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Abstract

Corporate Power Purchase Agreements (CPPAs) have emerged as a critical driver of renewable energy expansion in the
United States, enabling corporations to procure wind and solar power while supporting sustainability goals. This paper
examines the role of CPPAs in accelerating the transition to a low-carbon economy by improving the financial viability
of renewable energy projects, reducing dependence on fossil fuels, and contributing to corporate decarbonization
efforts. Through long-term contracts, CPPAs provide stable revenue streams for developers, facilitating investment in
large-scale renewable projects. However, their adoption varies across regions due to differences in electricity market
structures and regulatory barriers. The study identifies key challenges, including market volatility, contract complexity,
and limited access in regulated markets, while highlighting emerging innovations such as hybrid CPPAs, energy storage
integration, and peer-to-peer energy trading as solutions to enhance procurement flexibility and grid reliability. Policy
recommendations focus on expanding CPPA access nationwide, modernizing grid infrastructure, streamlining
permitting processes, and implementing carbon pricing mechanisms. Additionally, corporate strategies for maximizing
CPPA benefits include portfolio diversification, multi-buyer agreements, and aligning procurement with Environmental,
Social, and Governance (ESG) goals. As corporate commitments to carbon neutrality grow, CPPAs are expected to remain
a cornerstone of renewable energy investment. This paper underscores the need for collaborative efforts between
policymakers, corporations, and energy developers to foster an efficient and inclusive CPPA ecosystem. By addressing
regulatory barriers and leveraging emerging procurement models, CPPAs can play a pivotal role in driving sustainable
energy adoption and achieving long-term climate objectives.

Keywords: CPPAs; Renewable Energy; Sustainability; Decarbonization; Energy Policy; ESG; Grid Infrastructure;
Carbon Pricing; Energy Storage

1 Introduction

The transition to renewable energy is accelerating globally, with U.S. corporations playing a major role in driving
investment in large-scale wind and solar projects [1]. Beyond environmental concerns, economic factors such as cost
competitiveness, regulatory incentives, and long-term energy price stability have made renewables an attractive
business option [2]. Corporate demand for clean energy has surged due to Environmental, Social, and Governance (ESG)
commitments, regulatory pressures, and the need to hedge against market volatility [3]. This has led to the expansion
of Corporate Power Purchase Agreements (CPPAs) as a critical mechanism for long-term renewable energy sourcing

[1].

Over the past decade, corporate investments have contributed significantly to new wind and solar capacity additions in
the U.S. [2]. Key drivers accelerating renewable adoption include:
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e (limate Change Commitments: Businesses align with global carbon reduction targets, such as the Paris
Agreement [3].

e Federal and State Policies: The IRA, Renewable Portfolio Standards (RPS), and tax credits (ITC, PTC) enhance
clean energy investments [4].

o Declining Renewable Costs: Advancements in solar PV and wind power have made renewables cost-
competitive with fossil fuels [5].

e Energy Security and Grid Resilience: Extreme weather and geopolitical risks drive demand for a stable,
decentralized energy supply [6].

e Public and Investor Pressure: Consumers and shareholders demand stronger sustainability commitments [1].

o (Corporate Sustainability and ESG Goals: Businesses integrate renewables to decarbonize operations and
enhance their reputation [2].

e Expansion of CPPAs: Corporations use CPPAs to secure long-term renewable contracts, ensuring financial
stability for developers [1].

CPPAs have become a pivotal tool for corporations, helping secure renewable energy supply, drive large-scale
investments, and shape the future U.S. energy landscape [3].

1.1 Overview of the Growing Corporate Demand for Renewable Energy

In recent years, corporate investment in renewable energy has expanded significantly, with businesses accounting for
a substantial share of new wind and solar capacity additions in the U.S. power sector [2]. This surge in demand has been
driven by multiple factors, including declining costs of solar photovoltaic (PV) and wind energy, favorable federal and
state-level incentives, and the increasing need for businesses to hedge against long-term energy market volatility [3].

Large multinational corporations such as Google, Amazon, and Microsoft have been at the forefront of this transition,
setting high ambitious renewable energy targets and committing billions of dollars toward clean energy procurement.
Their leadership has catalyzed a broader movement, influencing mid-sized companies, and even smaller enterprises to
follow suit in adopting renewable energy strategies [4]. According to the Renewable Energy Buyers Alliance (REBA),
CPPAs accounted for roughly 70% of new renewable energy capacity additions in 2022, underscoring the private
sector’s expanding role in driving the clean energy transition [5].

Initially, corporate renewable energy procurement strategies focused on on-site solar installations and the purchase of
Renewable Energy Certificates (RECs) to offset emissions. However, as businesses have sought more direct and
financially viable methods to integrate renewable energy into their operations, utility-scale power purchase agreements
have emerged as the preferred mechanism. By executing CPPAs, corporations can secure long-term price stability,
support large-scale renewable projects, and contribute to grid decarbonization in a more impactful and cost-effective
manner [6]. Employees are also pushing companies to demonstrate proactive climate action, making renewable energy
procurement a strategic priority across industries. As a result, CPPAs are no longer exclusive to technology giants; they
are now widely adopted across sectors such as manufacturing, retail, telecommunications, healthcare, and financial
services.

This expanding corporate engagement in renewable energy procurement highlights the private sector’s critical role in
accelerating the energy transition. By leveraging their purchasing power and long-term commitments, corporations are
not only mitigating their own carbon footprints but also shaping the future of the U.S. energy landscape by driving
investment in large-scale clean energy infrastructure.

1.2  Explanation of CPPAs as a Mechanism for Corporate Energy Procurement

CPPAs are long-term contracts between corporations and renewable energy developers, enabling businesses to procure
electricity directly from wind and solar farms without needing to own or operate the renewable energy infrastructure
themselves [7]. These agreements typically span a period of 10 to 30 years, providing renewable energy developers
with the financial certainty required to secure project financing and attract investment for construction [8]. In turn,
corporations gain a stable, predictable source of clean energy, supporting their sustainability goals and mitigating the
risks associated with energy price volatility.

