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Introduction to Power Purchase Agreements

Power Purchase Agreements (PPAs) have emerged as a critical instrument in the
energy sector, significantly influencing how electricity is produced, procured, and
consumed. In the modern energy marketplace, these long-term contracts between
energy producers and purchasers define the sale terms of electricity generated from
specific projects. Historically, utilities were the primary buyers under PPAs, purchasing
energy from various sources, including fossil fuels and renewables. This model gave
utilities a steady energy supply while enabling developers to recover project costs over
time.

With the global transition toward a more sustainable and carbon-neutral energy grid,
the role of PPAs has evolved dramatically. While utilities remain major participants in
the PPA space, a growing number of corporations and non-utility entities have begun
to enter into these agreements, motivated by a range of factors, including
sustainability mandates, the desire for energy price stability, and opportunities to
hedge against the volatility of electricity markets. This shift profoundly alters traditional
energy market structures and reshapes how energy pricing and procurement function
across industries.

This white paper explores how long-term PPAs drive the rapid deployment of
renewable energy projects, reshaping energy market structures, impacting pricing
models, and helping corporations achieve ambitious sustainability goals. By
understanding the mechanics of PPAs and their broader market implications, energy
producers, investors, and corporate buyers can better navigate this evolving
landscape.
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The Mechanics of a PPA

At their core, PPAs are financial instruments designed to create a predictable revenue stream
for energy producers while providing buyers with certainty regarding future electricity prices. A
PPA usually specifies the amount of energy the producer will deliver, the agreed-upon price per
megawatt-hour (MWh), and the contract's duration—typically 10 to 25 years. These long-term
contracts are particularly critical in the renewable energy sector, where the capital-intensive
nature of projects such as wind farms or solar arrays requires a secure source of revenue to
ensure financial viability.

The predictability provided by PPAs makes it easier for renewable energy developers to secure
financing, as investors view the guaranteed revenue stream as a hedge against market risks.
Developers may need a PPA to attract capital, given the uncertainty around energy prices and
potential revenue from new projects. The financial commitments from PPAs reduce the risk
profile of these projects, enabling developers to leverage more favorable financing terms, such
as lower interest rates and extended credit lines. This access to capital has been a driving
factor behind the explosive growth of renewable energy capacity worldwide.

PPAs can be structured in several ways, with the two most common types being physical PPAs
and virtual PPAs (VPPAs). In a physical PPA, the energy producer delivers electricity directly to the
buyer, who then consumes or resells it through the local grid. These agreements often involve
utilities as intermediaries, ensuring electricity is transmitted from the generator to the buyer's
facilities.

In contrast, virtual PPAs, also known as financial PPAs or contracts for differences, are purely
financial arrangements. In this model, the energy producer sells its electricity into the wholesale
market, while the buyer and seller settle the difference between the PPA price and the prevailing
market price. The buyer does not physically take delivery of the electricity but benefits from the
price hedging and renewable energy credits associated with the PPA. This structure is
particularly popular with large corporations that may not need the physical electricity but are
seeking to meet sustainability targets or lock in favorable energy prices.

PPAs also allow for innovative contract terms that can address the challenges of renewable
energy variability. Since renewable energy generation depends on factors like weather
conditions, PPAs often include provisions for energy storage or flexibility mechanisms to ensure
a stable supply. For example, a PPA might include a clause that allows the developer to invest in
battery storage to mitigate periods of low production. This flexibility further enhances the
attractiveness of renewable energy projects in a grid that increasingly depends on intermittent
power sources.
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Long-Term PPAs

Catalysts for Renewable
Energy Deployment

How PPAs Are Disrupting Traditional Energy Markets

Long-term PPAs are among the most effective tools for driving the deployment of
renewable energy. The renewable energy industry, particularly wind and solar power,
requires significant upfront capital investment for project development. This is
compounded by the fact that these energy sources—though abundant and free in
nature—are subject to output variability depending on weather and time of day.
These uncertainties create financial risks for developers, who must convince
investors that their projects can provide a consistent return on investment.

Corporations Drive Renewable Energy with Direct Procurement

PPAs are a financial anchor for renewable energy developers, guaranteeing a fixed
revenue stream over the contract’s duration. This security allows developers to tap
into capital markets confidently, leveraging the revenue certainty the PPA provides to
secure loans and equity investment. Investors and banks are more likely to support
projects with long-term PPAs because the risks associated with fluctuating market
prices are mitigated. By effectively de-risking renewable energy projects, PPAs have
opened the floodgates for significant global investment in renewable energy
infrastructure.
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Corporate PPAs Fuel

