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Wins fom China and the World

Circularity for
responsible renewables

Renewable energy capacity must triple by 2030

to meet energy and climate goals.! Scaling up to
this level offers opportunities but also presents
significant risks, including of environmental harm,
and supply chain vulnerabilities. These must be
addressed to ensure a just and sustainable energy
transition. This challenge pivots on a commitment
to place communities and nature at the foundation
of responsible renewable energy development.

The World Economic Forum’s Responsible
Renewables Infrastructure (RRI) initiative champions
this vision and recognizes the potential of renewable
energy projects to serve as a force for positive
change. The initiative aims to accelerate the
deployment of renewable energy in ways that
benefit communities and nature. To guide this effort,
the community behind the initiative has co-created
“Five Principles of Responsible Deployment”.

These principles serve as a compass for policies
and business models that integrate global best
practices with local priorities, build stakeholder trust
and mitigate risks, laying the groundwork for an
equitable and sustainable future.

Building on this foundation, circularity is emerging
as a vital sixth dimension in the RRI framework,
complementing and enhancing the focus on

people and nature. This evolution reflects ongoing
dialogue with global partners, including Chinese
stakeholders, and a growing recognition that
sustainable renewable energy development requires
a systemic approach to resources.

Circularity transcends the traditional linear
“take-make-waste” model by emphasizing the
continual reuse, repurposing and regeneration of
materials. Integrating circularity with responsible
deployment reduces reliance on virgin resources,
strengthens supply chain resilience and minimizes

environmental impacts — thereby reinforcing the
broader goals of the energy transition.

By deploying circularity alongside the Five
Principles, renewable energy projects can unlock
new opportunities for sustainable growth, including:

1. Efficient resource utilization: Valuable
materials from decommissioned wind turbines
and solar panels are recycled, reducing resource
extraction and protecting ecosystems.

2. Operational resilience: Establishment of
localized recycling networks reduces raw
material dependency, strengthens supply chain
resilience and cuts costs while creating skilled
jobs and diversifying local economies.

3. Reduced environmental footprint: Improved
recycling and disposal of decommissioned
equipment can enable renewable energy
projects to minimize their carbon footprint,
mitigate impact on land, boost biodiversity and
build trust with local communities.

4. Business model innovation and
transformation: Moving away from the linear
model, circular strategies can encourage
systemic resource redesign and integration
of value-sharing mechanisms across project
life cycles. This can foster multistakeholder
collaboration among businesses, communities,
governments and NGOs.

This paper spotlights successful examples of
circularity in renewable energy developments from
around the world, beginning with China, whose
renewable energy installations account for over half
of the global total, and continue to grow rapidly.
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Circularity in China’s
renewables sector

China has consistently led the world in expanding
renewable energy capacity. By the end of 2024, its
installed renewable energy capacity marked a 25%
year-on-year increase, reaching 1,889 gigawatts

— 28% of this came from wind power and 47%
from solar power.? By 2030, China is projected

to account for nearly 60% of the global installed
renewable energy capacity.®

The country also possesses the largest and most
integrated renewable energy industrial chain
globally. It has ranked first in photovoltaic module
production for 16 consecutive years, supplying 70%
of global photovoltaic modules and 60% of wind
turbine equipment.* China’s global market share

in solar equipment manufacturing is expected to
remain between 80% and 90% through 2030.°

However, as wind turbines typically have a lifespan
of around 20 years, and photovoltaic modules

25 to 30 years, much of the early equipment is
approaching the end of its operational life. As
technology continues to evolve, some equipment
may face premature retirement. By 2030,

China could generate up to 35 million tons of
cumulative waste from decommissioned wind and
photovoltaic equipment.®

As a result, circular economy practices can support
not only the nation’s “dual carbon” goal but also a
more sustainable global renewable energy transition.
While China is actively advancing scalable circular
solutions, adapting global best practices to China’s
unique market and regulatory environment will further
enhance the effectiveness of the solutions.
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3 Case studies

As the global renewable energy sector scales This paper by the World Economic Forum, in

rapidly, the retirement of ageing equipment, collaboration with Accenture, maps circular practices
particularly in markets like China, presents both to four priority actions in the renewable energy
challenges and opportunities. Leading companies sector. This builds on previous circular economy

and organizations are demonstrating how circular studies” and Principles for Responsible Deployment.
practices can create positive outcomes while

managing equipment life cycles sustainably.