CPPAs have become a critical mechanism for corporate energy procurement, especially as businesses intensify their
efforts to decarbonize and secure energy independence. These agreements are structured to benefit both the corporate
buyer and the renewable energy developer, facilitating large-scale investments in clean energy and accelerating the
growth of renewable capacity in the U.S. power sector.
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1.2.1 By executing CPPAs, corporations achieve several objectives

Through the execution of CPPAs, corporations can achieve a range of strategic objectives that align with their broader
business goals, including sustainability, cost management, and investor relations. Some of the key benefits include:

o Energy Cost Stability: One of the primary motivations for corporations to enter into CPPAs is the ability to
stabilize energy costs over the long term. By locking in a fixed price for renewable energy, businesses can hedge
against the volatility of electricity prices in the open market, which are often influenced by the fluctuations in
fossil fuel prices [11]. This stability allows companies to budget more effectively and reduce the impact of
energy price spikes, which can be particularly beneficial for energy-intensive industries.

e Sustainability and Carbon Reduction: CPPAs enable corporations to directly finance renewable energy
projects, effectively reducing their carbon footprints. This not only helps companies meet their sustainability
and net-zero emissions targets but also demonstrates their commitment to climate action and environmental
stewardship [12]. By integrating renewable energy into their operations, businesses can significantly lower
their Scope 2 emissions (indirect emissions from the consumption of purchased electricity), a key component
of corporate sustainability strategies.

e Brand and Investor Expectations: In today’s market, corporate sustainability is a critical factor in brand
reputation and investor confidence. Consumers, investors, and other stakeholders increasingly expect
businesses to take meaningful actions to address climate change and support the transition to clean energy. By
adopting renewable energy through CPPAs, corporations can strengthen their reputation as responsible
environmental stewards, which can enhance their competitive positioning, attract investment, and build long-
term shareholder value [13]. Additionally, public-facing sustainability commitments, such as renewable energy
procurement through CPPAs, are often seen as a competitive differentiator in industries where sustainability
is a key market driver.

1.3 Importance of CPPAs in Scaling Up Large Renewable Energy Projects in the U.S.

CPPAs play a pivotal role in driving investment and scaling up utility-scale renewable energy projects across the United
States. Historically, the growth of wind and solar power in the U.S. has been largely driven by federal tax incentives,
state-level mandates, and utility procurement programs. However, with the uncertainty surrounding policy support and
the fluctuating nature of governmental incentives, corporate procurement through CPPAs has emerged as a crucial and
reliable revenue stream for renewable energy developers.

These long-term contracts provide developers with financial stability and certainty needed to secure the capital
required for large-scale renewable energy projects. By entering into CPPAs, corporations are effectively guaranteeing a
market for the electricity produced, which in turn incentivizes developers to invest in new wind and solar infrastructure
[14]. This private-sector involvement mitigates the risks associated with reliance on policy-driven incentives, creating
a more robust and resilient clean energy market.

Moreover, CPPAs have become a key mechanism in ensuring the continued deployment of renewable energy projects,
particularly in states and regions where regulatory support is either limited or inconsistent. The increasing demand for
clean energy from corporations, driven by sustainability goals and long-term cost savings, has catalyzed the
development of large-scale renewable energy projects that would otherwise struggle to secure financing in the absence
of such agreements. This growing corporate commitment is essential to meeting the U.S. clean energy transition targets
and achieving grid decarbonization.

In essence, the expansion of CPPAs as a procurement tool is integral to the acceleration of renewable energy
deployment. By diversifying sources of investment and stabilizing revenue streams for developers, CPPAs are helping
to unlock the potential for large-scale wind and solar energy projects, ensuring a more sustainable and energy-secure
future for the U.S.

1.4 Key Considerations and Objectives of this Article

This article delves into the growing importance of CPPAs in driving the U.S. energy transition, focusing on their influence
on renewable energy deployment, market dynamics, and corporate sustainability commitments. To explore this
evolving topic, the discussion is framed around several key questions:

e How do CPPAs facilitate the financing and deployment of large-scale renewable energy projects?
o  What are the primary benefits and challenges of corporate renewable energy procurement?
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e How do state-specific policies and regulatory frameworks impact the adoption of CPPAs?
e In what ways can companies optimize CPPAs to meet both their sustainability and financial goals?
e What emerging trends and innovations are shaping the future of corporate energy procurement?

To address these questions, the article is organized as follows: Section 2 offers an in-depth exploration of CPPAs,
focusing on their mechanics, the different contract structures, and the advantages of each. Section 3 provides analysis
of market trends, highlighting how corporations across various sectors are adopting CPPAs, supported by case studies
of leading companies. Section 4 examines the financial and grid-level impacts of corporate-driven renewable energy
investments. Section 5 discusses the regulatory and policy landscape that governs the adoption of CPPAs across
different states. Finally, the article concludes with a forward-looking analysis of emerging trends, challenges, and
actionable recommendations for businesses and policymakers.

By analyzing the evolving corporate engagement in renewable energy procurement, this article offers valuable insights
into how CPPAs are reshaping the U.S. energy market. It also provides a strategic roadmap for businesses and
policymakers striving to accelerate the deployment of renewable energy and meet sustainability targets in the
transition to a low-carbon economy.

2 Understanding CPPAs

2.1 What CPPAs Are and How They Work

CPPAs are long-term contracts between corporations and renewable energy developers, allowing companies to
purchase electricity directly from renewable sources like wind and solar farms without owning the infrastructure. These
agreements, typically lasting 10 to 30 years, provide financial stability for both parties—developers gain the revenue
needed to secure project financing, and corporations secure predictable energy prices to hedge against market volatility.

There are three main types of CPPAs, each catering to different corporate energy strategies and risk profiles: physical
CPPAs, virtual (financial) CPPAs, and sleeved CPPAs.

2.1.1  Physical CPPAs

In a physical CPPA, the corporate buyer purchases renewable energy directly from a generator, with the energy
delivered via the grid [5]. This type suits large energy consumers with advanced management systems, as it requires
handling grid interaction and balancing. These contracts often feature fixed or indexed pricing for cost predictability
and stable revenue for developers [6].

2.1.2  Virtual (Financial) CPPAs

Virtual CPPAs are contracts-for-difference, where the buyer agrees to a fixed price, and the developer sells the energy
into the wholesale market [7]. If the market price is lower, the buyer compensates the developer; if higher, the developer
pays the buyer [8]. Virtual CPPAs allow companies to claim Renewable Energy Certificates (RECs) without changing
their existing energy supply, making them ideal for multi-market operations [10].

