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Executive Summary
A power purchase agreement (PPA) is a financial mechanism that allows utilities and corporations to procure
renewable energy (RE) from producers with minimal to no upfront capital cost in order to meet their RE
goals. While the United States (U.S.) leads the PPA growth globally, the adoption of PPAs in Europe is on the
rise and new activities started to take place in the emerging markets. This is thanks in large part to the rapidly falling cost of wind and solar energy and the desire to mitigate adverse environmental impacts of electricity generation. This report comprises a literature review on the evolving practices in PPA implementation
in the U.S. and Europe, including PPA types, key factors enabling PPAs, as well as challenges and limitations
associated with PPA applications.
Built on the experience and lessons learned from the U.S. and Europe, this report sheds light onto feasible
options that could be adopted by China to enable the implementation of PPAs for RE investments. In addition, the report discusses the recent policy and market developments in China that could expedite PPA implementation and help China’s power market transformation toward more affordable, reliable and clean energy.
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1

Introduction

The landscape of today’s renewable energy (RE) market has changed dramatically over the last decade because of the rising demand for RE and steep decline of solar and wind cost. As the RE market has evolved, so
have the financing mechanisms associated with it. Power purchase agreements (PPAs) in various forms are
one of the financing options most widely adopted in many countries around the world.
In this report, we aim to provide an overview of PPAs and their most common types, both in the U.S. and in
European countries. We then review why PPAs were established in the U.S. and why they are emerging in Europe as a viable financing option, what key elements enabled PPAs in the U.S. and Europe, and what these
developments mean for China.
PPAs differ from administrative policy mechanisms for RE. A PPA is a private-law contractual approach that
does not rely on direct subsidies from governments. However, depending on the market regulation, it may be
possible for RE producers that receive for example feed-in premium (FIP) to enter into PPAs (see section 4.1.1
and 4.2.3). In addition, regulatory frameworks like tax rules may have a relevant impact on the adoption of
PPAs in a national market. Generally, a PPA refers to an electricity delivery contract between an electricity
seller and a buyer. A PPA provides the electricity generators with a bilateral sales mechanism which guarantees revenues and thus investment returns for the contract duration period.
The period of the contract is pre-agreed and the analysis of examples has shown that it can range between
three and 25 years. A PPA may provide an important element of the overall financial feasibility for the construction of a capital-intensive RE power plant. Power plants require significant upfront costs which lead to
long-term lock-in of capital cost obligations as well as a high perception of risk by financing banks and investors.
Depending on the potential contract partners that buy the renewable electricity, PPAs can be categorized
into two main groups: utility PPAs or corporate PPAs. In Europe, there is a third category, community PPAs,
in which the contract parties are the energy communities, e. g. cooperatives. Both in the U.S. and Europe, the
major buyers are utilities (utility PPA).
PPAs can be triggered by different regulatory obligations: Utilities in the U.S. use PPAs to meet their renewable portfolio standard (RPS) requirements1, utilities and companies in Sweden to meet their quota obligation2. Other reasons for utilities to purchase RE via PPAs include improving corporate image and expanding
retail marketing options, such as enabling customers to purchase green electricity at a special tariff. With increasing RE penetration and increasing desire of corporations to thrive for sustainability, PPAs have become
a popular financing mechanism also for commercial and industrial (C&I) enterprises and corporations to
source renewable electricity (corporate PPA). PPAs become a viable source of electricity from a managerial
perspective because they start to get competitive in direct comparison with conventional power plants due
to the steep cost decline of RE technologies and the increasing risk perception by financiers of conventional
power plants.
PPAs can have different contractual forms depending on the regulatory design of the relevant electricity market, the capability of the buyers, and the business models behind them. In the U.S. and Europe, two main
PPA structures exist: physical and financial PPAs. A detailed explanation of main characteristics and differences between those two main forms of PPA will be provided in section 2.
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1 Introduction

Compared to the structure of often highly regulated incentive policies, PPAs provide very flexible financing
mechanisms and can therefore be easily adapted by different parties and actor constellations. As RE grows
rapidly in various markets, innovative structures and features of PPAs continue to emerge. For example, the
so-called multi-buyer structures involve more than one corporate buyer to support a project, e. g. by concluding parallel PPAs with different corporate buyers where each buyer only commits to buying a portion of
the produced electricity.3 Besides, there are also aggregating buyer groups/consortia, where companies of
the same industry or government entities aggregate their power demand and jointly negotiate a PPA4 (see
also section 3.2.3).
In addition, strategies of portfolio structuring are also gaining more interest, where smaller-scale RE projects are being pooled within a fund or other investment structure that may be more attractive to lenders to
reduce and optimize the transactional administrative cost of a PPA. 5
In the U.S., various formats of PPAs have been legalized and regulated at the federal level by the Federal Energy Regulatory Commission (FERC). However, states are also involved in the regulatory process through
agency rule-making as well as legislative action6; a number of states have enacted legislations to authorize
and regulate the PPAs directly while a majority of states have statues defining PPAs7. The state-level policies
vary to align the PPA mechanism with other policies such as net metering, RPS, third-party financing and energy efficiency resource standards. For example, to help meet a state’s RPS goals, most legislations give the
public utility commission power to either direct or allow local utility companies to sign PPAs with qualified
independent RE generators.
PPAs contributed significantly to the successful development of RE in the U.S. in the past decade. For example, 7.6 gigawatt (GW) of wind capacity was deployed in 2018 in the U.S., 50.1 % of that was attributable to
utility wind PPAs.8
Corporate PPAs have been on the rise due to corporations’ desire to meet their RE and financial goals. By the
end of 2018, developers signed 3.4 GW of wind PPAs and 2.5 GW of solar PPAs with C&I customers; regarding
the cumulative capacity in operation, the C&I wind and solar capacity reached 7.6 GW and 1.2 GW, respectively.9 Facebook, Google, Amazon, AT&T, Walmart, Apple, Microsoft, and ExxonMobil are leading the corporate renewable procurements in the U.S. with a combined market share accounting for 58% of PPA volume by
contracted capacity in 2018.
In Europe, the PPA market is still relatively new, small in size and currently limited to the following countries
in decreasing amounts: Spain, Sweden, UK, Norway, Netherlands, Ireland, Denmark, Belgium, Germany, Italy, Finland, Portugal, France and Poland10. The situation in those countries is quite heterogeneous. PPAs
have always been used in many European states by utilities to procure RE, especially in those which have always had quota system for RE in place, such as Sweden, UK and Poland. But PPAs have been also used in
states without a quota system, such as Germany, due to the increasing demand for green electricity among
German consumers as well as the favorable regulation in the past which provided RE surcharge reductions
for buyers procuring RE directly from producers (so-called “green electricity privilege”). As a result, some German utilities have specialized in procuring and offering electricity generated by RE power plants. Due to the
policy changes and elimination of the green electricity privilege, these players mainly invest directly in RE
power plants and may enter into PPAs with operators, whose RE power plants will exit the 20-years support
period soon.
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Corporate PPAs were almost non-existent in Europe until 201311, with the exception of Sweden, which has a
quota system in place under which car manufacturers and energy-intensive industries and electricity suppliers are required to acquire and cancel RE certificates. This encouraged also corporations in Sweden to procure RE. Since 2013, the market volume for corporate PPA increased rapidly in Europe12 due to favorable market conditions that arose in the context of favorable RE policy structures. They have enabled RE to become
competitive and more independent from support policy mechanisms. The reasons for this situation will be
explained in more detail in section 4.2.
Currently corporate PPAs in Europe have a cumulative volume of approximately 9.4 GW of either already installed or contracted generation capacity. 13 The majority of the contracts have been signed in 2017 and 2018.
The largest part of the contract volume was attributable to wind energy projects in Scandinavia, including
Norway, Sweden, Finland and Denmark (4,7 GW), the UK (1,5 GW) and PV projects in Spain (1.6 GW) (see figure 1).14 The PPA buyers with the largest contract volume of around 700 MW each were in 2017 the Norwegian
aluminum producer Norsk Hydro and the Internet company Google.15 In the same year the first utility PPAs
were signed in Portugal and Spain without any RE subsidies from their governments. In the UK, first corporate PPAs without subsidies were announced for 2018 for both wind and PV 16. It shows that RE have become
competitive with non-RE power plants and that financing mechanisms such as PPAs may provide a viable
alternative to the regulatory RE financial support mechanisms provided there exist suitable market structures.
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Capacity of PPAs in different European countries in the end of 2018 in GW.17

China’s policy makers have made tremendous effort to promote RE system integration. Recently China decided to gradually move from a highly regulated feed-in tariff (FIT) system to a FIT-system that determines
the price per RE project by auctions. China is also developing provincial pilot spot markets, introduced mandatory provincial or regional renewable quota standards and aims to reduce RE curtailment to about 5 % of
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total RE generation in 2020. The energy market reform is evolving, as well as the RE incentive policy approaches. In 2019, the National Development and Reform Commission (NDRC) issued a policy promoting
subsidy-free wind and solar projects and established rules obligating the two large state-owned grid companies to purchase power from approved subsidy-free projects under 20-year contracts. However, China has
also encountered barriers when implementing PPAs, which have been used only for a small number of projects so far18. Because PPA is a new and emerging financing model for China, the lessons learned and best
practices from the U.S. and Europe could benefit its more targeted implementation in this country.
This report is structured into the following sections:


Section 2 presents the main PPA variants on the U.S. and European electricity markets.



Section 3 discusses the elements that support PPAs in the U.S. It illustrates the trends of utility and corporate RE procurement through PPAs, and discusses traditional PPA approaches and innovative business
models.



Section 4 discusses different models for variable RE participation in electricity trading in the European Union (EU)and explains developments in regulation and electricity markets that facilitate PPAs in the EU. It
introduces two country examples: Germany and Sweden.



Section 5 summarizes success factors and limitations of PPAs.



Section 6 provides insights and options for China regarding the transition from FIT to market-based RE incentive mechanisms. It covers approaches of integrating PPAs into the Chinese market, the possible role of
PPAs in the further development and action options that could enable better and quicker implementation
of PPAs in China and support market-based RE penetration, including spot markets.
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Section 7 highlights the key findings from this analysis.

2 Types of PPAs in Europe and the U.S.

2

Types of PPAs in Europe and the U.S.

2.1

General definition

Depending on the electricity market regulation in a certain country, there can be two basic PPA variants:
physical PPAs and financial PPAs (also called synthetic or virtual PPAs (VPPAs)). The following two sections
are dealing with the main characteristics, design options and legal framework with regard to those two PPA
variants.
PPAs are long-term delivery contracts between electricity generators and buyers, which may include utilities, corporations and energy communities. Therefore, in view of the potential contract partners it can be
differentiated between utility, corporate and community PPAs.

2.2

Physical PPAs

In a physical PPA, an RE producer (seller) sells its electricity to a buyer at a long-term fixed price. The energy
output will be delivered to buyers physically. The scope and forms of physical PPAs vary by country. For example, in Europe, there are two main forms of physical PPAs: direct PPAs (or on-site PPA or near-site generation/PPA or behind-the-meter PPA) and a sleeved PPAs (or off-site generation/PPA). In the U.S., direct PPAs
can be either on-site or off-site, and the sleeved PPA is also known as “utility green tariff” or “back to back
PPA”.

2.2.1 Direct PPAs
In the definition of a direct PPAs model that can be found in European studies, the delivery of electricity
takes place behind the meter on the buyer’s property, not on the side of the electric grid/utility and therefore
without use of the grid 19 and involving of a balance responsible party (BRP). By that, grid fees and other
feeds associated with the BRP role can be avoided. Direct PPAs are particularly challenging because they require close proximity of the RE power plants to the consuming facility (e. g. a factory) to enable a direct electrical wiring of seller and buyer. This type of PPAs provides the most direct link between RE generation and
site consumption.20 Typically, a direct PPA is an option to purchase electricity from RE power plant which is
designed in collaboration with the PPA buyer who agrees to site the RE system on its property and purchases
the generated electricity exclusively over the entire project lifetime. Therefore, direct PPA contracts are more
likely to be concluded for smaller plants, e. g. PV systems installed on rooftops.21 Those RE power plants are
owned, operated, and maintained by a third-party developer, which minimizes the complexity for the buyer.
Depending on the electricity market regulations, it is also possible to involve a BRP in order to enable the RE
generator to feed any electricity surplus which is not being consumed directly by the seller into the grid. 22
In the U.S, an on-site PPA often involves a third-party developer, who owns, operates, and maintains the RE
system whereas a buyer agrees to site the RE system on its property and purchases the system's output. On
the other hand, for buyers who have limited on-site space to install RE facility direct PPA can be also off-site,
which means the RE power will be delivered to buyer via grid. For example, a corporate facility contracts a
PPA with off-site generator, and the final price for delivered RE output will be the combination of contracted
PPA price plus transmission and distribution expenses 23. It should be noticed that although the produced energy is delivered off-site, there is a difference between off-site direct PPA and off-site sleeved PPA, which will
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be described in section 2.2.2. It should also be noticed that off-site PPA can be financially settled, which will
be described in section 2.3.