FIGURE 1 | Integrating circular actions in the renewable energy sector
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CIRCULAR ACTION

Embedding circularity throughout the renewables life cycle

This action enables all other circular actions in renewable energy
deployment. It transforms the approach to renewable energy
projects from the traditional linear one to a proactive asset
management one that optimizes infrastructure performance and
value delivery across the entire project lifespan.

Case 1: Jinko Solar®

Jinko Solar integrates circular practices throughout the
life cycle of its photovoltaic products, spanning research
and development (R&D), procurement, manufacturing,
transportation, usage and recycling.

The company prioritizes “design for circularity” through
initiatives such as integrated thickness and weight reduction
projects, optimization of material usage and development of
low-carbon alternative materials.

During manufacturing, smart production controls and
green energy adoption minimize resource waste. For end-
of-life management, Jinko constantly explores advanced
recycling methods to improve the recycling rate of
components, achieving a 99% material recovery rate for
certain components.

Case 2: Ming Yang

Ming Yang’s OceanX, a 16.6 megawatt floating wind power
platform was assembled onshore and towed to the offshore

CIRCULAR ACTION

site for installation. This method cuts offshore operation time
and slashes installation equipment and labour costs.

Floating wind power’s life cycle shows a competitive

levelized cost of electricity (LCOE ). It has lower operation,
maintenance and decommissioning costs, and has enhanced
economies of scale. Notably, its decommissioning cost is
70% lower than that of fixed wind power’s. After its 25-year
design life, the platform’s concrete floating structure can

be recycled, reducing dismantling and disposal costs, and
minimizing environmental impact.

Key takeaways:

— Optimizing a renewable energy project’s lifetime begins at
the design phase, with a holistic approach to integrating
its constituent components in a circular loop. By
integrating end-of-life considerations into initial project
planning, these organizations have shown that designs
can facilitate easy decommissioning and recycling while
minimizing waste.

— Successful life cycle optimization, as evident from these
cases, involves shifting from reactive maintenance to
data-driven, anticipatory management. Continuous
monitoring of energy production and equipment health
allows for early detection of performance issues, enabling
timely maintenance and efficient resource allocation.

Enhancing operational efficiency through circular practices

Operational efficiency focuses on creating processes

that maximize value while minimizing waste all through
operational cycles. This action enables resource-efficient
circular pathways through complementary mechanisms that
are being implemented across the sector.

Case 3: PHOTORAMA®

The European Union-funded project PHOTORAMA,
supported by an 8.4 million euro grant from the Horizon
2020 programme, brings together 13 research institutes
and European companies, including ENEA and Enel
Green Power (EGP). PHOTORAMA is dedicated to

the management of photovoltaic waste, employing
advanced technologies to recover and recycle
secondary raw materials from end-of-life modules.

It seeks to automate the solar panel disassembly
process and identify a suitable treatment method to
recover valuable materials with a purity exceeding 99.9%,
ultimately reaching a recycling rate of 95%.

Case 4: Korea Zinc and Hanwha Qcells

Korea Zinc is actively recovering valuable metals such as
copper, silver and aluminum from solar panel recycling. In an
effort to scale up its recycling operations, Korea Zinc signed
an agreement with Hanwha Qcells to establish a materials
circularity system for waste solar panel recycling. This
agreement encompasses not only end-of-life panels, but
also defective panels generated during the manufacturing
process and damaged panels from solar farm operations.

Circularity in Renewables: Wins from China and the World



In 2024, Korea Zinc recycled approximately 35,000 panels
supplied by Hanwha Qcells. Beyond panel recycling, Korea
Zinc is also recycling key components such as junction boxes
and electrical cables. Korea Zinc has already received SGS
certification for producing copper and silver using 100%
recycled materials.

Moving forward, the company aims to complete a fully
closed-loop, resource-circular system by supplying these
recycled metals from solar panels back to Hanwha Qcells
as raw materials for new panel production.