2.1.3 Sleeved CPPAs

In a sleeved CPPA, an intermediary (typically a utility) manages the contract between the corporate buyer and the
renewable developer, handling grid integration and regulatory compliance [11]. This option suits companies seeking a
simpler procurement process with less administrative burden while still accessing renewable energy [12].

2.1.4  CPPAs Serve as a Financial Hedge for Renewables Developer

CPPAs play a vital role in mitigating financial risk for renewable energy projects. The long-term nature of these
agreements provides developers with revenue certainty, which is crucial for securing project financing from investors
and lenders [14]. By guaranteeing a fixed price for the electricity generated, CPPAs enhance the bankability of renewable
energy projects, shielding them from the volatility of wholesale energy markets [15].

Moreover, CPPAs enable corporate buyers to directly fund the development of new wind and solar projects, thereby

facilitating the expansion of renewable energy generation [16]. In the absence of CPPAs, most renewable energy projects
would rely solely on market-based revenue streams, which often lack the predictability required by investors [17]. By
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locking in electricity prices over the long term, CPPAs also allow corporations to hedge against energy price increases
and regulatory uncertainties [18].

2.1.5  How CPPAs Function

CPPAs enable corporations to procure renewable energy under structured, long-term contracts. The process involves
several key steps:

o Negotiating the Contract: Corporate buyers and renewable energy developers agree on terms such as contract
duration, energy volume, and pricing structure. Pricing can be fixed, ensuring cost stability, or variable, aligning
with wholesale electricity market trends [1].

e Delivery and Power Supply: In Physical PPAs, the company receives renewable energy directly via the grid,
often with utility intermediaries managing grid connections [2]. In Virtual Power Purchase Agreements
(VPPASs), corporations do not take physical delivery of electricity but receive Renewable Energy Certificates
(RECs) to claim environmental benefits while the generated power is sold into the wholesale market [3]. VPPAs
are commonly used in regulated electricity markets where direct renewable energy procurement is not feasible

[4].

e Renewable Energy Credits (RECs): RECs represent carbon emission reductions and allow companies to track
and report sustainability achievements [5]. By purchasing energy through CPPAs, corporations align with ESG
goals, enhance sustainability commitments, and meet regulatory requirements [6].

2.1.6  Financial Implications

For renewable energy developers, CPPAs provide financial certainty, ensuring stable revenue to secure investment and
funding for large-scale wind and solar projects [7]. This long-term commitment makes projects financially viable,
attracting investors and lenders [8].

For corporations, CPPAs offer cost predictability, shielding businesses from energy price volatility and fluctuating fossil
fuel costs [9]. These agreements also support long-term sustainability and CSR objectives, helping businesses achieve
carbon reduction targets and improve their public environmental commitments [10].

2.2  Historical Background and Evolution of CPPAs in the U.S.

Over the past two decades, corporate renewable energy procurement in the U.S. has evolved significantly, driven by
policy innovations, technological advancements, and increasing corporate sustainability commitments [19]. The
adoption of CPPAs as a preferred mechanism for large-scale renewable energy procurement began in the early 2000s
when forward-thinking corporations sought alternatives to traditional utility-based electricity procurement models
[20].

2.2.1  Evolution of Corporate Renewable Energy Procurement

Early Development of Corporate Renewable Energy Procurement

Initially, corporations procured renewable energy by purchasing unbundled Renewable Energy Certificates (RECs),
allowing them to claim renewable energy usage without contributing to new capacity development [21]. As
sustainability goals became more ambitious, companies sought procurement methods that would directly support
additional renewable energy generation rather than reallocating existing resources [22].

CPPAs emerged as a solution, enabling businesses to enter into long-term contracts with renewable energy developers,
facilitating the construction of dedicated wind and solar farms [23]. By the early 2010s, industry leaders such as Google,
Microsoft, and Amazon pioneered CPPAs, demonstrating their financial feasibility and setting a precedent for corporate
renewable energy procurement [24]. These agreements underscored the viability of long-term renewable energy
contracts, prompting widespread adoption across various industries [25].

Policy and Regulatory Changes Supporting the Growth of CPPAs

Regulatory frameworks have played a vital role in expanding CPPAs. State-level Renewable Portfolio Standards (RPS)
mandated utilities to procure a percentage of electricity from renewable sources, creating an enabling environment for
corporate procurement [26]. Additionally, electricity market deregulation in several states allowed companies to
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purchase power directly from independent producers, bypassing traditional utility monopolies [28]. This shift
facilitated flexible, long-term contracting aligned with corporate sustainability and cost-management objectives [29].

Federal incentives, such as the Production Tax Credit (PTC) for wind and the Investment Tax Credit (ITC) for solar,
further accelerated CPPAs by reducing capital costs for developers and making renewable projects more attractive to
corporate buyers [31].

2.2.2  The 2020s: The Evolution of CPPAs

As corporate renewable energy procurement has matured, CPPAs have evolved into a key strategy across industries,
not just among Fortune 500 companies [32]. Climate-focused initiatives such as the Science-Based Targets initiative
(SBTi) and RE100 have pushed businesses toward aggressive renewable energy adoption [33].

Technological advancements in battery storage, hybrid renewable energy projects, and grid flexibility solutions have
enhanced CPPAs by addressing intermittency challenges in solar and wind energy [34]. The rise of multi-buyer CPPAs,
where multiple corporations co-invest in a single renewable project, has broadened market access, allowing smaller
businesses to participate [35].

Despite progress, challenges persist in regulated electricity markets, where state-level policies limit direct corporate
procurement of renewable energy [36]. However, ongoing policy discussions and corporate advocacy efforts continue

to drive regulatory reforms, further expanding CPPA accessibility and market strength [37].

Table 1 Types of CPPA and their Key Features

CPPA Electricity Delivery | Pricing Risk Allocation Best Suited For

Type Mechanism

Physical Direct delivery to grid | Fixed or indexed | Payer takes energy | Large corporations with
CPPA price management risk energy expertise

Virtual No physical delivery | Contract-for- Buyer exposed to market | Multi-site companies
CPPA difference price fluctuations seeking RECs

Sleeved Delivered  through | Structured Some risk shared with | Companies that prefer
CPPA intermediary pricing intermediary simplified procurement

The evolution of CPPAs will define future trajectories of corporate renewable energy procurement as further market
penetration occurs and fossil fuel dependency is reduced (38).