2.2.2 Sleeved PPA
In current European practice, direct PPAs are quite uncommon, because usually large wind and solar parks
are not located close to major consumption centers (e. g. industrial parks or cities) and it does not make financial or organizational sense to build direct connections over long distances. Usually, regulation is also
structured in such way to avoid that kind of evasive behavior from the use of common infrastructures. Hence
the most common form of PPAs are sleeved PPAs. In sleeved PPAs, the buyer purchases the RE electricity
from the RE producer by involving a BRP .24 The BRP has to act as the buyer’s agent in managing the offtake
which leads to management fees associated with the intermittent nature of RE generation output –
“sleeves” or “sleeved fees”.25
The delivery of electricity happens on the base of volume balance; the BRP manages the exactly timed
matching of generation and consumption volume at any given point of time. Although the green electricity is
not delivered physically to the buyer, it does obtain the contracted amount from the grid at the time it is fedin by the seller. Therefore, PPA contracting parties do not have to be located in the same grid area. In case of
the EU, they can be even situated in different member states.26
In the U.S., although the direct PPA has been widely used for utility RE procurement, corporations often find
it difficult to contract with a proper RE producer (seller) due to lack of market information and low-risk tolerance. A sleeved PPA can be a solution to that problem. It is designed as a three-way contract among RE producer, utility (or electricity service provider), and end-user (corporate for example) to manage RE development. First, RE producer and utility contract a PPA. Second, the end-user contracts another matching PPA
with the utility to purchase those RE outputs. In addition, utility will charge fees on providing such services.
In this model, both utility and end-user are RE buyers, so it is also known as “back-to-back PPA.”27 Thus the
main difference between direct off-site PPA and sleeved PPA in the U.S. is that the sleeved PPA is a threeway-contract involving besides RE seller and buyer also an utility, whereas the direct off-site PPA is a twoway-contract between RE seller and buyer.
Sleeved PPAs avoid site-level constraints such as available land and resource potential. They provide the opportunity to reduce RE generation cost per kWh through economies of scale of larger plants and site selection
focused on the best natural resources. Connection of the RE power plant to the grid incur grid charges, but it
may make it also less reliant on only one buyer, as in case of a direct PPA.28 It is important to note, that longterm fixed prices are an important risk hedge in case wholesale market prices rise. But they also bear risks if
market price decrease.29 For a discussion on hedging strategies in the U.S., please refer to section 3.2.6.
The sleeved PPA structure is currently the most commonly used corporate PPA model in Europe and in the
U.S.30

2.3

Financial (virtual) PPA (VPPA)

Financial PPA (or virtual PPA (VPPA)) includes an agreement between RE producer and electricity buyer
about a hedging for a contractually defined amount of electricity or green certificates.31 In this PPA structure
the RE power plant does not have to be spatially related to the location of the purchaser, similarly to a
sleeved PPA.32 The RE producer sells its electricity on the wholesale market, usually with the help of a direct
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marketer to a buyer of its choice (not identical with the PPA buyer) and the buyer procures electricity on the
wholesale market from a supplier of its choice (not identical with the RE producer in the PPA). This mechanism does not cause any “sleeving fees”. 33 The long-term price fixation means that the PPA contract parties
are required to make differential payments depending on the electricity price development on the wholesale
market as well as on the agreed fixed price. The contractual relation between RE producer and buyer relates
to the obligation of making the differential payments depending on the electricity price on the wholesale
market. Specifically, if the wholesale price is below the agreed fixed price, the buyer pays the price difference
to the RE producer for the contracted amount of electricity, and vice versa. Basically, a VPPA works similar to
a sliding FIP or a CfD, but is based on a bilateral mutual obligation structure between private market players
instead of involving a public entity in the allocation of money.34
There exists a variety of possibilities of how to design the contract structure and manage the risk distribution
between the parties. In particular, it is necessary to define how the compensation payment is calculated. 35 In
addition to the fixed price, the following elements should be set in the contract:


calculation modalities for the reference price (e. g. base load vs. peak load, time window length, mode
of average calculation, how to deal with negative electricity prices etc.);



amount of electricity delivered (total production vs. interval, minimum or maximum amount; how to
deal with redispatch and feed-in measures of the grid operator as well as force majeure cases etc.);



inflation indexing.36

It is important to note that in a VPPA, it is possible that the buyer is opening himself up to the “basis risk” in
the wholesale price volatility when both buyer and seller are making their electricity sales and purchases on
different wholesale markets (e. g. in different countries). If the prices in the buyer’s and producer’s markets
do not move in tandem this would lead to an imperfect hedge. Therefore, it is essential to evaluate the price
correlations between the two markets in order to design the PPA in a way that maximize the price stability as
much as possible.37
Options are another possible structure of VPPAs38. Options set a cap-and-floor mechanism instead of fixing a
single price or price table per MWh. If the reference price (e. g. at the intraday market) is lower than the floor
price, the generator exercises its option to sell the power at the floor price. If the reference price is higher
than the ceiling price, the buyer exercises its option to purchase the power at the ceiling price.
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Power Purchase Agreements (PPAs) – Europe
Physical PPA

Virtual PPA (VPPA)

(bilateral OTC)

(bilateral or organized OTC/ hedging arrangement)
or
Synthetic PPA
Financial PPA

Direct PPA

Sleeved PPA

or

or

Contracts for Difference (CfD)

On-site PPA

Off-site generation

Futures

Near-site generation/PPA

PPA

Options

Behind-the-meter PPA
Table 1

Most common PPA structures in Europe.

Power Purchase Agreements (PPAs) – US

Physical PPA

Virtual PPA

(bilateral OTC)

(bilateral or organized OTC/ hedging arrangement)
or
Synthetic PPA
Financial PPA

Direct PPA

On-site PPA

Table 2

14

Sleeved PPA

Off-site PPA

or

Contracts for Difference (CfD)

Back-to-back PPA

fixed for floating swaps

Utility green tariff

Most common PPA structures in the U.S.

3 PPAs in the U.S.

3

PPAs in the U.S.

3.1

Contractual elements

A PPA establishes all the contractual aspects of the sale of electricity. Typically, a buyer seeks solicitations of
interest and outlines criteria for a PPA through a competitive solicitation, or a request for proposals (RFP). 39
The RFP is an important step in the process. The RFP terms must represent the buyer’s minimum requirements, establish the baseline for suppliers to respond to, and be the starting point for project negotiations.
RFPs must be descriptive of the requirements while retaining sufficient flexibility to ensure a successful RFP
process. 40
Negotiating complex PPA contracts poses a significant challenge even when all parties follow the legal best
practices. The need for balanced and clear contracts is particularly important because PPA contracts often
cover decades-long projects, which could involve multiple developers, financiers and buyers. PPAs must be
carefully drafted to ensure 1) the parties’ rights and obligations are clearly set out, 2) the project’s risks are
properly allocated between the parties, and 3) the terms and conditions of the sale of electricity (including
pricing and delivery) are clearly stated. The table below summarizes the key contractual aspects typically
included in a PPA.
PPA: key components and terms
Buyer

The purchaser of power and/or renewable attributes of the system.

Liabilities

The contract defines the legal obligations of the buyer and the system owner for system maintenance, repair, or other liabilities arising from unforeseen events.

Contract Term

The period during which the buyer agrees to purchase power from the system owner.

PPA price

The contract specifies the rate ($/kWh) at which the buyer will pay the project developer for the
system’s output. Determining a PPA pricing structure is a crucial step. A fixed price and an escalator (see below) are commonly-used pricing structures.

Escalator

Contract clause under which the PPA price increases over time at a pre-determined rate, generally
less than 3%.

Expiration

Conditions defining the buyer’s options at the end of the contract term, including whether the
buyer will have the option to purchase the system.

Environmental

Contractual instruments representing the environmental attributes of the system’s output such as

attributes

the ownership of the environmental incentives and attributes of the project embodied in renewable energy certificates (RECs).

Assignability

The ability of the project developer to transfer site rights to another party.

Credit support

Corporate buyers may need to provide credit support to backstop their payment obligations. That
credit support may take the form of a payment guaranty by a creditworthy entity, a letter of credit,
cash collateral or a combination of these.

Performance

The PPA specifies the obligations of both the buyer and system owner concerning the system’s

terms

performance, including any exclusions under which either party is exempt from compliance with
contract terms (e. g. force majeure events).
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PPA: key components and terms
Site right agree-

Agreement defining the developer’s rights to access and use the buyer’s property for project devel-

ment

opment, operation, maintenance, and decommissioning.

Tax equity

Capital raised from a taxable entity in return for the receipt of tax incentives.

Table 3

Key components and terms in a PPA.

A well-designed PPA can include various financial remuneration parameters to incentivize RE generators to
provide a broad spectrum of flexibility and reliability services to the grid41. For example, to enable RE generators to contribute to grid reliability, PPAs may include requirements (e. g., specified by the utility, which is the
RE buyer) such as power factor, which can enable RE generators to operate in various modes (power factor,
reactive power, voltage control). That can influence the overall system efficiency or voltage ride-through,
which can prevent a cascading failure of electricity supply by enabling RE generators to remain connected
and operational during periods of severe under- or over-voltage. Similarly, PPAs can incorporate flexibility
considerations such as automatic generation control to allow system operators to utilize RE generators for
load following.

3.2

Elements supporting PPAs

Regulatory framework and market infrastructure are two important pillars enabling renewable PPAs in the
U.S. An effective regulatory framework provides planning certainty which is needed to stimulate stakeholder
(RE producers and buyers) response regarding RE deployment and the market functionality plays a key role
to ensure open and fair competition. This section reviews the regulatory aspects and market factors, which
support the growth of PPAs for RE in the U.S.

3.2.1

Federal regulation

Because electricity is a commodity, it is important for the buyers and sellers to understand how the electricity markets are regulated in the U.S. at the federal and state levels (3.2.1 and 3.2.2, respectively), when it
comes to choosing RE. In the U.S., the sale of electricity is subject to federal and state regulations (depending
on the nature of the sale), the identity of the buyer and seller and the market structure (e. g., wholesale, retail, deregulated, regulated) in which the sale takes place.42
Under the Federal Power Act (FPA), the Federal Energy Regulatory Commission (FERC) regulates rates and
interstate transmission and wholesale sales of electricity. The FERC is an independent federal agency and
has jurisdiction over: 1) public utilities including private companies that either sell power for resale or
own/operate transmission facilities in interstate commerce (which covers most of the Continental United
States), and 2) cooperative utilities (though this jurisdiction is pre-empted if the cooperative has loans guaranteed by the Rural Utilities Service of the US Department of Agriculture). However, the FERC does not have
jurisdiction over 1) state or municipal entities that sell electricity, and 2) sales of electricity in Texas (though
the FERC has certain reliability-related jurisdiction even within the Electric Reliability Council of Texas - ERCOT).
The FERC must ensure that the rates, terms and conditions under which an entity proposes to sell its electricity are just and reasonable. While no fixed definitions on “just and reasonable” exist, the courts and FERC
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developed a doctrine that rates, which have been approved by FERC under FPA (the filed rates) and are effective (actually in effect), are presumed just and reasonable. The “filed rate doctrine” protects purchasers from
unilateral price increases initiated by the seller unless expressly contemplated by the contract (for example,
a PPA). This doctrine has also been applied to protect sellers from regulatory revisions, unless such revisions
are enacted by FERC to protect the public interest. Thus the “filed rate doctrine” mitigates the regulatory
risks for PPAs, and enables FERC-regulated PPAs and their associated rates to be a more dependable
source of revenues for the seller. Another risk mitigation option is provided by the Cost of Service Standard, which requires the FERC to set rates at levels that allow a prudently managed company to recover its
expenses and attract capital. Because price is usually the most important part of the PPA, which influences
the economic viability of an RE project, the rate regulation provides certainty to RE investments under FERCregulated PPAs.