The growth in renewable energy capacity tied to PPAs is staggering. In recent years,
the corporate PPA market has expanded rapidly as businesses—motivated by
sustainability targets and financial incentives—seek to source their electricity from
renewable energy. According to industry reports, corporate PPAs alone accounted for
over 23 GW of renewable energy capacity in 2021 and doubled in 2023 to 46 GW, with
even higher growth expected in the coming years. This has led to a surge in large-
scale wind and solar projects, many of which would not have been financially viable
without the backing of long-term PPAs.

e
- Lowering Re

PPAs also enable developers to aggregate demand across multiple buyers, leading
to larger renewable energy installations. For example, a developer might sign
multiple PPAs with different corporate buyers, each agreeing to purchase a portion of
the output from a large solar farm. This aggregation creates economies of scale,
which help reduce the overall cost of renewable energy production. As a result, the
price of electricity generated from renewable sources has fallen significantly over the
past decade, making it more competitive with, and often cheaper than, fossil fuel-
lbased generation.

Stabilizing Energy Sy

Furthermore, the stability offered by PPAs extends beyond financial markets to the
broader energy system. As renewable energy becomes a larger share of the global
energy mix, grid operators must adapt to manage intermittent power sources. The
long-term nature of PPAs provides the stability for grid operators to plan and invest in
the infrastructure required to integrate large amounts of renewable energy. For
instance, PPAs can support investments in grid-scale battery storage, smart grid
technologies, and other innovations that help smooth the variability of renewable
energy production.
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The Impact

PPAs on Market Structures

PPAs are profoundly reshaping energy market structures, challenging the traditional model in
which large, centralized utilities dominate energy procurement and generation. Historically,
utilities owned and operated the majority of generation assets and controlled the transmission
and distribution of electricity to consumers. PPAs, particularly those signed by corporate entities,
have decentralized energy procurement and introduced a more competitive dynamic into the
energy market.

Corporations, motivated to meet sustainability goals, manage energy costs, and protect
against market volatility, are now major players in energy procurement. Tech giants like
Amazon, Google, and Microsoft have signed multi-year agreements with renewable energy
developers, securing a significant share of the energy produced by large wind and solar farms.
These corporate PPAs enable businesses to bypass traditional utilities and directly source
energy from renewable projects.

This shift has led to increased competition in the marketplace, driving utilities to innovate and
offer new products to compete with corporate buyers. Some utilities have responded by
offering renewable energy tariffs or green power programs that allow their customers to
purchase electricity generated from renewable sources. Others are entering the PPA market
themselves, signing agreements with developers to add renewable energy to their portfolios
and meet regulatory requirements such as renewable portfolio standards (RPS).

The decentralization of energy procurement through PPAs has also facilitated the development
of merchant renewable energy projects—projects that operate without a long-term contract
with a utility. These projects are often built based on the expectation of future PPA agreements
with corporate buyers or to sell electricity directly into the wholesale market. The rise of
merchant projects further diversifies the energy market, contributing to a more competitive and
dynamic energy landscape.

The increasing volume of renewable energy entering the grid through PPAs also presents
challenges for grid operators, who must ensure grid reliability despite the variability of wind and
solar power. The need for advanced grid management systems becomes critical as more
renewable energy is integrated into the grid. This includes investment in energy storage
solutions, demand response programs, and the development of smart grid technologies that
can respond to fluctuations in supply and demand.

PPAs are thus not only transforming energy market structures but are also driving the evolution
of grid technologies. The increasing reliance on renewable energy through PPAs is prompting
investments in the infrastructure needed to ensure that the grid remains reliable, resilient, and
capable of accommodating a growing share of intermittent energy sources.
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The Impact

Energy Pricing

PPAs are profoundly impacting energy pricing, particularly in regions with significant renewable
energy expansion. One of the defining features of a PPA is the fixed-price structure, which allows
buyers and sellers to lock in a price for electricity over the contract’s duration. This provides
price stability and predictability, shielding both parties from the volatility of wholesale electricity
markets.

For renewable energy developers, the fixed price of a PPA ensures that they can cover the costs
of building and operating their projects, even if market prices fluctuate. For buyers, particularly
corporations, the ability to lock in a stable electricity price over the long term is a powerful
incentive. It allows them to manage energy costs more effectively, hedge against market price
spikes, and achieve budget certainty.

In markets where renewable energy capacity has expanded rapidly through PPAs, the
increasing share of low-cost renewable energy is exerting downward pressure on wholesale
electricity prices. Wind and solar projects have very low marginal costs of generation since the
"fuel” (wind and sunlight) is free. As more renewable energy enters the grid, it displaces more
expensive fossil fuel generation, which traditionally sets the marginal price for electricity in
many markets. Combined with the near-zero marginal cost of renewable energy, this
displacement effect often leads to lower overall electricity prices in competitive wholesale
markets.