3 Market Trends and Corporate Adoption of CPPAs

3.1 Main Industries and Corporations with Involvement in CPPAs

CPPAs have gained widespread adoption among energy-intensive industries with ambitious sustainability targets. The
sectors at the forefront of CPPA adoption include technology, manufacturing, and retail, as companies use these
agreements to enhance operational efficiency and reduce carbon emissions [9].

3.1.1  Technology Sector

The technology sector has emerged as the primary driver of CPPAs, driven by the high electricity demand of data centers
and cloud computing infrastructure [10]. Major players such as Google, Amazon, and Microsoft have been at the
forefront of CPPA adoption to meet their renewable energy commitments. Google, for instance, became the world’s
largest corporate buyer of renewable energy through CPPAs, achieving a 100% renewable energy match for its
operations [12]. Similarly, Microsoft has utilized CPPAs as part of its strategy to become carbon negative by 2030,
committing to large-scale wind and solar projects globally [13].

3.1.2  Manufacturing Sector

The manufacturing sector has also adopted CPPAs to decarbonize energy-intensive processes [14]. Companies like
General Motors and Dow Chemical have entered into agreements to power their factories with renewable electricity,
which helps them mitigate exposure to fluctuating electricity prices [15].

683



World Journal of Advanced Research and Reviews, 2025, 25(03), 678-696

3.1.3  Retail Sector

Retailers have increasingly turned to CPPAs to meet their sustainability goals, with companies such as Walmart, Target,
and IKEA leading the charge [17]. Walmart, for example, has set one of the most ambitious renewable energy targets in
the world, aiming to run its global operations entirely on renewable energy by 2035 through CPPA agreements [18].
Target has similarly leveraged CPPAs to accelerate its wind and solar procurement, aligning with its carbon reduction
targets [19].

The growing participation of these diverse sectors underscores the critical role CPPAs are playing as a mechanism for
corporate sustainability, energy price stability, and risk management [20].

3.2 Comparative Speed of Market Growth

The U.S. CPPA market, although relatively young—having emerged around a decade ago—has experienced remarkable
growth, driven by favorable market conditions, heightened corporate climate commitments, and advancements in
renewable energy technologies [21].

3.2.1 Historical Growth Trends

Between 2010 and 2024, annual capacity contracted through CPPAs grew exponentially. In 2014, corporate buyers
contracted approximately 1.2 GW of renewable energy, but by 2022, this figure had surged to over 18 GW [23]. As of
October 2023, the U.S. CPPA market surpassed 70 GW in contracted capacity, with more than 50% of the total capacity
contracted by technology companies [24].

3.2.2  Emerging Market Trends

Key emerging trends in the CPPA market include the rise of multi-buyer CPPAs, which allow several corporations to
jointly purchase energy from a single renewable project [25]. This approach expands access to large-scale renewable
energy procurement, enabling smaller companies with lower energy demands to participate in long-term contracts [26].
Additionally, the trend of whole purchasing is gaining momentum, allowing businesses to aggregate their demand for
renewable energy and secure more favorable contract terms [27].

Another noteworthy trend is the growth of corporate sustainability-linked CPPAs, where the contract price is tied to
predetermined emissions reduction targets [28]. This mechanism strengthens the link between corporate pledges and
tangible climate action, increasing accountability in corporate sustainability initiatives [29]. Despite these advances,
challenges persist, particularly in regulated U.S. markets where policy barriers restrict access to renewable energy
projects [30].

3.3 Regulatory Barriers to CPPA Market Growth

Addressing these regulatory barriers will be crucial for sustaining the growth of the CPPA market in the coming years,

as policy reform will help unlock further opportunities for corporate participation in renewable energy procurement
[31].

FIGURE 1: Annual Installed Capacity through CPPAs in the US (2010:2024)
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Though the U.S.leads in CPPA adoption, there have also been major market developments in Europe and Asia, explaining
differences in regulatory and economic conditions (32).

3.3.1 CPPAs in Europe

The European CPPA market has experienced significant growth, particularly in regions with deregulated electricity
markets, such as Scandinavia, the UK, and Germany [33]. Unlike the U.S. market, where large corporations dominate,
European CPPAs often bring together smaller companies and consortiums to collectively access aggregated PPAs and
renewable energy projects [34].

A key driver of CPPA adoption across Europe is the EU’s commitment to climate neutrality by 2050, which has facilitated
the creation of business-friendly policies and supportive frameworks for corporate renewable procurement [35].
However, challenges persist in countries with state-controlled energy markets, such as France and Spain, where
regulations limit direct corporate procurement of renewable energy [36].

3.3.2 CPPAs in Asia

The CPPA market in Asia is still emerging and remains less developed due to regulatory constraints and centralized
energy systems [37]. Nevertheless, countries like India, Japan, and Australia have seen increased CPPA activity, driven
by multinational corporations intensifying their sustainability efforts [38].

In India, government policies encouraging corporate renewable energy procurement have accelerated CPPA
development, with industrial companies and data centers leading the way [39]. Japan, motivated by the need to reduce
dependence on imported fossil fuels, has also introduced policies supporting CPPAs [40]. However, complex approval
processes and infrastructure limitations continue to pose barriers to CPPA scalability in many Asian countries,
hindering the growth of the market when compared to the U.S. and Europe [41].

3.3.3  Lessons for the U.S. Market

The U.S. can gain valuable insights from the CPPA markets in Europe and Asia, particularly in expanding access for
smaller corporate buyers and simplifying regulatory frameworks in more restrictive states [42]. Implementing
European-style aggregated purchasing models would democratize access to CPPAs, enabling more companies to
participate. Additionally, streamlining regulatory processes would allow for broader participation in CPPA agreements
across the U.S. [43].

As global CPPA adoption continues to rise, harmonizing policy frameworks and facilitating cross-border renewable
energy procurement will become increasingly vital, enabling companies worldwide to meet their sustainability goals
[44].

4  Impact of CPPAs on Large-Scale Renewable Energy Projects

4.1 Economic and Financial Impact

CPPAs are critical to the financial success of renewable energy developers by providing long-term revenue streams and
mitigating exposure to market volatility [14]. These agreements enhance the bankability of renewable energy projects
by reducing the economic risks and making them more attractive to investors [15].

