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1. Introduction

As Europe accelerates its transition to a sustainable energy system, integrating Social Sciences and
Humanities (SSH) perspectives has become essential. While technological innovation plays a crucial role,
the success of renewable photovoltaic (PV) deployment also hinges on societal acceptance, policy
alignment, behavioral change, and inclusive governance. SSH offers vital insights into these areas, helping
to ensure the reliability and fairness of energy supply while enhancing the competitive edge of PV
technologies.

Addressing concerns related to social sciences and humanities can be challenging when it comes to PV PV
deployment within the broader energy transition, as the nature of PV in the energy system is to provide an
answer to major social, health and environmental challenges linked to fossil fuel pollutions and climate
change. Beyond addressing climate change by significantly reducing greenhouse gas emissions, PV fosters
decentralised energy ownership, empowering communities and individual consumers through increased
energy autonomy and local economic development. Moreover, widespread PV adoption contributes to cost
savings for households and businesses by lowering electricity bills and stabilising energy prices. These
positive socio-economic and environmental impacts, highlighted in previous ETIP PV publications such as
the Strategic Research and Innovation Agenda (SRIA) and various white papers, provide crucial context for
the challenges addressed here. As PV is poised to represent a major contribution of the European energy
system, but also of the European economy (the 2025 ETIP PV Vision foresees that half of Europe’s energy
will come from solar PV by the middle of the century), there are many social sciences and humanities
questions that need to be answer to ensure that the growth of solar PV is social inclusive and beneficial and
with minimal negative impact on Europe’s citizens and environment. This is the key underlying question of
this paper, and the core focus of the Social PV Working Group introduced by the ETIP PV in 2023.

This paper presents targeted recommendations for key stakeholders, illustrating how SSH can inform and
improve strategies for a more effective, equitable, and socially embedded energy transition.

As part of the Secretariat’s efforts and after getting the mandate from the ETIP PV Steering Committee, SPE,
supported by social innovation experts from WIP, established the Social PV Working Group in Autumn 2023.
The group, led by three appointed leaders, started its work by inviting contributions and gathering insights
from over 35 PV and socio-economic experts.

The first group publication was the white paper, "Towards Sustainable and Massive Deployment of
Photovoltaics: The Nexus of Socio-Economic and Technological Challenges", published in November 2023.
The white paper provides an overview of the most pressing and important socio-economic challenges for the
further massive deployment of solar PV in our society by focusing on four key dimensions: (1) Social
Acceptance, (2) Public Engagement, (3) Skills and Workforce, (4) Environmental and Social Sustainability.
This paper, available on ETIP PV website, was further disseminated through a webinar held on 27 March
2024, jointly organised with EERA (European Energy Research Alliance) PV, which facilitated an insightful
discussion between experts and engaged the audience in interactive dialogue. Below, we present the key
recommendations highlighted in the white paper.

2. SSH Recommendations for key Stakeholders

The aim of the white paper is to shed light on the multifaceted challenges and considerations that must be
addressed in achieving the EU's goal of widespread PV deployment, as outlined in the Strategic Research
and Innovation Agenda (SRIA). By bridging the gap between technological and socio-economic
considerations, it intends to enrich the discourse surrounding our transition to a sustainable energy system,
ensuring that these critical socio-economic dimensions are given due consideration alongside the technical
aspects highlighted in the SRIA.

The white paper explores key dimensions of socio-economic challenges related to PV deployment. Notably,
these concern social acceptance, public engagement, skills and workforce, and environmental and social
sustainability, recognizing the pivotal role they play in achieving the European Union's clean energy targets.
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In light of these insights, this white paper offers a set of recommendations, which are gathered by the experts
of the ETIP PV Working Group, serving as a valuable guide for policymakers, researchers, and stakeholders.

2.1 Social Acceptance
Social acceptance of renewable energy (RES) is crucial for its deployment, shaped by various factors like
political, socioeconomic, and cultural influences. It involves multiple societal actors, including policymakers,
businesses, and citizens. Social acceptance is visualised in a matrix with two axes: positive-negative vs.
active-passive.
There are three dimensions of acceptance:
1. Socio-Political Acceptance: Public views on energy policies at a national level.
2. Community Acceptance: Local support for energy projects, often fluctuating during different phases.
3. Market Acceptance: Consumer and investor decisions influenced by societal dynamics.
These dimensions are interconnected, with market acceptance influencing socio-political acceptance. The
chapter also explores how PV deployment relates to these acceptance dimensions and addresses
challenges like CRM use and tariff compliance.
It also examines the factors influencing PV technology adoption, including CRM use in manufacturing,
potentially toxic materials, and pricing grid tariff schemes, offering insights into the challenges and
opportunities for the solar industry.
As illustrated in the figure below, the 2030 benchmarks for strategic raw materials outlined in the European
Critical Raw Materials Act highlight the growing demand for critical minerals to meet net-zero emissions
targets, the geopolitical risks tied to their supply, and the EU's strategy to secure a sustainable supply of
these materials.

