The Breakthrough Energy Ventures fund,
backed by prominent investors like Bill Gates, exemplifies the impact of funding innovative
energy technologies, including advanced solar manufacturing. Additionally, governmental
assistance through tax incentives and region-specific subsidies is crucial for developing any
part of the complex solar value chain. To overcome financing challenges in small-scale and
emerging markets, blended finance—integrating public and private capital—can mitigate
financial risks and facilitate large-scale financing for clean energy transitions, ensuring that
commercial entities can confidently invest in these markets.

In developed and high-income markets, access to capital, particularly at the scale required
for financing large manufacturing facilities, remains a challenge. Revisiting and refining pub-
lic-private partnership models for establishing these facilities could be a viable solution to
explore.



4.6. Advancing ESG compliance and transparency in solar supply
chains

Environmental, social, and governance (ESG) criteria are becoming increasingly important
to investors in the solar supply chain, particularly in developed markets where stringent
supply chain requirements are being introduced. Emerging markets are also beginning to
recognize the importance of ESG compliance, as manufacturing hubs must meet these stan-
dards to access key markets in the EU and the US. This underscores the need to develop
capacity and systems for ESG assessments of solar products, as well as to enhance supply
chain transparency, including the required infrastructure and processes to facilitate this.

An example of a key initiative in this area is the Solar Stewardship Initiative (SSI), which has
introduced a solar PV-specific Standard for ESG compliance. This Standard allows indepen-
dent assessors to certify the ESG performance of solar production sites, validating the com-
mitments of companies across the solar value chain, helping EU companies meet the regula-
tory requirements and transparency standards. Thus, the solar industry in high-income mar-
kets has started to pro-actively work towards improving transparency, traceability, and
reducing its carbon footprint.

The next step is to extend these efforts to emerging markets by building local capacity and
developing systems for ESG assessments. This includes providing training and resources to
manufacturers in these regions, which will help them understand and implement the rele-
vant ESG standards. Additionally, there should be a focus on creating robust frameworks for
supply chain transparency and traceability that align with global best practices. It is also
pivotal to take into account the country context and capabilities. Collaboration between
industry stakeholders, governments, and international organizations will be crucial in
achieving these goals and promoting sustainable practices across the global solar supply
chain.

4.7. Forward-looking policies to lead and support the industry

As solar energy continues to grow at a pace that frequently surpasses projections, techno-
logical advancements and their adoption are outpacing existing policy frameworks. This
underscores the urgent need to proactively identify areas where policy support and public
sector-driven collaborations will soon be essential. Building forward-looking frameworks
with sufficient flexibility is crucial to ensure that the solar industry is adequately supported
and can sustain its rapid growth. Anticipating these needs and preparing adaptable policies
will help the sector continue to thrive in an evolving landscape.

A critical area that requires forward-thinking is the minerals value chain, with critical miner-
als being essential for low-emission technologies like solar photovoltaics, wind turbines, and
energy-storage batteries. This is an emerging bottleneck impacting manufacturers. The
availability of critical minerals is limited, with extraction and processing concentrated in a
few countries, leading to significant supply chain vulnerabilities, as the concentration of
mineral resources in specific regions poses geopolitical risks, making reliant countries stra-
tegically vulnerable. This creates significant opportunities for mineral-rich regions like Aus-
tralia and African nations. By establishing domestic refining units to convert these resources
into high-value components for PV manufacturing, these regions can bolster their econo-
mies.



However, countries in Africa with critical mineral supplies, lack the capabilities, technologies
and investment needed to process these. Regional partnerships and cooperation agree-
ments could prove to be beneficial to manufacturers. Additionally, the lack of efficient recy-
cling systems means most materials are lost at the end of a solar panel’s lifecycle. Develop-
ing sustainable recycling processes and reducing dependence on virgin materials are essen-
tial for ensuring the long-term growth of solar energy.

For instance, by 2030, global decommissioned solar PV capacity is expected to reach 7 GW,
surging to 200 GW by 2040, generating an estimated 400-600 kilotons of embodied mate-
rials by 2030 and 11-15 million tons by 2040. High-income countries have started establish-
ing guidelines and mandates for recycling and recovering PV waste, while middle-income
countries grapple with high costs and less efficient processes.

To address these impending issues, it's crucial to develop effective systems for recycling
materials. This involves creating regulatory frameworks that define stakeholder responsibili-
ties and encourage scalable business models. Standardization at the manufacturing level is
also essential, as variations in material composition across countries complicate the
creation of uniform recycling systems. Introducing a QR code system could be an immediate
solution, allowing easy identification of material composition with a simple scan. Interna-
tional cooperation and investment in facilitating recycling technologies are vital to over-
coming these challenges.

4.8. Supporting R&D for technological advances

The private sector has been instrumental in driving solar technology forward, resulting in
significant gains in efficiency and affordability. Companies like First Solar, for instance, have
pioneered the development of thin-film cadmium telluride panels, showcasing how private
innovation can push the boundaries of photovoltaic (PV) technology. These advancements
have made solar energy more viable across diverse regions, with solutions like floating solar
systems enabling installations on water bodies in land-constrained areas such as Singapore.
Additionally, solar energy storage has seen significant progress, with companies like Tesla
and LG leading the charge. Their innovations in battery technology have mitigated the inter-
mittent nature of solar power, ensuring more resilient and reliable grid integration.

The public sector can support and spur technological advancement by investing in R&D
through a programmatic approach. For instance, Australia’s Commonwealth Scientific and
Industrial Research Organisation (CSIRO) is spearheading initiatives to establish the coun-
try as a global leader in solar panel recycling. By focusing on research, development, and
demonstration (RD&D) investments, CSIRO aims to develop mid-stream processing tech-
nologies for critical minerals like rare earths and silicon, which are essential for solar cells.
The global adoption of such projects could significantly enhance the recovery of critical
minerals from discarded PV components, embedding circular economy principles and
advancing true decarbonization. To sustain and accelerate these technological advance-
ments, several key areas require attention. Digital collaboration platforms that leverage Al
and big data, as demonstrated by the Horizon EU Program, can enhance research efficiency
and foster global participation, driving further innovation in the solar sector.



4.9. International collaboration for addressing barriers

International collaboration is vital to the global expansion and diversification of the solar
industry. By establishing issue-focused and region-specific engagement platforms, the
private sector can effectively navigate regulatory landscapes, secure critical investments,
and expand into new markets. These platforms facilitate dialogue and cooperation among
industry stakeholders, allowing them to collectively address challenges and engage with
government bodies and public institutions. This collaborative approach fosters the
exchange of best practices and technological advancements, driving growth and resilience
in the solar industry.

A collaborative model, similar to Europe’s Airbus consortium, offers a promising solution,
which could serve as a blueprint for building regional expertise and capacity in the solar
sector. The Airbus consortium started in 1967 as a joint partnership between France, Britain,
and Germany, becoming a pioneer in the commercial aviation industry, thanks to its techno-
logical advances. Forming this consortium helped Airbus attract public and private invest-
ments, boost its competitiveness against the American aircraft industry, and embrace new
business models. Airbus also became known for creating innovative aircraft through active
collaboration with technology experts and engineers. By working together on specific
supply chain components, nations can ensure an equitable distribution of resources and
expertise, leading to the development of a robust global solar consortium. This approach
would enable the identification and development of the most viable supply chain compo-
nents in different regions, contributing to a resilient and diversified global manufacturing
ecosystem.

Through these concerted efforts, the solar industry can bridge regional disparities, acceler-
ate technological innovation, and build a sustainable, diversified manufacturing base that
supports the global energy transition.
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