The impact of renewable energy on energy pricing, particularly through PPAs, can be seen in
several regions globally. For example, in areas with high penetration of renewable energy, such
as Texas and California in the United States, adding wind and solar capacity has contributed to
a notable decrease in wholesale electricity prices. As more renewable projects come online
through PPAs, this trend is expected to continue, benefiting consumers and businesses with
lower energy costs.

However, while PPAs help drive down prices, they can also introduce complexity into pricing
mechanisms. A long-term fixed-price PPA may diverge significantly from real-time market
prices. For instance, if market prices fall below the PPA price, the buyer may find themselves
paying more than the prevailing market rate for electricity. On the other hand, if market prices
rise above the PPA price, the buyer benefits from cost savings. These market dynamics have led
to the development of financial products such as collars, caps, and other hedging tools that
allow buyers to manage their exposure to price fluctuations.

Virtual PPAs (VPPAs) offer additional flexibility to mitigate such risks. In a vPPA, the buyer does not
physically take delivery of the electricity but instead receives or makes payments based on the
difference between the PPA and market prices. This allows buyers to hedge against energy
price volatility without directly impacting their physical energy procurement. By balancing their
portfolio between PPAs and VPPAS, corporations can mitigate the financial risks associated with
price divergence while advancing their sustainability objectives.

The broader impact of PPAs on energy pricing also extends to the overall competitiveness of
renewable energy technologies. As the cost of wind and solar continues to decline, PPAs have
played a key role in making these technologies cost-competitive with traditional forms of
generation. The economies of scale realized through large PPA-backed projects have
accelerated the price decline for renewable energy, helping to close the gap with conventional
power generation and, in many cases, making renewables the cheaper option.
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Corporate Sustainability
and the Rise of Renewable PPAs

One of the most significant drivers behind the proliferation of PPAs in
recent years is the rise of corporate sustainability goals. Companies
across industries are increasingly committing to ambitious environmental,
social, and governance (ESG) targets, with many pledging to reduce or
eliminate their carbon footprints, source 100% of their electricity from
renewable sources, and achieve net-zero emissions. PPAs have emerged
as a strategic tool for corporations to meet these goals, offering a way to
directly support renewable energy development while locking in energy
cost savings.

For many companies, PPAs provide a clear path toward meeting their
renewable energy commitments. By entering into a PPA with a renewable
energy developer, corporations can claim the environmental benefits of
the electricity generated, such as renewable energy certificates (RECs) or
carbon offsets, which can then be used to demonstrate progress toward
sustainability targets. This enables companies to report that they are
sourcing a percentage—or even 100%—of their energy from renewable
sources, regardless of their physical location or proximity to renewable
energy infrastructure.

Beyond helping companies achieve their sustainability goals, PPAs also
offer reputational benefits. Consumers, investors, and stakeholders
increasingly hold corporations accountable for their environmental
impact, and companies that demonstrate leadership in renewable energy
adoption are often viewed more favorably by the public and financial
markets. This shift is especially pronounced among institutional investors
prioritizing ESG factors when making investment decisions. By entering into
PPAs, corporations can align themselves with broader sustainability
trends, enhancing their brand value and attracting environmentally
conscious customers and partners.

The corporate PPA market has also facilitated innovative collaboration
models between businesses and renewable energy developers. Some
companies have taken a more active role in developing renewable
projects, co-investing in or co-developing wind and solar farms to ensure
that the energy produced meets their specific sustainability and
operational needs. For example, several large technology firms have
collaborated with renewable energy developers to build dedicated
projects that supply power directly to their data centers, manufacturing
plants, or other critical operations.

This trend has led to the development of new business models, such as
aggregated or consortium-based PPAs, where multiple companies join
forces to purchase energy from a single renewable project. This allows
smaller companies that may not have the demand for a full-scale
renewable project to still participate in the PPA market and contribute to
the growth of renewable energy infrastructure.

The broader implications of corporate sustainability-driven PPAs extend
beyond individual companies. By directly investing in renewable energy
through PPAs, corporations play an increasingly active role in shaping the
energy market and driving the transition to a low-carbon economy. This
has led to a proliferation of renewable energy projects that would not
have been financially viable without corporate backing, further
accelerating the shift away from fossil fuels.
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Challenges and Future
Outlook

Despite the many advantages of PPAs in advancing
renewable energy, there are also challenges and risks
associated with these agreements. One of the primary risks
for buyers is the long-term nature of the contracts, which
can range from 10 to 25 years. Over such an extended
period, market conditions, regulatory frameworks, and
energy demand can change in ways that make the original
PPA terms less favorable. For example, a company that
signs a PPA for renewable energy at a fixed price may find
that electricity prices in the market decline significantly due
to technological advancements or changes in policy,
leaving them locked into higher costs.