3.2.2

State regulation: wholesale and retail markets

Whether and which types of PPAs are allowed in a given state is highly dependent on state regulations. Prior
to the 1970’s, all electricity markets in the U.S. were part of a regulated monopoly controlled by utilities and
overseen by each state’s public utility commission (PUC) or public service commission (PSC), or utility board
(referred to as PUCs thereafter). The Public Utilities Regulatory Policies Act (PURPA) enacted in 1973 allowed
17 states to restructure their wholesale electricity markets with further legislation in the 1990s allowing
retail competition in individual states. The restructured wholesale electricity markets created a marketbased, competitive system that allowed independent generators such as RE producers to participate in electricity markets.43 On the other hand, in fully integrated states (e. g., the Southeast, Southwest), utilities generally own and operate all of the generators, transmission lines and distribution networks. Therefore, these
markets have little or no competition for the supply of electricity, which means independent RE producers
cannot sell electricity to the grid via a non-utility PPA.
State PUCs generally have jurisdiction over retail sales of electricity and local distribution within a state, although some municipalities and electric cooperatives self-regulate their own retail activities. As mentioned in
section 1, most state legislation authorizes the PUC to direct or allow local utility companies to enter into
PPAs with qualifying generators in order to help meet state’s Renewable Portfolio Standard. The second type
of state legislation addresses the length of PPAs; states such as Michigan and Washington passed legislation
requiring commission approval for utilities entering into PPAs longer than a designated length of time (for
example, six years or longer in Michigan44). The third type of legislation addresses the interconnection issues
by directing utilities to facilitate the transmission of electricity from third-party generators directly to individual customers.45
With market deregulations, three types of electricity markets exist in the U.S.: 1) traditional regulated markets, where both wholesale and retail markets are regulated and operated by vertically integrated utilities; 2)
competitive wholesale markets with a traditional regulated retail markets, which maintain the vertically integrated utility structure for the retail markets while unbundling generation assets and allowing generators to
participate in an Independent System Operator (ISO) or regional transmission organization (RTO), which are
organizations that operate the multistate or regional transmission system and wholesale markets. The
transfer of electricity between states is facilitated by regional transmission organizations (RTOs) and independent system operators (ISOs), and 3) competitive wholesale and retail markets.
Wholesale and retail market structures dictate the PPA options available to RE producers and buyers.
As discussed in 2.3, VPPAs do not require physical delivery of electricity from the producer to the buyer; the
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producer sells the electricity on the wholesale market46. In other words, RE producers can be in any locations, which have a competitive wholesale market whereas there is no location restriction for buyers as long
as they are in the contiguous U.S. As a result, VPPAs are widely adopted in the U.S. Physical PPAs have more
constraints on market structure; non-utility buyers must be located in the retail electricity choice territory
(i. e., competitive retail market) and the RE project must be located in a deregulated wholesale market that is
interconnected with customer’s ISO/RTO47. Sleeved PPAs can be used in some regulated electricity markets
as an option under green energy tariff.48 Figure 2 shows the market requirements for implementation of certain forms of PPAs in the U.S.

Figure 2

3.2.3

Available PPA types under different market structures 49

Net metering

Net metering is a billing mechanism that enables grid-connected RE owners to be credited for the electricity
that they provide to the grid. Common examples of net metering installations are PV panels on the roof of a
commercial/residential building or a small wind turbine at a school, which are connected to meters measuring the net quantity of electricity that the customer uses. The customers pay the electricity purchased from
the grid, and are credited for the excess electricity (i. e., when feeding electricity to the grid). With limited exceptions, most states in the U.S. have mandatory state-wide net metering policies whereas a small number
of states have a voluntary net metering policy. Allowing net metering played an important role in promoting investment in distributed installations and PPA adoption because it made variable RE economically viable, especially during the earlier time when RE was not cost competitive compared to conventional generations.
Recently, there has been considerable interest in seeking alternatives to net metering because utilities and
grid companies complain that RE generators selling electricity back to the grid do not pay their fair share of
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distribution costs. Some utilities have requested regulatory reviews through proposals to replace net-metering. In addition, the regulatory reviews arise from pre-existing legislative or regulatory requirements when
the total installed net metering capacity reaches the threshold50. A number of states have or are in the process of making decisions about replacements for net metering or phasing out net metering. For example, regulators in Hawaii replaced net metering in 2015 with options for customers to utilize energy storage or to be
compensated at a reduced rate when feeding electricity into the grid. In 2017, Indiana passed a bill to phase
out net metering; systems installed prior to the end of 2017 will be grandfathered for 30 years while customers who install systems after 2017 will receive compensation at the utility’s marginal cost, plus 25 %, beginning in 2022. How these post-net metering policies will affect the adoptions of PPAs at different scales (except PPAs with utilities) is unclear.

3.2.4

Tax incentives

Tax incentives have been an important driver of RE deployment in the U.S.; the two key corporate tax benefits, i. e., the production tax credit (PTC) and the business energy investment tax credit (ITC), have helped
make RE cost-competitive with conventional electricity. However, with these tax credits being reduced or
phased out, the renewable PPA price could be negatively affected. Moreover, the U.S. has implemented a
new solar import duties (“Section 201 Solar Tariff”) on imported solar cells and modules, which could increase the costs of solar cell and module51. Despite the changes in tax credits and newly imposed import duties, some recent studies indicate the falling cost of RE could offset these negative effects52.

3.2.5

Falling cost of RE

Falling costs of RE generation and innovations in energy service solutions are changing the way utilities and
corporations procure and use electricity. The falling levelized cost of energy (LCOE) provides an incentive to
corporate buyers to procure RE because it could lower their operation costs. Although technology improvements remain the vital driver of cost reduction, competitive procurement and experienced project developers are also recognized as key factors driving down the installation cost53. In 2018, utility-scale PV LCOE in
the U.S. was around $40/MWh and the best-of-class wind LCOE was less than $30/MWh; these LCOEs were at
or below the marginal cost of common conventional generation technologies54.
Driven by the sharp drop in installed cost and enabled by improved capacity factor, low interest rate, production tax credits, and competition among developers, wind and solar PPA prices have fallen dramatically over
time. The market analysis by LBNL finds that the average price of wind PPAs has dropped to or even below
$20/MWh in 2017 from between $55 and $70/MWh in PPAs executed in 2009 55. A similar downward trend generally holds true for utility-scale PV PPAs, whose average prices have dropped to or even below $40/MWh
from 2011, when the prices were above $100/MWh56. In some sun-rich states such as Colorado, Nevada, Arizona, Texas, and New Mexico57, PV PPAs have been priced at below $30/MWh. The falling cost of RE will make
RE competitive with conventional energy fuels and benefit PPA growth, even after tax credits for RE are
phased out.

3.2.6

Hedging strategies and energy management

With a well-designed pricing structure, PPAs can be used to hedge against the long-term electricity price
risk, mitigate both investment and operation risks, and attract financing. Traditionally, physical PPAs with
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long-term contracts were used as a risk mitigation tool against uncertain but often rising energy prices.
On the other hand, cheap natural gas and falling RE costs are likely to depress prices and sustain downward pressure on wholesale electricity prices,58 which have slowed down the growth of physical PPAs in
some markets. For instance, physical PPAs contributed to over 80% of U.S. wind capacity installations in 2000
and decreased to less than 50% in 2018.59 With changing market dynamics, VPPAs started emerging as an innovative hedging structure for wind developers to stabilize their revenues and attract long-term financing60.
VPPAs came into the market in 2015 and accounted for over 25 % of U.S. wind capacity installations in 201861.
Using VPPAs as hedging strategy for PV deployment is less common than for wind in the U.S. because of different tax incentives and profile of energy generation (e. g. solar energy is mostly generated during the day
and around noon when the risk of wholesale power price fluctuation is higher than at night) 62. More innovative approaches are designed to hedge against the uncertainty and variability of wind and solar generations
and to provide benefits to both the buyers and sellers (see next section).

3.3

Innovative PPAs in the U.S.

The increasing penetration of variable RE poses new challenges to power system flexibility and stability as
well as brings new risks and opportunities to both RE producers and buyers. The traditional PPAs are often
inadequate in addressing these emerging issues. For instance, with higher share of RE, curtailment may happen more often than originally expected. If not considered in the PPA contract, unexpected or higher-thanexpected curtailment could create financial losses for the developers and buyers. As a wider range of corporations from different sectors with varying sizes and patterns of electricity demands are entering the PPA
market in the U.S., PPA structures have been evolving to address new challenges and re-balance risks by
leveraging recent technological advances (e. g. energy storage), developing creative ways to improve grid
planning and adapting to changing policies and market dynamics. Below we discuss the driving forces of PPA
evolution, as well as innovative business models that are being enabled with the help of PPAs.

3.3.1

Risk re-allocation and mitigation

RE places planning risks to both RE producer and buyer due to the fluctuation of generation. The risk is increasing due to contractual complexity when engaging with more stakeholders such as financier, insurer, and
other counterparties. Depending on PPA structures, table 4 summarizes the different types of risks and how
they are allocated traditionally in a PPA.
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Core risk

Primary risk sources

Traditional risk allocation

Fuel risk

Wind speed, solar irradiation, and other RE resource perfor-

RE producer & buyer

mance, depending on natural resource conditions (physical PPA
& VPPA)
Shape risk

The buyer’s demand is not simultaneous with producer’s output

RE producer & buyer

(physical PPA & VPPA)
Operational risk

Underperformance of a generation system (physical PPA & VPPA)

RE producer & buyer

Price risk

The difference between the wholesale price and the contracted

Buyer

price (VPPA)
Basis risk

The difference between the buyer’s retail price and the whole-

Buyer

sale price (VPPA)
Table 4

PPA risks allocation.

Innovative PPA models intend to mitigate risks from both the RE producer and buyer perspectives. One of the
common issues that arose with increasing RE penetration is curtailment, which refers to the energy output
reduction of a plant from what could otherwise be produced due to limited grid transport capacities or system stability issues. If a PPA allocates all risks to the RE producer, the buyer (typically utility buyer) will be
able to reduce its RE procurement with no penalty. If a PPA allocates all risks to the buyer, the buyer has to
pay all energy output, sometimes including curtailed output, generated by the RE producer. Both approaches make the PPA contracting process difficult because the risk is perceived to be too high either way.
Capacity & Energy PPA and Time-of-Day price caps
The Capacity & Energy PPA is therefore introduced as an innovative risk-sharing approach in which the pricing consists of two components, a fixed capacity price ($/MW-month) and an energy charge ($/MWh).This limits the curtailment risk for the seller to the energy charge only.63 Another new contract structure to mitigate
curtailment risk is the Time-of-Day (ToD) price caps, in which PPA prices vary in each hour of the day by using a price multiplier. The buyer can, therefore, set low prices during the likely oversupply hour and high
prices during the peak hour. This approach will encourage the RE producer to shift its energy output to hours
with higher prices and to reduce curtailment by incorporating storage system.
Proxy Generation PPA
With rapidly increasing corporate RE procurement in the U.S., corporations are seeking more flexible and
low-risk procurement approaches. The Proxy Generation PPA is one of the new models for corporate buyers
that wish to minimize risks they are unable or unwilling to absorb64. For example, operational risk is often
shared by buyers and seller under current PPA models (table 4), but is beyond the control of the buyer. In addition, traditional VPPA contracts, which are typically designed at “as generated“-quantities, have proven
untenable for corporate buyers65. Unlike traditional PPAs measured by actual energy output, the Proxy Generation PPA is settled based on the measured fuel and the expected generation66. The operational risk is
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therefore reallocated to RE producer and the corporate buyer bears no risk. The box below provides an example of Microsoft’s Proxy Generation PPA implementation67.
Mircosoft Procured 178 MW of wind through Proxy Generation PPA
In 2016, Microsoft procured 178 MW wind from the Bloom Wind Project in Kansas through Allianz Risk Transfer (ART) to power the data center in Cheyenne, Wyoming, and this was the first Proxy Generation PPA.
In this model, Microsoft has contracted a 10-year Proxy Revenue Swap agreement with ART, which serves as
an insurance and reinsurance company (hedge provider). The project receives merchant revenue (revenue
received through the market during operation) through the market. The swap provider pays the project a
fixed price for a “settlement period”. In return, if the proxy revenue is higher than the fixed payment during
the settlement period based on the project’s calculated proxy generation, the payment difference goes to the
swap provider and vice versa.