4.1.1  Payment Certainty for Developers

One of the primary benefits of CPPAs is the provision of stable cash flows for renewable energy projects [16]. Unlike
projects dependent on wholesale electricity market prices, which are subject to price volatility, CPPA-backed projects
can rely on fixed or indexed pricing negotiated in advance, insulating developers from market fluctuations [17]. This
stability is particularly crucial for wind and solar projects, which require significant upfront capital and revenue
certainty to ensure project viability [18]. Additionally, CPPAs help mitigate risks associated with policy changes,
providing long-term financial security by reducing the uncertainty of subsidy cuts and other regulatory shifts [19].

4.1.2  Facilitating Project Financing

Financing is one of the most challenging aspects of renewable energy development [21]. Banks and institutional
investors require reliable long-term income streams to approve projects [22]. CPPAs offer this certainty by
guaranteeing revenue for 10 to 20 years, which enables developers to secure debt and equity financing [23]. Without
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CPPA financing, most large-scale wind and solar projects would struggle to attract investors, as merchant-based
renewable projects (those relying on wholesale market sales) are viewed as too risky due to price volatility [24]. The
predictability of CPPAs reduces investment risks and lowers the cost of capital, making renewable energy projects more
viable [25].

4.1.3  Liquidity Guarantees and Regional Effects

CPPAs also help mitigate exposure to energy price fluctuations by shifting the price volatility risk from developers to
corporate buyers, who are better positioned to absorb these changes [26]. Developers benefit from predictable income
streams, while corporate buyers secure long-term energy prices, shielding themselves from rising costs [27].
Furthermore, CPPAs contribute to the resilience and diversification of the energy market, reducing reliance on fossil
fuels and increasing the share of clean energy sources [28]. The widespread adoption of CPPAs has created a more
competitive renewable energy market, driving down costs for wind and solar energy [29]

Table 2 CPPAs' Value for Renewable Energy Developers and Corporations

Stakeholder Significant Financial Gains

Renewable Energy Developers | Revenue stability, easier project financing, reduced market risk (30)

Corporate Off-Takers Long-term price stability, lower energy cost volatility, sustainability alignment (31)

4.2 CPPAs’ Role in Expanding Wind and Solar Energy

CPPAs have played a pivotal role in the global growth of wind and solar energy capacity [32]. By providing a stable
revenue model, CPPAs have enabled the development of large-scale renewable energy projects [33].

4.2.1  Market Developments and Corporate PPAs

Corporate-backed wind and solar projects in the U.S. have accumulated over 70 GW of capacity over the past decade,
marking a significant transformation in the renewable energy sector [34]. These projects are primarily located in
regions with high corporate energy demand and supportive policy environments. Wind energy has been the major
beneficiary of CPPAs, with large corporations financing substantial onshore and offshore wind farms [36]. Additionally,
corporate demand for clean electricity has driven the growth of solar energy, particularly in utility-scale photovoltaic
(PV) projects [37].

4.2.2  Case Studies: Key Renewable Energy Projects Financed via CPPAs

Several high-profile renewable energy projects have been enabled by CPPAs, including:

e Google’s 1.6 GW Renewable Energy Portfolio (2019): Google became the largest corporate buyer of
renewable energy globally by signing multiple CPPAs totaling 1.6 GW, supporting wind and solar projects
across the U.S,, Chile, and Europe [38].

e Amazon’s Solar Expansion (2021): As part of its goal to power all operations with 100% renewable energy
by 2025, Amazon has backed numerous CPPA-financed projects, including a 375 MW solar farm in Virginia [40].

e Microsoft’s Wind Power Investment (2023): Microsoft leveraged CPPAs to secure over 10 GW of renewable
energy capacity, significantly advancing its carbon reduction goals [41].

These case studies illustrate how CPPAs are driving substantial renewable energy investments and accelerating the
adoption of clean energy at an unprecedented scale [42].

686



World Journal of Advanced Research and Reviews, 2025, 25(03), 678-696

—a— Wind Projects (GW]
Solar Projects [GW)

i
I

=t ] %] i

(g} (==} [S] [=}

Installed Capacity {GW
i
=]

2010 2012 2014 2016 7018 2020 2022 2024
ear
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4.3 Considerations for Grid Integration and Infrastructure

While CPPAs and self-consumption are prioritized for renewable energy expansion [30], challenges often arise in their
implementation due to grid integration issues and infrastructure delays in renewable energy projects [32]. As CPPAs
drive growth in renewable energy capacity, the integration into existing grids and the development of necessary
infrastructure become crucial [43]. Additionally, challenges include finding suitable sites for large-scale wind and solar
projects, which can destabilize grids and require expanded transmission networks and energy storage [44].

4.3.1  Stable Grids and Variable Energy from Renewables

A major challenge associated with CPPA-driven renewable projects is the intermittency of wind and solar energy [45].
Unlike fossil fuel plants, which provide a stable baseload electricity supply, renewable energy sources depend on
weather conditions, leading to fluctuations in power supply [46]. To address this, utilities and grid operators are
implementing advanced forecasting, grid balancing systems, and battery storage technologies to ensure a reliable
energy supply [47]. As CPPA signatories increasingly demand that projects include energy storage for improved
reliability and to mitigate curtailment risks, co-located storage is becoming a key component in renewable energy
procurement [48].

4.3.2  Development of Transmission Infrastructure

The large-scale deployment of CPPA-backed wind and solar projects requires significant investment in transmission
infrastructure to transport electricity from generation sites to consumption areas [49]. Many renewable projects are
located in remote areas with limited grid connectivity, necessitating the development of new transmission lines and
upgrades to existing networks [50]. Policy and regulatory support play a critical role in accelerating transmission
expansion, as permitting and regulatory uncertainty can slow down infrastructure development [51]. Regions with
strong transmission planning, like Texas (ERCOT), have seen the successful integration of renewable energy through
CPPA-backed projects [52]. To ensure the success, scalability, and reliability of CPPA-backed renewable power projects,
continued investment in grid modernization, transmission expansion, and energy storage technologies is essential

5 Policy and Regulatory Considerations

5.1 Current Federal and State-Level Policies Impacting CPPAs

Federal incentives and tax credits, alongside state-specific policies designed to streamline corporate renewable energy
procurement [18], have played a significant role in shaping the CPPA market. These regulatory frameworks make
renewable projects financially viable and incentivize corporations to invest in clean energy [19].
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5.1.1  Federal Incentives and Tax Credits Fueling CPPA Expansion

Tax incentives and subsidies at the federal level are crucial in making CPPAs a viable option for renewable energy
developers and corporate off-takers [53]. The two primary financial incentives are:

e Investment Tax Credit (ITC): The ITC provides tax benefits to solar developers, reducing upfront capital costs
and making solar projects more economically viable for CPPA-backed financing [54]. This credit has been
instrumental in the development of large-scale solar projects [22].

e Production Tax Credit (PTC): The PTC offers per-kilowatt-hour tax benefits to wind energy developers,
ensuring cash flow for CPPA-backed wind projects [23]. This incentive has greatly boosted wind farm
installations, especially in states with high wind energy potential like Texas, lowa, and Oklahoma [24].