In addition, while PPAs offer price stability, they do not fully
insulate buyers from regulatory or market changes. The
introduction of new carbon pricing mechanisms, changes
to renewable energy subsidies, or shifts in government
energy policy could affect the financial dynamics of a PPA.
Developers also face risks in securing financing for projects
reliant on PPAs, particularly in markets where regulatory
uncertainty exists, or renewable energy penetration is
already high.

Another challenge is grid integration. As renewable energy
capacity grows, grid operators are increasingly tasked with
managing the variability of wind and solar production. In
regions where PPAs have driven large-scale renewable
energy deployment, grid infrastructure may struggle to
keep pace with the increased need for balancing services,
storage, and flexible demand response. This challenge is
particularly pronounced in areas where renewable energy
is geographically concentrated, but the transmission
capacity to deliver that energy to demand centers is
limited.
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Despite these challenges, the future of PPAs remains bright. Corporate
sustainability commitments continue to grow, and the demand for
renewable energy shows no signs of slowing. As the cost of renewable
energy technologies continues to fall, PPAs will remain a critical tool for
corporations seeking to reduce their carbon footprint while securing long-
term energy price stability. Additionally, innovations in energy storage,
grid flexibility, and demand response technologies will likely mitigate
many of the grid integration challenges currently facing the renewable
energy sector.

Looking forward, new PPA models are likely to emerge as the energy market
evolves. The rise of energy-as-a-service (EaaS) models, where companies
outsource their energy procurement and management to third-party
providers, could further expand the role of PPAs in the marketplace.
Similarly, community choice aggregation (CCA) programs, which allow
municipalities to procure energy on behalf of their residents, are likely to
drive new demand for PPAs, particularly in states with aggressive
renewable energy mandates.
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Conclusion

Catalysts for Global Energy Transition
and Corporate Sustainability

Power Purchase Agreements (PPAs) have
become a cornerstone of the global energy
transition, enabling the rapid deployment
of renewable energy, reshaping market
structures, and helping corporations
achieve ambitious sustainability goals. By
providing long-term price stability and
reducing financial risk, PPAs have opened
the door to unprecedented investmentin
renewable energy projects, accelerating
the shift from fossil fuels to a cleaner, more
sustainable energy system.

As energy markets continue to evolve, the
role of PPAs is likely to expand, influencing
how energy is produced, procured, and
integrated into the grid and priced in
competitive markets. The impact of PPAs
on energy pricing, market structures, and
corporate sustainability initiatives will be
felt for decades to come as businesses,
developers, and policymakers work
together to build a low-carbon future.
While challenges remain, the continued
growth of the PPA market will be essential
in driving the next phase of renewable
energy development and ensuring the
long-term viability of the global energy
transition.
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Bloomberg New Energy Finance (BNEF)

Reports from BNEF on corporate PPA activity and renewable energy capacity expansion were referenced to provide
context on the growth of renewable energy deployment via PPAs. BNEF Corporate Energy Market Outlook (2021).

International Renewable Energy Agency (IRENA)

IRENA data was referenced regarding the global increase in renewable energy capacity driven by long-term PPAs, and
the falling costs of wind and solar energy. Renewable Power Generation Costs (2021).

RE100 and The Climate Group

Used for insights on corporate renewable energy commitments, specifically the role of PPAs in enabling corporations to
achieve 100% renewable energy targets. REI00 Progress and Insights Annual Report (2022).

Lawrence Berkeley National Laboratory (LBNL)

LBNL reports on utility-scale wind and solar pricing were referenced in the discussion on how PPAs drive down wholesale
electricity priceS in markets with hlgh renewable penetrotion, Wind Energy Technology Data Summary* (2022). Utility-Scale Solar Data Summary* (2022).

Rocky Mountain Institute (RMI)

RMI's research on corporate renewable energy procurement helped frame the role of PPAs in corporate sustainability
strategies and the evolution of new PPA models. Corporate Renewable Energy Buyers' Principles (2021).

World Resources Institute (WRI)

Provided insights into the mechanics of corporate PPAs and their implications for market structures and grid integration.
Corporate Renewable Energy Sourcing: A Guide to Market and Policy Landscape (2022).
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About Vedeni Energy

Vedeni Energy offers specialized services designed to help businesses navigate the complexities of
the modern energy landscape. Our offerings are tailored to meet the unique needs of utilities,
independent power producers, regulatory bodies, and other stakeholders, ensuring success
through strategic insights, expert guidance, and innovative solutions.

Vedeni.Spark+, a service provided by Vedeni Energy, is designed to help start-ups and established
companies secure the capital funding necessary for growth and success. Our team of seasoned
advisors works closely with clients to develop tailored funding strategies that align with their
business goals and financial requirements.

Vedeni Energy's VedenilQ+ service offers a premier gateway to unlock deep insights and strategic
foresight within regional wholesale power markets. Their cutting-edge platform is meticulously
designed for energy professionals who demand precision, clarity, and actionable intelligence.
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