CIRCULAR ACTION

Key takeaways:

— Operational efficiency encompasses both extending asset
lifespans through refurbishment and establishing robust
systems for responsible end-of-life management.

— Extending the productive life of existing assets requires a
hybrid circular approach from different perspectives, such
as reuse, repair, refurbishment and remanufacturing.

— A systematic end-of-life component handling process
is also critical in addressing waste management
problems in renewable energy projects. By automating
the disassembly and material recovery processes, the
renewable sector would be able to develop specialized
recycling capabilities for decommissioned assets.

Elevating material circularity for resource continuity

Material circularity provides the foundation for resource
continuity in the renewable energy sector, enabling valuable
materials to continuously flow through well-designed recovery
and innovation pathways.

Case 5: Sofia offshore wind project®

The Sofia Offshore Wind Farm, developed by RWE, one of
the world’s leading offshore wind companies, is situated at
Dogger Bank, off the east coast of the United Kingdom (UK),
with an installed capacity of 1.4 gigawatts. In March 2025,
they transported the initial components of 14-megawatt
(MW) turbines to the project site, located a substantial 195
kilometres offshore, for installation.

In addition, the first of 150 recyclable wind turbine
blades, manufactured in Hull by Siemens Gamesa, have
been produced and are ready for installation on 50 of
Sofia’s 100 turbines during the first half of 2025. With
this recycling technology, it becomes possible to separate
materials in the blade at the end of its lifespan, marking a
significant step towards circularity.

Case 6: Trinasolar!

Trinasolar has achieved a significant breakthrough in
photovoltaic module recycling, successfully manufacturing
the world’s first fully recycled photovoltaic module in

2024. The module, built with n-type TOPCon technology,
achieves a conversion efficiency of 20.7% and a power
output exceeding 645 watts, while enabling 100% recycling
and reuse of materials including silicon wafers, silver
powder, glass and aluminium frames.

By combining physical and chemical methods, Trinasolar has
overcome challenges in silicon purification and efficient metal
recovery, promoting closed-loop development across the
industry value chain.

Key takeaways:

— Materials innovation is critical in achieving circularity in the
renewable energy sector.

— The industry has started to move beyond basic recycling
to establishing sophisticated multi-tier value recovery
systems. In this journey, the ability to maintain material
purity across different components — from silicon
wafers to metals — could enable materials to re-enter
manufacturing cycles at various quality grades.

— Recyclable blade technology represents a fundamental
shift in composite material design, while technical
breakthroughs, such as the combination of physical and
chemical recycling methods, show that circular-by-design
approaches are not only feasible but can maintain high
performance standards.

Circularity in Renewables: Wins from China and the World



CIRCULAR ACTION

Exploring innovative business models to maximize infrastructure utilization

Utilization improvement focuses on maximizing the value
throughput from renewable energy infrastructure through
shared-value and service-based approaches. This action
moves beyond traditional ownership structures with strategic
approaches that industry leaders are pioneering.

Case 7: Sunseap Leasing and Jurong Port'?

Sunseap Leasing and Jurong Port, Singapore’s main port,
collaborated on a solar leasing initiative, activating its
underutilized assets and enhancing asset utilization.
By leasing the rooftop of Jurong Port’s warehouse,
Sunseap Leasing installed, operated and maintained the
solar panels, providing electricity to Jurong Port through a
fixed-price contract.

This project is estimated to reduce Jurong Port’s carbon
emissions by up to 5,200 tonnes per year and meet

more than 60% of its annual electricity requirements.
Furthermore, the fixed-price solar energy supply contract
provides cost certainty for Jurong Port and is forecasted to
yield long-term cost savings.

Case 8: StarCharge

StarCharge, a charging infrastructure provider, has
developed and implemented a more resilient “scenario-
based microgrid” solution. It employs a “software + services
+ hardware” integrated model that enables the circular use
of energy and brings about cost reduction through scenario
sharing and Al openness.

For example, its “scenario-based microgrid” supports two-
way interaction between electric vehicles and the power grid.

Electric vehicles can not only obtain electricity from the power
grid but also return excess electricity to the grid when needed,
creating additional economic benefits for the vehicle owners.