The IRA, passed in 2022, further strengthened these incentives by extending tax credits and introducing new funding
mechanisms, including direct payouts for corporations without tax liabilities, making renewable energy projects more
accessible to a broader range of companies [25][26].

5.1.2  State Policies that Encourage Corporate Renewable Procurement

e State-level policies also significantly impact the CPPA market. Aggressive Renewable Portfolio Standards (RPS)
in some states require utilities to source a portion of their electricity from renewables, indirectly supporting
the CPPA market [27]. Notable state policies include:

Texas (ERCOT Market): Texas is a deregulated electricity market, allowing direct CPPA negotiations between corporate
buyers and renewable developers [28]. As a result, Texas leads the U.S. in CPPA-backed wind and solar projects [29].

California (SB 100 Policy): California’s Senate Bill 100 mandates 100% clean electricity by 2045, driving corporate
demand for CPPAs as a compliance tool [30]. The state's ambitious climate targets make it an attractive market for
corporate renewable energy procurement [31].

Illinois (FEJA): Illinois offers financial incentives and subsidies for renewable projects contracted under CPPAs, further
encouraging corporate participation [32].

Additionally, state-level green tariff programs provide another mechanism for corporations to procure renewable
energy, particularly in regulated markets, though these are not direct CPPAs [33][34].

5.2  Challenges and Legal Barriers to CPPA Implementation

Despite their advantages, CPPAs face challenges such as complex contracts, regulatory uncertainty, and risks in the
power market [35]. Contract Complexities and Regulatory Uncertainties

CPPAs, typically long-term agreements (10-20 years), often involve complex negotiations around [36]:

e Fixed vs. indexed pricing structures
e Curtailment risk allocation (e.g., consequences if energy cannot be delivered due to grid congestion) [37]
e Force majeure provisions (to address unforeseen events impacting energy delivery) [38]

In regulated U.S. markets, direct procurement remains unavailable to corporate buyers, as utilities maintain monopoly
rights to sell energy [39]. In some states, corporate buyers are prohibited from entering direct PPAs, necessitating
intermediaries or reliance on green tariff programs [40]. Regulatory uncertainty, such as changes in net metering,
renewable energy subsidies, or carbon pricing policies, can also undermine the economic feasibility of CPPA-backed
projects [41][42].

52.1  Volatility in the Power Market and Price Risk

Another significant risk with CPPAs, particularly Virtual PPAs (VPPAs), is exposure to power market volatility [43].
For VPPAs, the financial settlement depends on wholesale electricity prices, which can put corporate buyers at risk of
financial losses if market prices fall below the agreed CPPA rate [44]. Risks related to market volatility include:
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e  Fluctuations in wholesale electricity prices [45]
e Transmission congestion charges, which can increase costs for corporate buyers [46]
e Regulatory changes that impact energy market structures and lead to unexpected financial consequences [47]

To mitigate these risks, corporations often adopt hedging strategies, such as adding energy storage solutions to their
portfolios or diversifying their CPPA agreements [48].

6 Sustainability and Environmental Impacts

6.1 CPPAs as a Key Driver for Achieving Carbon Reduction Targets

CPPAs have become a vital mechanism for corporations aiming to meet their sustainability and carbon reduction
targets, while also facilitating large-scale renewable energy procurement [18]. Numerous multinational companies,
including those committed to initiatives like RE100 and the Science-Based Targets Initiative (SBTi), have set ambitious
goals for decarbonization, striving to source 100% renewable energy [19]

6.1.1  Alignment with Corporate Sustainability Targets

More companies are incorporating CPPAs into their sustainability strategies to decarbonize the greenhouse gas (GHG)
emissions associated with electricity consumption [20]. Approximately 75% of these companies enter long-term
contracts with renewable energy developers for some or all of the new energy produced, contributing to the creation of
fresh clean energy sources rather than just purchasing unbundled Renewable Energy Certificates (RECs) [21].

CPPAs also provide companies with a way to hedge against long-term energy price volatility, offering cost predictability
while meeting sustainability goals [22]. Tech giants such as Google, Microsoft, and Amazon have used CPPAs to
decarbonize their data centers and global operations, significantly reducing their carbon footprints [23]. According to
the International Energy Agency (IEA), over 250 million metric tons of CO, have been avoided through corporate
procurement via CPPAs since 2010, with this impact expected to grow as more companies commit to net-zero carbon
strategies [24][25].

6.1.2  Shifting to the Source: Reducing GHG Emissions through Large-Scale Renewable Energy Procurement

CPPAs displace coal and natural gas generation by increasing the share of wind and solar power in the grid, leading to
substantial reductions in GHG emissions [26]. Research indicates that each 1 GW of corporate-backed renewable energy
can eliminate approximately 1.3 million metric tons of CO, annually, equivalent to removing about 280,000 cars from
the road each year [27].

In addition to direct CO, reductions, CPPAs help decrease emissions of nitrogen oxides (NOy) and sulfur dioxide (SO,),
pollutants linked to respiratory diseases and acid rain [28]. The corporate adoption of CPPAs has accelerated the
retirement of fossil fuel plants and spurred broader decarbonization efforts across the energy sector [29]. As
corporations continue to scale their renewable energy purchases, CPPAs are expected to play an increasingly pivotal
role in helping achieve both financial and climate action goals, contributing to the global transition to a low-carbon
economy [30].

6.2 Social and Economic Benefits of CPPAs

In addition to their environmental advantages, CPPAs provide significant social and economic benefits, particularly in
areas where renewable energy projects are sited [21]. These agreements help stimulate rural revitalization, workforce
expansion, and corporate social responsibility (CSR) efforts, leading to lasting socioeconomic improvements [22].