3.3.2

Technology advance - dispatchable RE

Technology advances are a key driver of PPA innovations in the U.S. Due to variable output, wind and solar
used to be treated as non-dispatchable resources and required conventional power plants and other dispatchable renewable to maintain flexibility 68. The increasing RE penetration challenges the energy system to
balance demand and supply.
A well-designed PPA can include incentives to compensate the ancillary services/grid support functions
of variable wind and solar69. One of these innovative PPA models may schedule the percentage of solar or
wind potential production while the RE buyer (e. g., a utility) controls the output of electricity70. Any unscheduled energy production can provide ancillary services such as spinning reserves and frequency response instead of posing an integration challenge to the grid. In this way, variable RE are treated as dispatchable resources in order to provide ancillary services, which are paid for.
Another approach is to incorporate backup conventional generators and battery storage into wind and
solar generation sites to make them dispatchable. The decreasing cost of battery storage makes RE-plusstorage a viable option. In the combination, wind and solar can charge the battery during off-peak hours and
discharge electricity when load demand is high, thus achieving some energy shifting. However, storage also
brings a new challenge in terms of allocating control rights, that is, whether the RE producer or buyer has the
right to decide about the storage performance71. Adding storage as a technological element will certainly
change the overall PPA structure. The box below provides an example of how solar/wind-plus-storage PPA
works in Nevada72.
NV Energy proposed Renewable-Plus-Storage PPA
In 2018, NV Energy filed a Request for Proposals (RFP) including dispatchable energy. Battery energy storage system (BESS) associated with RE resource has been considered to support RE deployment.
In the BESS-based PPA model, two-tiered pricing is proposed to promote battery deployment. Buyer shall
receive all energy produced during the Full Requirements Period, which is the period consisting of June
through August, hours ending 17 through 21 (5pm-9pm). In addition, the electricity rate during this period
is equivalent to 6.5 times the electricity rate applicable during the non-Full Requirements Period.
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Only very few PPAs to date have combined conventional resources and RE to implement a dispatchable/semi-dispatchable PPA. For example, a concentrating solar thermal plant could be combined with a natural gas-fired combustion system to mitigate intermittency issues. The Box below provides an example 73.
Xcel Energy Semi-Dispatchable Renewable PPA
Xcel Energy is an electric services company with four utility subsidiaries serving 3.6 million electric customers across eight states of the U.S. In 2018, Xcel Energy has released their new Model PPA for Wind and
Solar Generators, as well as new Model PPA for semi-dispatchable Generators.
The Semi-Dispatchable PPA enables power providers with a solar thermal generator that incorporates a
natural gas-fired combustion system to contract a PPA with Xcel Energy. The conventional plant is designed to supplement the generation of solar thermal energy, thus mitigating intermittency issues and
making the generation fleet “semi-dispatchable”. Power provider shall make available to Xcel Energy all
ancillary services associated with the power plants, at no additional charge.
For energy generated by the solar thermal plant, Xcel Energy will pay a contracted solar energy rate. For
natural gas generated energy, a monthly tolling payment, based on mutual agreement, will be applied.

3.3.3

Options for small market participants – energy aggregation, joint tenancy and
reseller contracting

With increasing interest in RE procurement from small corporations with relatively low energy demand, PPA
models are evolving to meet increasing demand for RE from smaller companies with lower energy demand.
Unlike large buyers such as utilities and large corporations, smaller buyers have difficulty reaping the full
benefits of a PPA. The size requirements for buyers to sign PPAs, the inability to pursue economies of scale
and the high transaction cost limit the use of PPAs for small buyers74. Three innovative approaches are therefore created to involve small market participants.
Energy aggregation refers to a group of companies (energy buyers) who together purchase energy from a
single or multiple RE producers75. Although the energy consumption for an individual is small, energy aggregation can achieve the economies of scale and retain the economic advantages of a high-volume purchase.
The Box below provides an example of implementing renewable VPPA through energy aggregation in Massachusetts76.
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Three corporates buyers implemented solar VPPA through energy aggregation
In 2016, three corporations – the Massachusetts Institute of Technology, the Boston Medical Center, and
the Post Office Square Redevelopment Corporation entered into a fixed 25-year VPPA with a 60 MW solar
farm located in North Carolina. While North Carolina disallows competitive market access, this solar farm
is located in PJM interconnection territory and therefore could sell into PJM Interconnection and facilitate
a VPPA.
Dominion Energy, an energy service company is the developer and owner of the solar farm while Customer Energy Solutions is a trading company that serves as an agent that sells the power on the wholesale market (Mid-Atlantic Wholesale Electricity Market). The generated electricity will not be physically
delivered to the three buyers, but the RECs help them to identify their energy attributes and to claim RE
procurement activities.
Joint tenancy is another approach that enables small customers to sign PPAs with RE producer. In this PPA
model, corporate buyers contract a small portion of the expected generation of an RE project that has an anchor tenant – —a buyer that contracts a large percentage of the projects’ generation77. This approach suits
small buyers with lower credit ratings and lower risk-tolerance because the anchor tenant finances the majority of the project78. Recently, an unprecedented model has been initiated by allowing multiple small corporations to aggregate and to act as the anchor tenant collectively, and the Box below illustrates this innovative joint tenancy PPA example79.
Five corporations forming an aggregation group to act as the anchor and contracted solar
VPPA
In 2019, five corporations – Bloomberg, Cox Enterprises, Gap Inc, Salesforce, and Workday have formed
an energy aggregation group, which served as the anchor tenant to contract 42.5 MW of a 100 MW North
Carolina solar project through VPPA. Other corporations can now procure the remaining RE cooperatively
with lower risks.
Lastly, small buyers can engage in pre-contracted, resold tranches of a larger PPA, which refers to the reseller contracting model80. In this model, a large buyer may purchase the entire energy output from a project and then resale a portion of that purchased energy to other smaller buyers. Small buyers, as the second
counterparty, have more flexibility in terms of financing and risk control. On the other hand, similar to a joint
tenancy model, since the PPA was signed by the large-scale buyer, small buyers have fewer PPA options, and
the project price and term may be unfavourable in the end.
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4

PPAs in EU member states – different incentive
policy backgrounds, similar emerging business
models

Before going into detail about different possibilities of implementing PPAs on the European market, the differences between trading models for variable RE will be shortly explained. Especially the difference between
PPAs and direct trading/marketing in the wholesale market will be discussed in more detail in order to provide suitable background information regarding the heterogeneous situation for PPAs in Europe. Direct marketing occurs in different forms: The German cases of direct marketing and mandatory acquisition will be
covered as well as the trading mechanism “contracts for difference” (CfD) used in the UK.
The analysis focuses on the different mechanisms form the perspective of the RE producer.
Generally, the main differences between PPAs and other marketing models are:


the place where the trading takes place: usually on the organized multilateral wholesale market (stock exchange) (direct marketing in Germany), on the long-term bilateral wholesale market (over the counter,
OTC, in form of PPAs) or outside the wholesale market, directly to the grid operator (mandatory acquisition in Germany).



contract parties: RE producer on the one hand and company, utility or energy community on the other
hand (PPAs), RE producer/direct marketer and electricity buyer on the spot market (direct marketing), RE
producer and grid operator (mandatory acquisition in Germany) or RE producer and private consumer
(tenant electricity model in Germany).

PPAs can be a part of a RE support policy scheme, such as in case of direct marketing (CfD) in the UK. More
often they do exist independently from the state support structure.
In the next section the main models for variable RE participation in electricity trading will be presented:


direct marketing/trading on the wholesale market in Germany,



direct marketing (CfD) in the UK and



mandatory acquisition (guaranteed acquisition) in Germany.

4.1
4.1.1

Other models for variable RE participation in electricity trading in the EU
Direct marketing in Germany

Direct marketing for RE was introduced in Germany in 2014 in order to incentivize a better integration of RE
in the electricity market as well as sensitize RE producers for the patterns and specifics of the demand side. It
differentiates between mandatory direct marketing of new plants commissioned after 1 January 2016 and
with installed capacity above 100 kW and the optional direct marketing of existing plants. 81
In this model, the RE producer receives the so-called market premium for selling electricity on the wholesale
market in addition to the market price. In practice, most RE producers sell their electricity through direct
traders on the wholesale intraday stock exchange. PPAs in the market premium model are possible, but not
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frequently used in practice. It may happen in the form of a bilateral PPA instead of real-time offering on the
stock market (see also section 4.2.3). The market premium is paid by the distribution system operator (DSO)
on a monthly and retroactive basis for a 20-year period. Altogether the sum of the stock exchange remuneration and the market premium corresponds at least to the amount of the fixed FIT for installations, who are
lower than 750 kW and therefore not obliged to take parts in the auctions. For them, the amount of the market premium is calculated as the difference between the FIT for the respective RE technology (EEG remuneration) and the average market price of electricity calculated on a monthly basis – average price monthly
(APM). In case of wind and PV, the amount is corrected by a weighting factor that reflects the market value on
the spot market. In addition, a management premium (MP) shall offset the costs of offsetting the forecasting
errors and constitutes a part of the calculation of the reference value based on APM (see below).82
The market premium is calculated as follows:
market premium = EEG remuneration – reference value*
*reference value = APM – MP
For those installations that are obliged to take part in the auctions, the level of the market premium is determined in the auction. Since the portion between market price and market premium is highly variable, the
mechanism of market premium is defined as a sliding feed-in premium (FIP)83.
RE producers can also sell their electricity on the spot market or directly to the buyer with a PPA without receiving the market premium and without being subject to all other regulatory conditions of the EEG. This socalled “other direct marketing” is almost never used because the financial disadvantages due to the lost FIP
are quite high and the trading on the spot market currently provides not enough financial securities for RE to
enable a sufficiently reliable refinance security. 84 However, PPAs as a form of the “other direct marketing”,
are increasingly gaining importance in Germany (see section 4.2.3). The “other direct marketing” have an important advantage over the direct marketing model: the green characteristic of RE electricity can be sold and
certified as such, because the proof of origin can be conveyed or sold to the purchase entity.85 This is a potential additional source of revenues, but current extremely low prices for green electricity certificates prevent a
further utilization. This conveying or selling of the green electricity certificates is not allowed for RE plants
that receive FiT or FiP.
RE that receive FITs can easily switch to direct marketing and back to the FIP model on a monthly basis while
retaining the right to the previous fixed FIT. The benefit of direct marketing is the possibility to earn more
profits than the fixed FIT when selling electricity during peak demand times at peak prices above the average
monthly market price. Additional revenue opportunities can be explored by the sale of balancing energy. Biogas plants can also benefit from the so-called flexibility bonus rewarding their demand-oriented generation.86

4.1.2

Direct marketing (CfD) in the UK

In the UK the so-called contracts for difference (CfD) were introduced in 2017 as the government’s main
mechanism for supporting low-carbon electricity generation.87 A CfD is a long-term contract between an electricity generator and Low Carbon Contracts Company (LCCC)88, which is a private company fully owned by the
Secretary of State for Business, Energy and Industrial Strategy (BEIS). For the duration of the contract (15
years) the RE producer receives a remuneration per produced kWh at the awarded level (the “strike price”)
that should reflect the cost of investing in a particular low carbon technology89. So the producer does not
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have to sell the electricity in the wholesale market at market price. In this design form, CfD is a mix of a sliding FIP scheme90 (state support) and a synthetic PPA in the form of hedging (see section 2.3). It can be therefore described as an element of a state support policy structure. When the market price for electricity (the
reference price) is below the “strike price”, LCCC pays the RE producer the difference. When the reference
price is above the strike price, the RE producer pays LCCC the difference91 (see figure 3).

Figure 3

Schematic illustration of the contract for difference (CfD) mechanism in the UK.92

The CfD scheme shall encourage RE producers to participate directly in medium- and long-term electricity
trading, spot-market trading or balancing power markets93 and thus reduce price volatility risks at the spot
markets. Another goal is to protect consumers from paying excessive support costs by setting a fix price level
which cannot be exceeded94.
In order to apply for a CfD, RE producers must participate in the yearly allocation round and submit a bid.
Bids are considered in ascendant order of the price they offered until the yearly budget for new projects is
exhausted. The project that is last accepted sets the strike price for that year for all other projects accepted.95
To date, there have been two allocation rounds.96

4.1.3

Mandatory acquisition (guaranteed acquisition) in Germany

According to the EEG, all RE installations below 100 kW of installed capacity are entitled to receive a FIT.97 The
duration of FIT payment is fixed for 20 years. The grid operator is responsible to preferentially dispatch the
produced electricity, extend and adjust the grid up to the connection point of the RE plant. The project developer is responsible for connection of the plant to the closest grid connection point. This priority dispatch regulation applies to every RE power plant in Germany, not only to those smaller than 100 kW.
The FIT calculation is based on a transparent methodology taking into account the generation costs of each
technology.98 PV FITs are reduced based on a monthly digression rate, depending on technology and size
(e. g. rooftop systems, installations on non-residential buildings, free-field installations). Additionally, the
FITs for PV can be flexibly adjusted each quarter according to the so-called “volume management strategy". It is based on the “breathing cap” degression system under which the FIT is decreased or increased
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each quarter depending on the capacity installed during the previous 12 months prior to the respective quarter. These regulations aim to further reduce the costs of PV support for end consumers and at the same time
provide the PV producers with an investment security.