Additionally, StarCharge has operated the “scenario-based
microgrid” project at an altitude of 4,300 metres on a plateau,
successfully dealing with 4-5 power outages per month,

with the longest off-gird support lasting 132 hours. Overall,
the “scenario-based microgrid” improves energy efficiency,
reduces energy costs and promotes green and low-carbon
transformation, while helping enhance the utilization efficiency
of renewable energy infrastructure.

Key takeaways:

— ldentifying and mobilizing underutilized resources is
pivotal to improving infrastructure utilization in renewable
energy projects and creating significant value — whether
transforming idle rooftops into productive solar assets
or activating private charging infrastructure through
sharing platforms. Both examples show that the key is
to arrange resources collaboratively and effectively to
unlock inactive capacity.

— Transitioning to service-based models is another
effective way to create transformative impact through
circularity in the renewable energy sector. Both cases
demonstrate how shifting from equipment ownership to
service delivery naturally aligns stakeholder interests with
long-term performance. By focusing on outcomes rather
than assets, it would become possible to maximize
infrastructure utilization while promoting community
participation in the renewable energy transition.

Circularity in Renewables: Wins from China and the World
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Key trends scaling
circularity in renewables
deployment

Analysis of current industry practices reveals
five trends accelerating circular practices in

techniques, and novel composite materials
are converging to create unprecedented

renewable energy: organizational mindset

shifts, digital transformation, advanced
technology breakthroughs, market evolution, and
collaborative ecosystem development. These
trends range from internal organizational changes
to broader industry transformation.

Renewable energy companies are increasingly
recognizing circularity not as an external
compliance requirement but as a strategic
imperative that drives long-term value creation.
In many companies, circular principles are

now embedded in strategic planning, project
development and daily decision-making.

Digital technologies are becoming
fundamental enablers rather than optional
enhancements for circular practices. Real-time
monitoring, predictive maintenance and digital
twins are transforming how companies optimize
asset life cycles and manage resource flows.
This digital-first approach indicates that future
circular systems will require interconnected
infrastructure as a baseline capability, with data
as an equally important asset to generate value
for the entire industry.

Breakthrough technologies and innovative
materials are emerging to redefine circularity
in the renewable energy sector. Advanced
chemical processes, design-for-disassembly

opportunities for value retention and resource
efficiency. These technological improvements
are moving beyond laboratory demonstrations
to commercial-scale applications, improving
material recovery.

Policy is evolving from requiring companies
and project owners to comply with
environmental regulations to promoting the
implementation of the circular economy.
Financial incentives for R&D equipment
purchase, streamlined approval processes

for project operation designed for circularity
and preferential government procurement for
recyclable products — together with improved
standards and market mechanisms — are
accelerating the transition from pilot projects to
industry-wide adoption.

The renewable energy sector is shifting
from isolated single-company or project
actions to multistakeholder collaborations.
Successful circular practices increasingly
depend on ecosystem partnerships that
combine expertise from research institutions,
technology providers, project operators

and end-users. These collaborative efforts
have been proved to help not only advance
technological innovation but also develop
new business models that make circularity
economically viable across the value chain.

Circularity in Renewables: Wins from China and the World
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Conclusion:

A call to action

Responsible renewables deployment requires
balancing rapid capacity expansion with long-
term sustainability, community benefits and
environmental stewardship. Circularity serves as a
key lever to facilitate responsible renewable energy
deployment, enhancing the sector’s ability to
achieve these interconnected goals while delivering
people-positive and nature-positive outcomes.

The case studies highlighted here demonstrate that
circular practices in renewable energy are gaining
momentum across diverse markets. Meanwhile,
emerging trends reveal key enablers for scaling
circularity. However, these innovations must not

remain concentrated among specific project stages
and pilot initiatives, particularly those approaching
end-of-life phases, and should become widespread
industry practice across all deployment stages.

Scaling circularity from promising examples

to mainstream adoption requires coordinated
action across the renewable energy ecosystem.
Success depends on enhanced knowledge-
sharing between industry leaders and emerging
markets, strengthened cross-sector collaboration
among stakeholders, and accelerated
development of circular business models that
reward long-term value creation.
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