6.2.1  Economic Growth and Job Creation

CPPAs drive substantial investment in wind and solar infrastructure, creating numerous jobs across the renewable
energy supply chain [23]. Since 2010, renewable projects supported by CPPAs have been responsible for more than
500,000 direct and indirect job opportunities, according to the U.S. Department of Energy [24]. These roles span across
sectors, including:

e Manufacturing and Supply Chain: Jobs related to the production of wind turbines, solar panels, and electrical
systems [25].
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e Construction and Engineering: Employment in the design and construction of renewable energy plants [26].

e Operations and Maintenance: Roles focused on ensuring the ongoing performance and reliability of
renewable energy projects [27].

Local businesses and service industries in communities hosting renewable energy projects also benefit as demand for
housing, food services, and transportation increases [28]. Additionally, CPPAs attract private investment in clean-
energy infrastructure, promoting regional economic development [29].

6.2.2  Corporate Social Responsibility and Community Engagement

Many corporations utilizing CPPAs are also implementing community development programs in the areas where their
renewable energy projects are located [30]. To ensure that local communities benefit from job opportunities in the
renewable energy sector, corporate buyers often collaborate with local governments and stakeholders to establish
workforce training programs [31].

For instance, Amazon’s CPPA-backed wind farms in Texas have funded STEM education initiatives and job training
programs, helping local workers transition to the clean energy economy [32]. Similarly, Google’s renewable energy
projects in the Midwest have invested millions of dollars in public infrastructure, improving schools, roads, and public
services [33].

Moreover, CPPA-supported projects contribute to energy equity by providing more widespread access to affordable,
clean power in disadvantaged communities [34]. Some corporations have also launched low-income energy assistance
programs as part of their CPPA commitments to ensure that underserved populations benefit from the clean energy
transition [35].

Table 3 Benefits of Al in Decentralized Renewable Energy Systems

Category Economic Benefit

Direct Employment Jobs in manufacturing of wind turbines, solar panels, and electrical systems [36].

Construction & Engineering | Jobs in the infrastructure development for renewable projects [37].

Operations & Maintenance Ongoing employment in grid and facility maintenance [38].

Local Business Development | Growth in revenue for local businesses surrounding project sites [39].

CSR Initiatives Corporate sponsorship for education, training, and public services [40].

Through job creation, local investment, and community engagement, CPPAs not only advance corporate sustainability
goals but also generate real-world social value, reinforcing their importance in the transition to renewable energy [41].

7 Future Outlook and Emerging Trends

7.1 Innovations in CPPA Structures

CPPAs continue to evolve, incorporating new financial and technological models to enhance corporate renewable
energy procurement's flexibility, resilience, and efficiency [25]. Recent innovations, such as hybrid PPAs, storage-
backed PPAs, and peer-to-peer (P2P) energy trading, are addressing challenges like intermittency, grid integration, and
market volatility [26].

7.1.1  The Rise of Hybrid PPAs

Hybrid PPAs combine different renewable energy sources, such as wind and solar, to provide more consistent energy
delivery [27]. By merging complementary generation technologies, hybrid PPAs reduce reliance on a single energy
source, thus minimizing intermittency and ensuring a stable grid [28].

For instance, a hybrid CPPA that integrates wind power (which generates energy at night) and solar energy (which
produces during the day) smooths supply, minimizes variability, and ensures a more predictable electricity supply [29].
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Hybrid PPAs have been adopted by companies like Facebook and Shell Energy to diversify their renewable energy
portfolios [30].
7.1.2  Storage-Backed PPAs

Storage-backed PPAs incorporate energy storage systems, such as batteries, alongside renewable energy procurement.
This allows corporations to store excess electricity during periods of high production and draw from this storage when
demand is high, enhancing grid reliability and reducing curtailment risks [31].

Tech giants like Microsoft and Apple have pioneered CPPAs integrating energy storage, developing large-scale projects
that offer flexibility for the grid while ensuring a steady supply of renewable energy [33].
7.1.3  Data-Driven Peer-to-Peer (P2P) Energy Trading

Technological advancements, particularly in blockchain and decentralized energy markets, have made peer-to-peer
(P2P) energy trading a viable option. This innovation enables corporations to buy and sell renewable energy directly
within a corporate community, creating a real-time and more affordable renewable energy market [34].

Companies like IKEA and Tesla are exploring P2P energy trading platforms powered by blockchain-based smart
contracts to streamline energy transactions among corporate entities [36]. These innovations in CPPA structures are
transforming the corporate energy landscape, increasing flexibility, resilience, and cost-effectiveness while accelerating
the global transition to carbon-neutral operations [37].

7.2 The Post-Forecast for Corporate Renewable Energy Procurement

7.2.1  Corporate Renewable Energy Procurement Market Outlook

The corporate renewable energy procurement market is expected to maintain its growth momentum through the 2030s,
fueled by corporate sustainability commitments, regulatory support, and technological advancements [38].

7.2.2  Forecast for CPPA Adoption in the Next 10 Years

Global CPPA capacity is projected to exceed 500 GW by 2035, marking a fivefold increase from 2024 [39]. Key factors

driving this growth include:

e Stronger Corporate Net-Zero Commitments: Companies across sectors are increasingly focused on
transitioning to 100% renewable energy [40].

o Decreasing Costs for Wind and Solar Power: The reduction in costs for wind and solar energy makes CPPAs
more financially viable [41].

e Expansion of Hybrid and Storage-Backed PPAs: These innovations help address grid integration issues and
enhance energy security [42].

In the United States, the CPPA market is expected to grow at a compound annual growth rate of 15%, reaching
approximately 200 GW of cumulative contracted capacity by 2035 [43]. This growth is also anticipated in Europe,
particularly in deregulated energy markets like Germany, the UK, and the Nordics [44].

7.2.3  Effects of Policy Reforms and Market Transformations

The future of corporate renewable procurement will be influenced by regulatory frameworks [45]. Several policy
changes that could impact CPPA adoption include:

e Widespread Adoption of Carbon Pricing: Carbon pricing mechanisms in major markets may increase the
cost competitiveness of renewables over fossil fuels [46].

e Incentives for Energy Storage Integration: New incentives for integrating storage solutions will support the
growth of storage-backed CPPAs [48].

e Grid Infrastructure Upgrades: Improvements to grid infrastructure will enable the better transmission of
renewable energy generated through CPPAs [49].