4.2
4.2.1

Conditions supporting PPA contracting in Europe
Organisation of the European electricity market

Currently, the electricity market in the EU is mainly organised as an energy-only market, because generators
are remunerated for generated electricity only and do not receive remuneration for providing available generation capacities (capacity market). However, European countries have quite different market structures,
which are often mixed structures consisting of energy-only markets and complementary mechanisms such
as capacity remuneration and strategic reserve.99
There are two main types of energy-only wholesale markets:


stock exchange derivatives and spot market and



over-the-counter derivatives consisting of a long-term bilateral over-the-counter (OTC) trading and organized OTC trading.100

The above mentioned different types of electricity markets are arranged in a sequential order. They may start
years ahead of delivery (derivatives: future and forward market) or, as it is the case on the spot market,
shortly before the actual delivery takes place (day-ahead and intra-day markets). On the spot market they
can even end after the actual delivery (day-after market). Above all, there are the balancing markets,
which are often operated and managed by the TSO(s) of a country. Balancing energy is an important ancillary service to stabilize the power system “through the continuous, real-time balancing of power demand
and supply“101.
In this overall structure, PPAs can be defined as part of the bilateral OTC trading in the EU, although currently RE does not yet play a significant role in this form of trading. Mainly large hydro power plants are financed through very long-term PPAs (up to 40 years) 102 that were closed many years ago in quite different
surrounding market conditions.

4.2.2

Factors that support the utilisation of PPAs

In this section, the most important conditions and developments in regulation and electricity markets that
facilitate PPA contracting in the EU will be discussed based on the perspectives of different involved actors.
Afterwards, case studies of Germany and Sweden will be presented to illustrate which relevance the countryspecific context has on the utilisation of PPAs.
From the RE producer’s perspective
Offer price and revenues stability: RE has become cost competitive in a number of countries. The reason is
that the technology costs fall and infrastructure capital costs remain at historically low rates. 103 As a consequence, wholesale electricity and balancing energy prices in Europe are expected to become more volatile
due to the increasing share of variable RE and the decrease of baseload conventional generation104. In this

28

4 PPAs in EU member states – different incentive policy backgrounds, similar emerging business models

market environment RE producers as well as electricity buyers can benefit from the price and revenue stability offered through PPAs because they allow stable refinancing cash-flows. A low-risk perception is vital for
the bankability of any capital-intensive RE project. 105
Reduce incentive policy dependence: Volatile wholesale electricity prices and the goal of most governments to reduce the financial support for RE enable and push RE producers to seek financing options outside
the current support structures. Until now, the expansion of RE in Europe has been taking place almost entirely on the basis of targeted incentive policies. The support level of those policies is becoming increasingly
competitive and participation in mechanisms such as auctions and CfDs is complex and contains relevant
hurdles, especially for small producers. That triggers a development towards alternative financing options.
Follow-up financing option after support period: Within the next few years, an increasing number of RE
installations will reach the end of their support period106, especially in Germany. Many of these plants are expected to continue operation, especially in the case that repowering is technically feasible. Entering into
PPAs may provide a good business case for the further operation of such RE power plants and can contribute
to an increased resource efficiency.
From the buyer’s perspective
Avoid market risks and price volatility: As it was mentioned, wholesale electricity and balancing energy
prices will become more uncertain and volatile due to the increasing share of volatile RE in the system and
the decrease of baseload conventional generation. Moreover, in the long term, wholesale electricity prices
are expected to increase due to the upcoming changes in the EU ETS with increasing prices for carbon emissions. That affects especially the price level of electricity from fossil power plants. 107 These changes stem
from already implemented EU ETS reforms, such as the market stability reserve; current political discussions
on further reforms and resulting decisions will increase that dynamic. The retail electricity prices are also expected to increase due to the increasing costs for the grid infrastructure necessary to integrate RE (relevant
for direct PPAs) Those developments may increase the competitiveness of RE in comparison to the fossil incumbents108. In some European countries in the Nordics, such as Denmark, retail electricity prices for large
industrial buyers are very high, so PPAs for wind energy provide a viable alternative option to procure electricity on the wholesale market.109 Generally, PPAs represent a good option for buyers to procure energy costeffectively and avoid market price volatility. They can provide long-term cost stability, predictability, affordability and price visibility for buyers, especially corporations and industrial players with high sensitivity to predictable and competitive prices.
Improve sustainability performance: Large corporations are increasingly looking to reduce their environmental footprint and carbon emissions. 110 They adopt strategies of corporate social responsibility and commit to green agendas.111 The reasons can be the wish to improve their corporate image and sustainability performance as well as imposed regulatory requirements such as quota systems for RE. As a result, many companies are seeking to satisfy their energy needs from RE sources 112 and prove that by buying RE electricity or
the green electricity certificates (certificates of origin).
Use market opportunity for cost-effective procurement: As it was mentioned, within the next few years,
an increasing number of RE installations will reach the end of their support period. Entering into PPAs with
the operators of those RE power plants can provide a good business case for buyers to procure electricity at
competitive costs. That situation may be a win-win for all involved and thus trigger greater utilization of
PPAs.
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From the governments` perspective
Convergence of support policy development and market-based possibilities: Ambitious RE and climate
policy targets in the countries increase the need for electrification of different fields of consumption (e. g.
transportation) and will likely lead to a growing demand for RE electricity. PPAs can potentially defray part of
the public expense for RE support policies. But by adequate design, support policies may also work in conjunction with PPAs, without substituting each other. 113 Targeted interventions by governments can support
the accelerated roll out of PPAs, whereas PPA can generate additional investment sources for RE projects.114
In the future, support schemes such as FIP will be probably replaced by investments grants and other forms
of government support. 115, which may be easily combined with PPAs, e. g. when a RE developer needs an investment capital.
Use PPAs in other fields of energy transformation with financing needs: Energy systems are becoming
significantly more complex as a result of increasing RE penetration116. It requires increasing effort of governments and grid companies to plan, coordinate and fund the grid infrastructure, management and flexibility
of electricity production and demand, energy storage and power-to-X technologies. 117 PPAs may play a vital
role in these planning and coordination processes because they are a highly flexible tool that can serve several purposes and can even help to match system needs which are very difficult to regulate directly. One example is the use of power-to-X systems (e. g. for the production of hydrogen), which could be in the long term
supplied from large-scale RE projects on the basis of PPAs118.
Embrace the opportunity, integrate it into regulation: The EU has recognized the role of PPAs and is planning to improve the conditions for this mechanism, which should encourage producers and buyers to enter
into PPAs. The new European Renewable Energy Directive (RED II) foresees a significant improvement for
PPAs by removing administrative barriers and creating favorable regulatory frameworks. This includes the
introduction of a legal definition of PPA, strengthening of the green electricity certificate system and support
of the introduction and use of regional certification regimes and markets.
Future development
According to a recent study of Enervis Energy Advisors, PPA-funded wind and solar projects will account for
only 1 % of Europe's installed RE capacity by 2020. But the share will increase significantly until the mid2020s. For the beginning of the 2030s, Enervis expects that the expansion of RE will take place almost entirely
on a PPA basis. Ten years later, even half of all installed wind and solar power plants in Europe will be based
on PPA contracts. By then, PPAs will become the standard instrument for RE financing.119
In the following, two country examples (Germany and Sweden) will be presented in order to discuss specific
conditions which support or hinder PPA contracting, related to regulation and market.

4.2.3

PPAs in Germany

Supporting factors for PPA in Germany
State support becomes financially unattractive for RE producers: Germany is an example of a state with
rapidly changing RE market and ever-evolving support policy structure. In 2017 it introduced RE auction
schemes which replaced the statutory FIP through auction-based FIP for wind and PV plants from 750 kWp
upwards. The level of competition was satisfying in most of the auction rounds (for all technologies) and a
general decrease in awarded price bids could be observed. According to Energy Brainpool, most of the onshore wind power installations that won the auctions in 2017 will earn more on the wholesale market than
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from the FIP supporting mechanism during the support period. For them the support policy is a hedge of the
minimum revenue, even if the FIPs are unlikely to be paid out.120 At the same time also the FITs and FIPs for
power plants below 750 kWp have been decreased continuously due to the government policy of keeping the
support for RE as low as possible and regular adaptation of the support level by the mechanism of the
“breathing cap” (see section 4.1.3). These rapid cost and support decrease has let companies (especially of
the wind and PV industry) to increasingly look for new and alternative marketing opportunities outside the
existing support policy structure. PPAs provide a stable source of income in contrary to the state support,
whose level is steadily adjusted (FIT) and dependent on the volatile spot market price (FIP). PPAs also make
it possible to reach individual agreements with buyers that include more favorable price conditions as state
support decreases.
State support poses hurdles to smaller RE producers: Another condition that may let actors decide to enter into PPAs rather than take part in auctions is the fact that auctions limit the market considerably in its volume as well as in its diversity. E. g., only 600 MWp of PV per year can be tendered, in addition, for the years
2019 to 2021, a further 4 GW in total will be awarded through special tenders. 121 Auctions also involve many
legal hurdles122. In particular, many potential RE producers, such as municipal utilities, municipalities and
citizen energy cooperatives do not decide to participate in the auctions because of the revenue uncertainty
due to a quite complex calculation method of the FIP, which is periodically adjusted and depends on the location, the expenditures for land and planning approval procedures123.
Germany has ambitious RE targets for electricity: German government has implemented ambitious RE
targets for the electricity market and for carbon emission reduction. RE electricity is the single most important measure to enable the use of RE in other sectors (mobility, heating, industry) which further boosts
the interest and need for RE electricity production. However, it is already foreseeable that with the current
incentive system and market structure, both the RE and emission reduction goals are probably not achievable (e. g. due to low number of bids in the wind-onshore auctions). Therefore, it is expected that the government will pay more attention to non-state market instruments such as PPAs and develop appropriate conditions or eliminate obstacles for their implementation in order to accelerate the energy transition and reach
renewable and climate policy targets.
Germany phases out nuclear and coal and the EU proposes new policies: Other factors that might increase the political and business interest in PPAs are the gradual phasing out of coal-fired and nuclear power
plants in Germany, which may “push the utilities’ ability to take on further market risks through PPAs”124.
Also the national implementation of the Clean Energy for all Europeans-Package (Winter Package) with the
revised version of the European Renewable Energy Directive (RED II) may accelerate the use of PPAs.
EEG support phases out: Last but not least, the phase-out of EEG support for an increasing number of RE
power plants starting from 2020 additionally increases an interest in alternative financing options. Between
2021 and 2026 around 14.000 wind turbines with an installed cumulative capacity of 17 GW exit the support
scheme and represent a viable market potential for new business models such as PPAs 125. How could the further operation of those installations be economically viable in the future? One possible option is to enter into
a PPA with a corporate or utility buyer interested in a long-term electricity delivery for a competitive price. By
that, significant RE generation capacities could be further utilized in the system.
However, since PPAs may provide the RE operator of an old power plant much lower revenues in comparison
to FIT (around 30 % of the previous revenues by full covering of operational costs) 126, it could be more attractive to sell whole power plants to utilities or wind energy companies. It may be a good business case for wind
energy companies through selling RE electricity to other companies that are looking for viable possibilities of
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green energy procurement and at the same time offering cost benefits through favorable costs of operation
and maintenance of the plants127
New opportunities for electricity traders and RE producers: For electricity traders, contracting of electricity from both old and new RE power plants via PPAs is also an option. The main reason that triggers this interest is the expected increase of the spot market electricity prices. Secondly, the current support scheme
with the market premium is perceived as a "tight corset" which specifies exactly how the electricity has to be
marketed and thus is very inflexible when creating the most suitable business model. 128 Sales of green electricity certificates is not possible for RE power plants that receive FIT or FIP. In the FIP model, RE electricity is
marketed as a part of the total electricity mix, including conventionally generated power. By buying electricity in PPAs without FIP, RE producers could create new green electricity products for customers interested
specifically in green energy. 129
Possibilities of implementing PPAs in Germany
On the German electricity market there exist currently three main options of how to implement a PPA (see
table 5). Those different possibilities for implementing PPAs depending on the lifecycle status of the RE
power plant correspond with the diverse needs of the market actors. They have different motivations to enter into PPAs. Also the preferences regarding the detailed contract conditions, such as the contract duration,
may differ. For example, RE project developers prefer long-term PPAs, whereas electricity traders are more
interested in short-term contracts.130 Currently, in Germany there is not one “usual” or preferred PPA model
and that is also unlikely in the future. There will be many different PPA structures and they will be adapted
individually by the actors to their specific needs. In any case, the role of PPAs in Germany in financing of new
RE project will be constantly increasing.131
RE producers receiving FIP enter into PPAs