European Critical Raw Materials Act
2030 benchmarks for strategic raw materials:

EU EXTRACTION EU PROCESSING EU RECYCLING EXTERNAL SOURCES
At least 10% of At least 40% of At least 15% of Not more than 65%
the EU's annual the EU's annual the EU's annual of the EU's annual
consumption for consumption for consumption for consumption of each

extraction processing recycling strategic raw material

at any relevant stage
M|
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of processing from a
Figure 3: Summary of the 2030 benchmarks for strategic raw materials as stated in the European Critical Raw Materials Act (Source: European Commission, 2023")

| single third country

Following recommendations derive from this chapter:

e Promotion of Sustainable CRM Use and Supply Chain Coordination: Emphasizing a circular
economy approach, focusing on material efficiency, durability, and longevity in solar PV technology
and encouraging the substitution of CRMs with viable alternatives, including renewable and locally
available materials within Europe notable via supply chain resilience.

e Align PV Production with Climate Neutrality and Recyclability: Investing exclusively in European
solar PV production technologies that adhere to CRM usage limits and support the EU's 2050 climate
neutrality goals. Prioritizing research and development efforts to reduce CRM usage, improve PV
module recyclability, and elevate CRM considerations in upscaling decisions. Allocating additional
research funding to expedite CRM reduction initiatives, fostering resource efficiency and
sustainability.

¢ Implementation of novel true-cost pricing grid tariff schemes: These schemes should be
designed to reflect actual grid usage with the possibility to integrate additional price signals based
on local PV production forecasts, and concepts for maximizing self-consumption (e.g. through energy
communities, self-generation and self-storage, feed-in tariffs, electric mobility or collective generation
systems in apartment buildings) should be supported. Clear communication with electricity
consumers about the benefits of true-cost pricing, such as reduced grid infrastructure costs and
increased renewable energy integration, is essential to building support and understanding among
consumers.

1 European Critical Raw Materials Act
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2.2 Public Engagement

The active involvement of citizens is crucial for a successful energy transition. Consumers, as prosumers,
can contribute by both consuming and producing renewable energy, especially with PV technologies that can
be installed on building roofs. REPowerEU acknowledges that solar energy’s full potential in the EU can only
be realised if citizens and communities are incentivised to become prosumers. Member States are
encouraged to establish appropriate incentives, adapt administrative requirements, and provide one-stop
shops offering integrated support. They should also promote local energy markets and avoid discrimination
of self-consumption and peer-to-peer exchanges.

Key factors affecting consumers' decisions to adopt PV systems include:

1. Social: System appearance, social status, added value to the building, technology innovativeness,
and energy independence.

2. Economic: Installation and operating costs, payback time.

3. Technology Usability: Trust in the technology, installation time, functionality, comfort, security of
supply, space required, and maintenance effort.

4. Ecological: Consumers' ecological orientation and goals.

This chapter discusses how these dimensions influence citizen participation in PV deployment and offers
solutions to enhance involvement. Recommendations drawn from this chapter focus on ensuring the
successful adoption of PV technologies by actively involving citizens and fostering social innovation in the
energy sector:

o Establishing One-Stop-Shops for Support citizen-led PV projects: Creating dedicated support
agencies, acting as one-stop-shops, can help guiding citizens through the development and
implementation of their PV projects. Such local-level agencies could provide comprehensive
assistance across various domains, encompassing financial, legal, technical, organizational and
communication support.

¢ Implementing Targeted Capacity Building Programs: Developing customized capacity building
programs tailored for citizens that are interested in PV projects. These programs could equipe
individuals with the knowledge and skills necessary to effectively undertake community-based
project development and implementation.

e Fostering Social Innovation through adequate Policy Support: Promoting social innovation
within the energy transition by fostering those through adequate policy and regulatory measures.
These can for instance focus on encouraging collective action business models, such as energy
communities, that empower citizens to actively participate in renewable energy projects. It can be
supported through policies to facilitate their adoption within these innovative business models.