691



World Journal of Advanced Research and Reviews, 2025, 25(03), 678-696
Policies like the Inflation Reduction Act (IRA) and similar measures in Europe and Asia are expected to accelerate
corporate renewable energy investments by extending tax credits and simplifying procurement processes [50].

Emerging economies, particularly India, China, and Brazil, are also poised for significant CPPA growth, driven by
corporate decarbonization pledges and national renewable energy goals [51].

. —8— HNorth America [GW]

120 —ma Europe [GW]
. == Acia-Pacific (GW)
= =#= Latin america [GW]
o 100
g
=
T oant
[+
L
EI: _'_._,..-"‘
o B0
(]
g
5 40f
=) 4
o F_H___'___,..—-'

20t R Ly

= 4= r
2026 2028 2030 2032 2034

Year

Figure 3 Future Growth of Corporate Renewable Energy PPAs (2025-2035)

In the next 10 years, corporate renewable energy procurement will become a transformational force, with CPPAs
emerging as a mainstream tool for carbon neutrality that will catalyze and accelerate the global clean energy transition.

8 Conclusion and Recommendations

8.1 Summary of Key Findings on the Role of CPPAs in U.S. Renewable Energy Expansion

CPPAs have become a cornerstone of corporate renewable energy procurement in the U.S. driving large-scale
investments in wind and solar power. Over the past decade, CPPAs have accelerated renewable energy deployment,
reducing reliance on fossil fuels while supporting corporate sustainability goals. By offering long-term price stability
and emission reduction opportunities, these agreements benefit both energy developers and corporate off-takers.

A key impact of CPPAs has been their role in improving the financial viability of renewable energy projects. By providing
guaranteed revenue streams, CPPAs reduce market risks for developers, facilitating easier access to financing. Without
these agreements, many large-scale renewable projects would struggle to secure investment due to uncertainties in
wholesale electricity markets. CPPAs have not only driven corporate renewable procurement but have also played a
crucial role in making clean energy projects more bankable.

Regional variations in CPPA adoption remain a significant factor in their expansion. States with deregulated electricity
markets, such as Texas and Illinois, have led CPPA adoption, while regulated states face barriers due to limited access
to direct procurement. Addressing these regulatory disparities will be critical for ensuring broader access to CPPAs
across all U.S. markets.

CPPAs have also played a major role in corporate decarbonization efforts by enabling businesses to replace carbon-
intensive electricity with renewable energy. Widespread adoption across industries—including technology,
manufacturing, and retail—demonstrates the scalability of CPPAs in reducing corporate carbon footprints.

Despite their successes, CPPAs present challenges, including contract complexity, exposure to market volatility, and
regulatory uncertainties. However, emerging innovations such as hybrid CPPAs, storage-backed agreements, and peer-
to-peer (P2P) energy trading offer promising solutions to enhance CPPA effectiveness by addressing intermittency and
increasing procurement flexibility.
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8.2 Policy Recommendations

82.1  Expanding Access to CPPAs in Regulated Markets

One of the most significant barriers to CPPA expansion is the lack of direct procurement options in regulated states.
Policymakers should introduce mechanisms such as green tariff programs or regulatory carve-outs for large energy
consumers to enable CPPA participation in these markets. Expanding CPPA accessibility nationwide will create a more
level playing field for corporate renewable investments.

As CPPA-backed renewable projects scale up, grid infrastructure must be modernized to accommodate increasing levels
of variable renewable energy. Federal and state investments in transmission expansion, especially in high-renewable
potential regions with limited grid capacity, are essential. Strengthening interregional grid connections will improve
the efficiency of CPPA-generated electricity distribution while minimizing curtailment risks.

Wind and solar energy variability poses challenges for grid reliability, particularly in high-renewable penetration
scenarios. Policymakers should introduce incentives for energy storage integration in CPPA-backed projects to stabilize
the energy supply. Tax credits and financing support for storage-backed CPPAs will enhance corporate energy resilience
and grid reliability. Streamlining Permitting Processes for Renewable Energy Projects

Complex and lengthy permitting processes delay the development of CPPA-backed wind and solar projects.
Governments should implement streamlined permitting procedures to accelerate clean energy deployment. Clear
regulatory guidelines and reduced bureaucratic hurdles will ensure faster approval timelines for corporate-backed
renewable projects. Implementing Long-Term Carbon Pricing Mechanisms

Establishing or strengthening carbon pricing policies will improve the economic case for renewable energy
procurement by increasing the cost of fossil-fuel-based electricity. A well-structured carbon pricing framework will
incentivize corporations to engage in CPPAs as a cost-effective means of reducing emissions while ensuring compliance
with long-term sustainability regulations.

8.2.2  Diversifying CPPA Portfolios to Manage Market Risks

To mitigate risks from price volatility and generation intermittency, corporations should adopt diversified CPPA
portfolios, combining various contract types, energy sources (wind, solar, hybrid), and geographic locations. This
approach ensures financial stability and energy reliability.

Leveraging Hybrid and Storage-Backed CPPAs enhances energy security by integrating renewables with battery
storage, allowing access to power when needed rather than relying solely on real-time generation.

Participating in Aggregated and Multi-Buyer CPPAs enables small and medium-sized enterprises (SMEs) to jointly
procure renewable energy, increasing access to clean energy markets. Large corporations should facilitate partnerships
with SMEs to broaden CPPA adoption.

Aligning CPPAs with ESG Goals strengthens corporate sustainability by integrating renewable procurement into
Environmental, Social, and Governance (ESG) strategies. Companies should set clear carbon reduction targets, report
sustainability impacts, and ensure that CPPA-backed projects benefit local communities.

Exploring Peer-to-Peer Energy Trading and Blockchain-Based CPPAs enhances transparency and procurement
flexibility. Digital marketplaces allow businesses to trade surplus renewable energy, optimizing cost efficiency.

The future of CPPAs will be shaped by policy reforms, technological advancements, and corporate sustainability
commitments. Expanding grid infrastructure and incentivizing energy storage will be key to scaling corporate
renewable procurement. As businesses push toward net-zero targets, innovations in multi-buyer CPPAs, decentralized
trading, and digital energy markets will ensure widespread participation in the clean energy transition.
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