–

relevant for operational projects

–

selling of certificates of origin is not possible

–

attractive for corporate customers wanting to hedge their power risks

–

feasible for off-site sleeved and VPPAs, but not for direct PPAs, because the electricity must be exported to the grid in order to receive FIP

RE producers that are no
longer eligible to receive
FIT/FIP enter into PPAs
RE producers voluntarily resign
from their right to participate
in auction or to receive FIP and

–

relevant for operational projects

–

selling of certificates of origin possible

–

feasible for all kinds of PPAs

–

relevant for both operational and new projects

–

new projects more attractive due to the fact that they would be subject to fewer
legal hurdles by not taking part in the auction process and not being bound by

enter into PPAs

Table 5
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the statutory annual maximum capacity volumes
–

selling of certificates of origin possible

–

feasible for all kind of PPAs

Different possibilities for implementing PPAs on the German electricity market132.
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Regulatory and market barriers in Germany
As mentioned in the previous section, in Germany currently PPAs are worse off than other marketing options
for RE because operators cannot benefit from EEG support scheme and at the same time sell their electricity
by means of green electricity certificates. Many corporate buyers are primarily interested in these proofs of
origin in order to maintain their climate-friendly corporate image.
If a PPA is signed for a RE power plant that does not receive FIP, green electricity certificates may be conveyed or sold to the electricity buyer. This business case may gain more attention in Germany with an increasing need of companies to procure green electricity
One of the main market barriers is a lack of knowledge, experience and standards regarding the design and
content of the PPA contracts, e. g. the sharing of risks and chances of market price fluctuations. However,
there is little standardization potential due to the complexity of the product and specific requirements on the
buyer’s side (see above).
Other current market barriers for PPAs in Germany are:


insolvency risk of the contract party,



market risks/electricity price volatility,



complexity and high transaction costs of PPAs and



unfavorable financing conditions in comparison to the state support mechanism.133

Examples of PPAs in Germany
There are some examples of utility PPAs in Germany, with following utilities being involved as buyers: Statkraft, Greenpeace Energy, Enercon (Quandra Energy), Wemag and Engie 134. Altogether the entire volume of
PPA contracts in Germany is not higher than 100 MW135.
In 2018, Norwegian energy group Statkraft signed a PPA with six community wind farms in Lower Saxony,
which will allow them to continue their operations from 2021 onwards after expiry of the support period. The
capacity of the wind farms amounts to 45 MW. The duration periods of the contracts are three to five years.
Statkraft will supply the green electricity to a one German industrial company.136 Also Greenpeace Energy,
Enercon and Wemag will purchase electricity from old wind power plants, which will not receive any support
from 2021 onwards. 137
In case of Engie, the PPA covers the power generation from the Arkona offshore wind farm (OWP Arkona) that
started to generate electricity in the summer of 2018. Under the terms of the agreement, Engie purchases the
whole power generated by the wind farm (1,5 terawatt hour (TWh) per year) and markets it for a period of
four years on the German day-ahead and intraday market. At the same time, Engie manages various marketrelated risks for the wind farm.138
To date there is only one example of a corporate PPA known in Germany: a 10 MW wind power plant developed and operated by WPD AG for a factory of BMW in Leipzig. WPD considered the factory processes and
needs in the planning and design of the wind power plant in order to increase the full load hours and support
the grid management and optimization of the factory.139 In September 2019, another example is expected to
follow: BayWa r.e. has signed a PPA with an industrial buyer for its 8.8 MW solar park in Mecklenburg-Vorpommern, which has started construction in June. 140
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Last year, BayWa r.e. built and sold a 175 MW PV power plant in Southern Spain to Meag. Meag signed a PPA
with Statkraft as buyer for the electricity from this plant for 15 years at a price range of 35 – 50 €/MWh. In the
next years, BayWa r.e. plans further solar power plant in Spain and other South European countries with a
total capacity of more than 1 GW. According to BayWa’s managing director, it is also possible in Germany to
sell PV electricity from large-scale PV power plants without FIP. He estimates that in 1-2 years, the costs could
decrease to 30 €/MWh. However, the main hurdle could be land use restrictions, necessary permits as well as
owners’ and communities’ reluctance.141
Not only RE project developers and possible industrial buyers in Germany are increasingly interested in
PPAs. Also lenders start to include products in their portfolios with the aim to help RE producers to obtain
financing. The sustainable development lender Umweltbank has developed a financing product intended for
large-scale PV power plants that includes a PPA. According to the bank, if a PPA for minimum five years is
available at a fixed price, a loan with a term of up to 25 years may be granted. Ten years ago, Umweltbank
started offering standardized contracts for FIT-backed solar projects.142

4.2.4

PPAs in Sweden

Supporting factors for PPA in Sweden
Sweden develops RE rapidly and PPAs are contributing to this growth: In July the Swedish Wind Energy
Association (SWEA) reported that the country is on track to reach its 2030 RE target of 49 % electricity from
RE sources by the end of 2018. 143 In June 2017 the Swedish parliament decided to increase the production of
electricity from RE sources by further 18 TWh by 2030. 144 By 2040 Sweden wants to produce 100 % of its electricity from RE sources. Corporate PPAs are increasingly contributing to reaching these targets and have been
growing in popularity in Sweden and also in Scandinavia as a whole. 145
Favourable conditions for big data centres: The PPA market in Scandinavia is booming due to rapid development of data centres due to its cool climate, cheap electricity, good interconnections, and EU policies promoting cross-border digital corridors.146
Favourable support structure: Next reason for the intensive PPA development in Sweden is the RE support
structure, which is based on green electricity certificate and quota system for utilities and companies. It generally increases the interest in RE, because corporations are able to receive green electricity certificates to
meet sustainability targets. But this system does not guarantee the RE producer a specific price for the power
generated. Thus the RE producer takes a market-driven price risk related to the sale of the electricity. Many
financers, such as banks, require therefore that the price is hedged. One way to hedge the price is a corporate
PPA between the RE producer and a corporate buyer. It offers the certainty that the RE generators need in a
financial environment without state guarantees or subsidies. 147
Stable and predictable regulatory framework for buyers and sellers: PPAs are particularly attractive in
Sweden, because the market environment is stable and predictable for energy buyers and sellers, and this
statement applies also to the whole Scandinavia148. Additionally, the power market is very liquid and transparent.149
Low electricity prices: Further supporting factors that make Sweden particularly attractive for PPAs are low
electricity prices due to a decrease in the prices of fossil fuels and the growing supply from RE, including hydro150. According to Eurostat, electricity prices for non-household consumers in the second half of 2017
amounted to 0.15€/kWh in Germany and Italy, whereas in Sweden, Finland and Norway it was only 0.06-0.07
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€/kWh. As a result, RE producers are interested in corporate PPAs to obtain financial certainty, and corporate
buyers are eager to sign PPAs to obtain secure low long-term prices. 151
Government support – cutting energy taxes and nuclear phase-out: Also important for the proliferation of
corporate PPAs in Sweden is the government’s explicit support which created suitable and predictable regulatory conditions for RE. In addition, the Swedish government has cut energy taxes and it has also decided to
close two Vattenfall nuclear power plants - first in 2019 and second in 2020 – a decision which has opened
the way for RE producers to bring forward projects to fill the generation gap 152.
Regulatory and market barriers in Sweden
The existing RE support scheme in Sweden, the quota system, puts an important obstacle for PPAs. The value
of green electricity certificates collapsed through over-supply due to high RE installation numbers, low
wholesale electricity prices and large sources of nuclear and hydro. These developments have been recognised by the Swedish government and an incremental reform of the RE support system is currently being carried out to address the issue of over-supply. This should improve the business case for new RE developments
and reduce price pressure in PPAs. 153
Examples of PPAs in Sweden
Sweden is the first European country where one of the international internet giants signed a PPA. In 2013,
Google made a deal with OX2 for electricity delivery from the 72 MW Maevaara wind power plant. One year
later Google signed several ten-year PPAs with another Swedish developer, Eolus, for the electricity output
from several wind power plants in the South of Sweden totalling 59 MW, to power a data centre in Finland. In
2015, it signed another PPA with Eolus for the power from a 76 MW wind farm in Västernorrland County.154
Also major industrial players are signing PPAs in Sweden. The Norwegian company Norsk Hydro agreed in
2018 to buy 60 % of the electricity from the 353 MW Blakliden/Faebodberget wind power plant in Sweden
developed by Vestas, Vattenfall and PKA. 155 In 2017, the same company signed the largest PPA in Europe todate for the Markbygden ETT wind farm in northern Sweden with a projected total capacity of 650 MW. 156
Norsk Hydro will buy 1.65 GWh annually over the 19-year contract duration, which is about 80 % of the expected electricity generation.157 This wind farm is just the first phase of a 4 GW-plus Markbygden cluster.
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5

Success factors and limitations of PPAs

This section highlights the success factors of renewable PPAs from the perspectives of buyers and sellers and
summarizes the potentials and limitations of PPAs as a RE procurement approach.

5.1

Success factors of PPA

A well-designed PPA could benefit multiple stakeholders, including the RE producer and the energy buyer. A
PPA offers flexibility and creativity to corporations to procure RE that traditional utilities cannot provide.
While using a PPA as a financial tool for RE procurements offers many benefits, it certainly is not a “one size
fits all” solution for all buyers. With evolving policy, regulatory and market landscapes, sometimes an advantage could also fade away under changing circumstances.
From the buyer’s perspective


Risk limitation: First, a PPA, physical or VPPA, provides a hedge against future electricity price fluctuations. Electricity prices offered by the utility typically are subject to market variabilities (e. g. fuel costs, intermittent supply of generation assets) and other costs such as regulatory compliance and infrastructural
investments. For example, in the deregulated markets of the U.S., California Independent System Operator(CAISO) has energy price cap and floor at the level of $1,000/MWh and -$150/MWh, respectively, while
New York ISO (NYISO) and PJM Interconnection (PJM) have no price floor158. PPAs offer buyers the opportunity to lock-in electricity prices over the term of the PPA contract (typically 15-20 years). The PPA price
creates a predictable expenditure that reduces financial risks and uncertainties for buyers. Although, price
risk and basis risk (the price difference between hub and node) may take place when implementing a VPPA,
settling VPPA by hub (average prices in region or zone) rather than by node (particular location on the
transmission system) and setting a price floor and cap can mitigate these risks159.



Low entry barriers: Second, PPAs require minimal to no upfront capital expenditure and can save buyer
money on day one of the contracts, which benefits both utility and corporate off-takers. Additionally, buyer
is generally not responsible for ongoing operations and maintenance cost and monitoring of the system.
This is particularly desirable for corporate buyers because operating and maintaining a power plant is beyond their core business. In addition, in the U.S., PPAs allow entities (e. g., non-profit organizations) that
cannot make direct use of the tax credits to benefit them. For example, PPAs enable universities to benefit
from renewable tax incentives indirectly160. However, such incentive policies could vary considerably by
jurisdictions and change over time. With expiration or phasing out of RE incentives, the declining cost of RE
is expected to drive the utilization of PPAs.



Increase of the own RE profile: Lastly, PPA is an effective approach to procure relatively certain variable
RE electricity. The developer is incentivized to maintain the system and keep it operating optimally because the PPA is mostly settled on energy output ($/MWh); the more energy the RE power plant generates,
the more payment RE producer can receive, provided that the PPA covers the entire production. Moreover,
many PPAs contain performance guarantees that protect buyers from production shortfalls. This advantage may erode or create some issues when oversupply and curtailment take place, which will be discussed in section 5.2.
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From the developer’s perspective


Revenue stability and RE bankability: PPAs create a long-term, predictable cash flow that can either be
sold off at a discounted value or can be retained for revenue generation over a long term. In this way, PPA
participants can have a clear vision for their long-term plan rather than facing the price uncertainty.



Risk sharing: Second, PPAs spread risks across several different parties such as developers, buyers, and
financiers, and thus creates a more flexible risk-sharing approach. As discussed in section 3.3.1 in detail,
risks (fuel, price, shape, operation and basis) along with RE procurement have not been allocated between
the seller and buyer correctly. As a financial tool, PPA can re-allocate those risks.

From a market perspective


Design flexibility: PPA opens up market opportunities by allowing customers to decide what price they
are willing to pay for RE and to choose which financing method is most appropriate for them.