2.3 Skills and Workforce

As the PV sector continues to evolve, addressing the dynamic workforce needs and skill requirements is
crucial. Chapter three focuses on re-skilling and up-skilling within the industry to ensure the workforce is
prepared for the changing demands. With the European solar industry set to create over one million jobs by
2025, it examines the challenges in maintaining a qualified workforce and the critical roles driving this growth.
The chapter also emphasises the importance of preserving innovation capacity in Europe, exploring
strategies to bolster innovation while addressing the evolving skills needs. Additionally, gender diversity
within the PV sector is discussed, highlighting the urgent need to enhance female representation and foster
a more inclusive and diverse workforce.

The following recommendations were developed to address the critical challenges and opportunities
identified for skills and workforce:

e Integration of PV Technology in Education Standard: Promoting the incorporation of PV
technology topics into early education programs, encouraging collaboration with technical faculties
at universities and ensuring PV technology becomes an integral part of electronic, physics, and
chemistry-related courses. By actively involving children and their parents, this approach not only
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sparks interest in future generations but also engages the broader community in learning about and
embracing PV technology.

e Comprehensive European Plan for Addressing the Skills Gap: Establishing a comprehensive
European plan for addressing the skills gap by conducting national assessments of workforce gaps
and skill requirements, as mandated in REDIII. Such a data-driven approach will inform a coordinated
European strategy for workforce development in alignment with clean energy transition goals
(concise set of recommendations outlined in chapter 3.1).

e Strategic Investment in PV Manufacturing Capacity for Thin-Film Tandems: Prioritizing
investments in the development of PV manufacturing capacity for emerging thin-film tandems,
particularly perovskite/CIS, to secure a cost-competitive, low GHG-intensive and diversified supply
chain, while accelerating the decarbonization of power systems in Europe.

o Promoting Gender Equality and Workforce Diversity: Developing and implementing policies and
initiatives to increase the representation of women and underrepresented groups in the solar PV
industry. Further, encouraging educational programs, awareness campaigns and transparent
workplace practices will help to create a more inclusive and diverse workforce.

2.4 Environmental and Social Sustainability

The fourth chapter focuses on Environmental and Social Sustainability in PV deployment. It begins with an
analysis of the Environmental Impact using Life Cycle Assessment (LCA) to evaluate the ecological footprint
of PV technologies. It then examines the Social Impact through Social Life Cycle Assessment (S-LCA), which
explores the broader societal consequences. The chapter concludes by highlighting the importance of the
Environmental, Social, and Governance (ESG) framework in promoting responsible and sustainable PV
practices. The following recommendations derive from this chapter:

o Develop an updated LCA standard for PV systems: Reduce the variability of obtained LCA results
for PV systems by an updated and common approach to evaluate and compare the environmental
impact of PV systems. Reduce the variability in the scope of the study for the environmental
assessment of PV systems, improve the lack of transparency and consistency in the key parameters
of defined PV systems, and minimize the variability in the quality of data collected to model PV
system components throughout the whole value chain.

o Standardize Social Life Cycle Assessment: Insist that energy projects and decisions should
explicitly incorporate awareness of social dimensions and impacts on them. Developing databases
that can be used for S-LCA and that are compatible with data privacy regulations. It is also relevant
to promote the increased resolution of local data for S-LCA.

e Focus on technologies and applications that promote biodiversity and sustainability: Opt,
during the procurement process, to have award criteria that favor sustainable PV modules with low
carbon footprint. Implement methods or guidelines to ensure the increase of biodiversity during the
permit and realization of PV projects. Address challenges in the transparency of the PV supply chains
and enhance responsible production. Focus on independent third-party verification of ESG
responsible for production and traceability. Demand from engineering, procurement and construction
companies clear decommissioning or repowering plans for PV power plants.

3. Conclusions

In conclusion, to enhance the deployment and sustainability of photovoltaic (PV) technologies, several
recommendations are proposed. These include promoting sustainable use of critical raw materials (CRMs)
and improving supply chain resilience through a circular economy approach, aligning PV production with
climate neutrality and recyclability goals, and implementing true-cost pricing grid tariff schemes to encourage
local energy consumption. Public engagement is essential, with a focus on creating one-stop-shops to
support citizen-led PV projects, establishing capacity-building programs for communities, and fostering social
innovation through policies that support energy communities.

In terms of workforce development, integrating PV technology into education, addressing skills gaps through
a comprehensive European strategy, and investing in emerging PV technologies like thin-film tandems are
critical. Additionally, promoting gender equality and diversity within the sector is essential for creating an
inclusive workforce. For environmental and social sustainability, the development of standardized Life Cycle
Assessments (LCAs) and Social Life Cycle Assessments (S-LCA) is crucial to ensure transparency and
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consistency in evaluating PV systems' impacts. Finally, focusing on sustainable and biodiversity-promoting
PV technologies, along with responsible production practices, will further support the long-term success and
sustainability of PV deployment.
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