Price flexibility: Compared with PPAs, government-driven RE incentives like FIT may not reflect the actual
RE price in the context over ever-decreasing technology costs. Implementing market-based PPA can, therefore, alleviate public budgets and can protect RE producers from the uncertainty of wholesale markets as
well as falling FIT/FIP prices. For example, in Germany FITs and FIPs are continuously decreasing. PPA also
removes government allocation risks because government is not responsible for paying the generator for
all or a portion of energy.

5.2

Limitations of PPAs

Like other financing options, PPAs have some limitations and disadvantages. Some of the limitations take
place due to the characteristics of variable RE. For instance, because solar generates most of its output during the midday and the demand peak usually takes place during the sunset, the output from variable RE is
often not simultaneous with the buyer load demand, known as shape risk. While buyers and sellers are familiar with different types of risks, negotiating a balanced contract remains challenging even with advances in
economic modelling and best legal practices. Below is a brief summary of the key limitations associated with
PPAs for RE.
Creditworthiness
PPAs require a creditworthy buyer to inspire the trust of investors and banks to protect the seller and the financiers from defaults. If the buyer is not creditworthy, a bank is unlikely to provide debt financing. The need
for a creditworthy counterparty can impose significant barriers and transaction costs on sellers and can bar
unrated customers (e. g. private companies without public financials) or customers with unfavourable credit
(e. g. large and stable corporations facing macroeconomic issues in their industry) from the marketplace.
Market and regulation
The feasibility and viability of PPAs are highly dependent on surrounding market and regulatory infrastructure within which the sellers and buyers operate. For example, in the U.S., the sellers involved in the
VPPAs must be located in competitive wholesale markets. Another example is that some third-party PPAs
may not be economically viable if net metering is disallowed in the state, where the PV systems are located
(see section 3.3).
Understanding market risks of PPA, especially VPPAs, is important. Because VPPAs rely on fluctuating market
prices, it is crucial to understand the forces which influence the price formation. There are many factors
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which could impact future electricity pricing including RE penetration, natural gas pricing, transmission capacities and distribution grid upgrades, the regulatory environment and carbon emission pricing. Buyers
need to have a thorough understanding of the market risks embedded in the transaction so they can make
informed decisions about what risks they are and are not, willing to take. This enables them to ultimately
structure a transaction in line with their specific risk tolerance.
Risk due to long contract duration
PPAs typically require a 15 –20-year term to ensure that systems are fully paid down, investors meet their returns, and the price per kWh is low enough to attract buyers. Contracts with long time horizons generally
carry risks such as long-term market stability, developer viability, and mismatch with certain business or regulatory requirements. For corporations with shorter business strategy timeframes, a long-term PPA is not appropriate, and even for large buyers like utilities, the seller and its financers would have to critically consider
the business stability such as the possibility of bankruptcy. For example, Pacific Gas and Electric Company
(PG&E), an investor-owned utility in California has filed bankruptcy in 2019, and it has proposed a plan to renegotiate PPAs that include relatively high prices with RE producers 161. In terms of seller viability, the bankruptcy and acquisition of RE producers also increase the risk of contracting PPA. Last but not least, corporate
buyers could be subject to contracting limitations from their regulators or are unwilling to bear long-term
risks as part of their financial policies or the nature of their businesses, which could prevent some entities
from entering into long-term contracts. The recent trend in the U.S. suggests that more corporations prefer
PPAs with a much shorter term (e. g., less than 10 years)162.
Information asymmetry
PPA structures are complicated and keep evolving, so market participants will need some degree of familiarity with PPA contracts and pricing for a stable and efficient PPA marketplace to exist. Information asymmetry
exists across all involved actors: seller, buyer and financer. Buyer, especially corporations, may have less information because they are not responsible for project development, operation and maintenance, and thus
need to case disadvantages when negotiating the PPA price. Usually there is a learning curve associated with
learning how to execute PPAs, what to look for in the terms and conditions, how to determine pricing and
how to compare competing bids.
Curtailment
Some PPAs may suffer from revenue losses and increased risks for both, RE producer and buyer, when curtailment takes place. The specific impact depends on the risk allocation under the PPA and the extent of curtailment that takes place. Curtailment refers to the curtailed energy output that would otherwise be produced. In energy only PPA model, buyers have high risks because they are required to purchase all energy
output, even the curtailed volumes. On the other hand, if the buyer has the right to choose whether to dispatch the electricity or not, the RE producer will bear the curtailment risk. Some innovative PPAs are emerging to mitigate curtailment risks, see section 3.3. for details.
Accounting treatment163
The accounting requirements for physical PPA and VPPAs are different and could mean the first make-orbreak decision when buyers vet their interest in a potential PPA. In the U.S., physical PPAs require a licensed
power marketer (an entity engaged in the purchase and sale of electricity) to facilitate the delivery of energy
to the buyer’s account. On the other hand, VPPAs can be subject to different accounting requirements. Be-
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cause a VPPA is fixed for floating swap, it is subject to certain U.S. financial industry regulations, which require registration and reporting of the transactions by the buyers and sellers in the U.S. Before signing a VPPA
contract, the buyer should seek to fully understand these accounting requirements.
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PPAs in China: current policies and options for
further action

6.1

Why PPAs could be an option for China’s energy transition?

PPAs could help address major challenges that China faces in integrating RE into the power system and enable quicker RE deployment. In the following, a couple of those challenges and political goals are discussed:

6.1.1

Decouple RE deployment from government subsidies

In light of the huge deficit in its Renewable Energy Development Fund, from which the FIT is paid to RE producers, China is looking for market-based approaches to support RE development. Generous FIT and often
slow adjustment to the FIT rates incurred significant social and capital costs as well as mismatch between RE
supply and demand. The unsustainable FIT incentive motivated the Chinese government to introduce market-based elements for the calculations of FITs (see section 6.2). In order to decouple further RE development from government subsidies, the Chinese government also encourages subsidy-free RE development
(see section 6.2). PPAs offer a financing tool to streamline RE investment and demand through a long-term
contract between buyers and RE developers, provided that the surrounding market structure supports the
creation of PPAs. European examples demonstrate that PPAs can be used to facilitate the transition from FIT
to FIP and beyond to reduce the dependence of RE development on government subsidies.

6.1.2

Fulfil renewable obligations: RE consumption goals

PPAs could help provinces and corporations to achieve the new mandatory RE consumption goals. On 10
May 2019 China introduced the Mandatory Renewable Electricity Consumption Mechanism 164. The official
assessment and monitoring is slated to start in 2020. The documents published by NEA (National Energy Administration) in May 2019 foresee assigning a quota to provincial grid companies, state-owned and private
distribution grid companies, electricity retail companies, industrial enterprises owning their own power
plants, and large end-users participating in bilateral electricity trading. NEA will set RE consumption targets
for provinces and provide measures to achieve them. 165 Companies covered by the scheme will receive green
electricity certificates when they buy RE directly166. Because corporations currently have very limited choices
(e. g., green certificates, direct investment in RE) to procure RE, PPAs could provide a valuable mechanism to
allow corporations to sign contracts with RE developers to achieve their mandatory goals.

6.1.3

Reduce curtailment risks

China has made tremendous efforts to boost RE penetration and currently is a global leader in this field. By
2018, China has deployed over 170 GW and 180 GW solar and wind cumulatively167. But at the same time
huge amounts of electricity generated from RE have been curtailed due to transmission bottlenecks, nonmerit based dispatch order and insufficient local consumption where RE production is abundant, among
other factors. In 2018, 7% and 3% of wind and solar were curtailed in China, respectively 168. However, the regional imbalance between RE supply and electricity demand is a key factor contributing to the much higher
curtailment rate in certain regions. For example, the quick expansion and oversupply of wind energy in
north-western China means that some wind energy cannot make to the load centres near the coast while
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maintaining normal operation and reliability of the power system.169 In Gansu Province the curtailment rate
was 19 % for wind and 10 % for solar alone in 2018. 170 The “Renewable Energy Integration and Consumption
Plan 2018-2020” released by NRDC in 2018 aims to mitigate and address RE curtailment issues 171. PPAs can
serve as a complementary tool to achieve a more balanced allocation of curtailment risks between renewable producers and buyers (see section 3.2.1). It can also help to better match RE electricity generation and
demand and thus prevent generation overcapacity and grid congestion. On that end, PPAs may also support
a better planning and utilization of the grid infrastructure (see section 6.3).

6.2

How newly established policies may facilitate PPA adoption in China?

China has already taken initial steps to facilitate the implementation of PPAs, especially for corporations. 172
Besides the already mentioned green certificates and quota systems, it has implemented various aspects
of wholesale electricity market reform and is trying to adapt it to accommodate the needs of different
market actors. The central government intended to reduce RE subsidies by introducing competition of FITs
through auctions. According to policy released by NDRC in the end of April 2019, FIT level payments are subject to competition since July 2019. Local authorities are expected to hold auctions for FITs of wind and PV
plants and special PV projects (including “Top Runner” and grid-supporting projects). For PV, the NEA will
then allocate FIT payments only to the most competitive projects. In parallel, the Price Bureau of NDRC announced the level of PV FIT payments as a guidance for the auctions in July 2019. In addition, the government strongly encourages non-subsidized PV projects (known in China as Grid-Parity Projects), which will not
receive any national subsidy. Green certificates will be granted for those projects as an additional source of
revenue173.
This new policy makes room for PPAs as an alternative financing option for new RE projects to secure revenues. What is more, the introduction of FIT competition and thus their market-based calculation provides a
reference point for RE price calculation also outside the subsidy mechanism. It helps to determine the price
in a PPA that is in line with the market, and thus encourage the market actors to choose this financing and
purchasing option.
Last but not least, China has introduced in 2019 a priority dispatch for PV and wind projects that do not
receive any subsidies and are situated in regions and provinces without grid congestion issues 174. They will be
able to sell electricity in excess of the quota175. Grid companies should not only transmit, distribute and sell
the electricity from RE, but also procure it through long-term (20-years) PPAs for fixed prices176. The most of
distribution and transmission system operators are state-owned, which gives Chinese authorities the power
to impose on them the duty for a certain form of energy procurement.

6.3

Further options for actions in China to accelerate PPA utilisation

In the following, action options will be discussed that could enable better and quicker implementation of
PPAs in China based on the experiences and lessons learned from the U.S. and Europe.

6.3.1

Structural market reform

An important condition for PPAs is a further vertical and horizontal unbundling, that is separation of generation, transmission, distribution and retail functions into multiple entities that compete with one another or
provide services in different areas. In the U.S. and many European countries, full unbundling is still not
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achieved and the situation is quite diverse as well. But the experience with its implementation shows that it
can be advantageous for the market actors. Unbundling provides the possibility of direct marketing of generated electricity to the consumers – on a spot market or over-the-counter. These marketing options are currently limited in China. Only large corporate consumers, who match the access conditions, are able to participate in direct purchase, e. g. procure electricity from RE generators177. Purchasing and retail functions are
attributed to state-owned system operators only178. These vertically integrated, state-owned grid companies
have thus monopolistic superiority in the Chinese retail and consumption market. There exists also an oligopoly on the generation side with five state-owned power generation companies179, authorized by the government. Wholesale and retail power prices are regulated and the generators are rewarded based on the
amount of electricity produced180. This inflexible market structure as well as the price regulation limit market
access of other independent power producers. Moreover, decoupling retail from transmission and distribution tasks as well as enabling more competition in generation through equal and transparent grid access for
all generators and energy sellers would encourage more actors to negotiate and enter into PPAs. At the moment, PPAs in China are often tripartite agreements between the buyer, the RE producer and a state-owned
grid company181. Depending on grid company’s role in the power system, whether to highly involve it in PPA
contract or not varies by countries. For instance, grid companies in the EU are not parties in the PPAs and
they basically provide the grid infrastructure to the energy producers to transmit or distribute the energy.
The RE producers need to submit an application for the grid connection by the responsible grid operator and
clarify the grid connection condition. In this way, without TSOs and DSOs acting as intermediaries in those
contracts, electricity procurement through PPAs is easier and quicker to execute.

6.3.2

Introduce transmission and distribution fees

A crucial step in the unbundling process would be the establishment of approved, updated, transparently
and publicly available transmission and distribution (T&D) fees. Currently, grid companies do not charge separate T&D fees because they make revenues both for providing grid infrastructure and for selling electricity to
the consumers. The total costs incurred for that are not publicly available182. The Chinese government established T&D fees in 31 provinces and the city of Shenzhen during the first monitoring and regulation period of
power sector reform (2015-2018). Nevertheless, the structure of T&D fees does not adapt well with the requirements of PPAs, because they are higher if the PPA buyer and seller are situated in different provinces,
which may be the common situation. In this case the fees include also transmission costs between the provinces. In order to encourage companies and sellers to make use of PPAs as procurement method, rational
T&D fees should be introduced.

6.3.3

Consequent priority dispatch for all RE

PPAs could be implemented more easily if RE had priority dispatch, because it improves the planning and
financial certainty for the market actors. In the EU, priority dispatch has been a successful policy mechanism
to support RE and better integrate them in the market for many years. Priority dispatch means, that it is on
the basis of criteria other that economic. The new EU directive on the internal market for electricity introduced within the Winter Package in 2019 removed priority dispatch for large-scale installations so that they
take on their own responsibility for balancing the system. China introduced priority dispatch for RE in 2016.
This has been included in the set of measures adopted by NDRC and NEA in the policy document “Measures
for the Administration of the Guaranteed Buyout of Electricity Generated by Renewable Energy Resources”183.
However, this policy provides RE priority dispatch only in some cases. It applies to hydro and utility-scale
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wind and solar to guarantee a new (RE) power plant to run for a minimum number of hours per year. Energy
output for these hours are must-take via physical PPAs or CfDs with grid companies (utilities). Additionally,
utilities are required to purchase all power generated from distributed PV, biofuel, geothermal and marine.184
What is more, as it was mentioned above, in 2019 China introduced a priority dispatch for subsidy-free PV
and wind power plants in certain regions and provinces which are required to enter into PPAs with grid companies (utilities)185. In order to encourage also corporate PPAs, a priority dispatch for all RE, for the whole energy output and in all provinces would be helpful. China could consider also modifying it by linking it to certain conditions to avoid grid congestion (e. g. direct marketing on the spot market or availability of utility or
corporate PPAs). In the future China could revise the decision about introducing priority dispatch for all RE
based on the level of RE penetration, the status of electricity market reform and infrastructure constraints.

6.3.4

Enable price competition and introduce spot power markets

If PPAs are to become attractive and competitive in China, questions concerning market design and financial
challenges need to be addressed. Implementing corporate PPAs in China is challenging in the current regulatory circumstances. A market-based approach would be more appropriate to enable price formation in a
more competitive way. At present, regional FITs for RE in China are quite high and not awarded in a marketbased manner186. The price of green certificates in China is tightly linked with FITs guaranteed over a 20-year
period, because RE producers must choose between receiving either the revenue from the FIT or from the
sale of green certificates187. Certificates are still not allowed to be traded, and represent a transfer of the FIT
payment only from the government to the buyer. Hence they are not additional, and corporate buyers are
not interested in paying a subsidy that the government is already obligated to pay 188. This situation provides
barely incentives for buyers to enter into PPAs. PPAs would especially start to be an option for corporations if
they provided enough certainty to enable cost reduction. On the other hand, RE producers wish to make revenues at least at the FIT level. Only in provinces with high levels of curtailment or other special circumstances, RE producers have been willing to accept prices lower than the FIT 189. But since FITs are expected to
be reduced further in China190, PPAs may become a competitive and attractive substitution.
Another feasible option would be to introduce a market-based FIT calculation, e. g. determined in auctions,
that would provide an appropriate reference point for price calculation in PPAs reflecting market conditions
and costs. As it was mentioned, FIT level payments in China are subject to competition since July 2019. However, there needs to be a mechanism providing a market-based reference point for price in the auctions,
which would serve also as a reference price for the PPAs. Spot markets could provide such solution. Properly
functioning spot power markets (day-ahead and intraday) are crucial mechanisms for the implementation of
PPAs. Spot market provides a reference point for electricity price formation and is particularly important for
the price calculation and contract structure in financial PPA mechanisms. Spot market prices could also help
calculating FITs and thus also help determining prices in the PPAs that reflect market conditions and costs.
Moreover, spot markets are often used in PPA structures to balance production and demand fluctuations.
Depending on the PPA model, it is often impossible for reasons of technical and economic viability to match
perfect the generation and demand between the PPA seller and buyer. Against this background, China should
consider to implement several spot markets in different provinces that each cover a high electricity trading
volumes, thus providing enough liquidity and reflecting actual power demand and supply information. In
June 2019, eight spot market power pilots in China started commissioning 191 in order to gather knowledge
about its functioning in the Chinese context. More far-reaching information on the possible roadmap forward
for China on the implementation of spot markets is included in the CREO 2019.
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6.3.5

Strengthen the green certificate system

As it could be seen on the U.S. and European examples, a functioning system of green electricity certificates
may facilitate the implementation of PPAs. The reason is that companies are willing not only to procure RE
directly, but also need to have a proof of that origin. In order to facilitate a system of voluntary RE purchases
through PPAs, a credible and reliable market and transaction infrastructure is needed 192. This infrastructure
includes contracts, accounting infrastructure, tracking systems or registries and transaction certification. As
it was mentioned, China has a voluntary green certificate program in place and in May 2019 it introduced a
quota system (see the paragraph below). However, until now the voluntary certificate market has offered limited choices to market participants and was not very effective so far (see the paragraph above). Therefore,
China could consider introducing mandatory-based green certificate system and trading leaned on the quota
system. It could benefit the renewable quota policy and encourage PPA deployment. In this context it could
also clarify the relationship between green certificates and FIT payments (see also the paragraph on price
competition and spot markets). For example, the German case has shown that the inability to convey the
green electricity certificates when FIT or FIP is granted for the generated electricity may hinder RE deployment based on PPAs. On the other hand, PPAs may replace FIT or FIP as an equally competitive and attractive financing option if introduced carefully.
What is more, at the moment green certificates can be obtained from onshore wind and solar PV, which do
not represent on-site or behind-the-meter generation. This regulation limits the possibilities to enter into direct PPAs at all and thus should be improved. As for the tracking system developed by the China Renewable
Energy Engineering Institute, it still needs to be implemented to full functionality, including the ability for
corporate entities to hold their own account193. Also an appropriate transaction verification program, complementary to the activities of the China General Certification Centre, needs to be adopted. It would encourage PPA deployment through i. e. ensuring the benefits of green certificates and avoiding that they are double-sold or double-counted.194

6.3.6

Emphasize and execute strict RE quotas

Even more favourable for an increased use of PPAs are quota obligations, not only for utilities, but also companies, like in Sweden. The mandatory consumption mechanism introduced in China in 2019 could be developed in order to encourage PPA deployment. At the moment the quotas are set for this year and next year
and thus are not intended as an incentive or support scheme for the industry’s long-term development, but
rather as a minimum to ensure the absorption of RE already built. These schemes are therefore not “market
mechanisms” but instead serve as administrative targets. China could establish a market-based quota system that sets long term targets and would therefore provide investors and stakeholders with a long-term
view of what would be mandated by policy and thus stipulate the emergence of new RE projects and PPAs.

6.3.7

Provide reliable grid infrastructure

For the further PPA implementation, the availability of transmission lines and a reliable grid infrastructure
are indispensable, because otherwise it is not guaranteed that the energy generated can be transmitted to
the buyer. This uncertainty may hinder companies from entering into PPAs. China still has difficulties transmitting RE from the generation areas in the North and West to the areas of the highest demand on the East
coast of the country. Also more intermeshed transmission lines between provinces are lacking which leads to
inefficient RE deployment and curtailment. PPAs may support a better planning of the grid infrastructure,
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since the generation and demand can be better matched. Chinese grid planning authorities could take advantage of this PPA feature and try to coordinate the infrastructure planning along with the PPA dissemination. That would encourage PPA deployment as well as better, more efficient and economically effective infrastructure development and utilization.

6.3.8

Provide proper legal framework and assistance

Last but not least, a legal framework and assistance for designing, drafting and implementing of PPAs that is
transparent, reliable, comprehensive, possibly standardized, uniform and easy in application should be established in order to reduce the complexity, uncertainties and risks associated with this voluntary procurement method. The more transparent and the more comparable, the better PPA integration may work across
provinces in China. Especially referring to the U.S. experience could be helpful in this respect, as the PPA has
a longer utilization history there than in Europe, where the legal framework is still under development.
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The aim of the report was to present the main PPA variants on the European and U.S. electricity markets, the
elements that support or hinder PPA contracting as well as innovative PPA approaches that support coordination with further RE deployment. Based on that analysis, the report explained advantages of PPAs in the
Chinese context and provided options for China how to achieve a better implementation of PPAs. Below the
most important findings of the report are shortly summarized.
Advantages of PPAs


PPAs may provide a viable alternative to the existing RE financial support mechanisms and to the trading
on the stock exchange.



The most important features of PPAs are their long-term price fixation and bilateral character. Due to these
attributes, PPAs offer price and revenue stability and planning security both for buyers and RE producers.



PPAs enable high level of flexibility so that they can be adapted to different electricity consumers and diverse actor constellations easily. PPAs provide an attractive option both for utilities, companies and energy
communities and can be concluded with different corporate buyers or aggregating buyer groups/consortia.



PPAs may help corporations to fulfil RE quota obligations and reduce their environmental footprint and
energy costs.



For states and grid companies, PPAs can play a substantial role in supporting the processes of planning
and coordinating of RE and energy infrastructure development.

Experiences in different countries


Main factors that boost the interest in PPAs in Germany: Rapid decrease of RE costs and their support
level, ending of EEG-support from 2020 for increasing number of RE power plants, ambitious RE targets for
electricity generation, decision to gradually phase-out coal-fired and nuclear power generation



Main factors that contribute to PPA utilisation in Sweden: Suitable wind and climate conditions, RE
quota obligation for companies, RE support scheme that does not provide price guarantees for the sold
electricity, low electricity prices compared to the rest of Europe, which level may be secured via RE PPAs.



Main factors that contribute to PPA utilisation in the U.S.: Two decades’ experience with PPA implementation, further development that addresses challenges along with PPA implementation, use of innovative approaches to assign risks to different stakeholders and to provide more opportunities for smaller customers, improvement of PPAs to combine with new generation types, operation and grid formats (such as
RE-plus-storage system, active power control and improving operational approaches) that make RE more
dispatchable.

Success factors and limitations of PPAs


A successful PPA implementation relies on both policy and regulatory support and market structure.



Standardize contract terms and conditions are prerequisites of negotiating any PPA.



Large-scale contracting of PPAs requires uniform regulations. The more transparent and the more comparable, the better PPA integration works across states (U.S.), provinces (China) and national borders (EU).
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General familiarity with PPAs among all parties in the transaction, including buyers, developers, financiers,
legal professionals, governments, and others helps to avoid information asymmetry.



Deregulated wholesale and retail markets provide more flexible PPA approaches and enable more participation. Big buyers like utilities play a more substantial role when implementing PPA in the regulated market.



The falling cost of RE makes the LCOE of RE competitive with fossil fuels.

Options for China
PPAs could help address major challenges that China faces in integrating RE into the power system: reduce
curtailment and decouple RE deployment from public money management. It could also help to fulfil the political goals, e. g. RE consumption goals. The following key options have been identified for China in order to
easier and quicker implement PPAs:


Structural market reform: decoupling retail from transmission and distribution tasks as well as enabling
more competition in generation through equal and transparent grid access for all generators and energy
sellers.



Introducing rational T&D: establishing of approved, updated, transparently and publicly available transmission and distribution (T&D) fees.



Introducing priority dispatch for RE: introducing a priority dispatch for all RE, for the whole energy output and in all provinces and linking it to certain conditions to avoid grid congestion (e. g. direct marketing
on the spot market or availability of utility or corporate PPA).



Enabling price competition and introducing spot power markets: introducing a mechanism providing a
market-based reference point for price in the auctions, which would serve also as a reference price for the
PPAs. A spot market could provide such solution.



Strengthening the green certificate system and emphasizing and executing strict RE quotas: introducing a mandatory-based green certificate system and trading leaned on the quota system, enabling obtaining green certificates also from on-site or behind-the-meter generation, implementing the full functionality
of the tracking system, adopting of an appropriate transaction verification program, introducing marketbased quota system, clarifying the relationship between green certificates and FIT payments – whether FIT
may be attained when green certificate is conveyed.

dena-Report „How to use PPAs for cost-efficient extension of renewable energies - Experiences with Power Purchase Agreements from Europe and the U.S. /
Lessons learned for China“

47

8 Figures and Tables

8

Figures and Tables

Figure 1

Capacity of PPAs in different European countries in the end of 2018 in GW........ 9

Table 1

Most common PPA structures in Europe. ........................................................... 14

Table 2

Most common PPA structures in the U.S. ........................................................... 14

Table 3

Key components and terms in a PPA. ................................................................. 16

Figure 2

Available PPA types under different market structures ..................................... 18

Table 4

PPA risks allocation. ............................................................................................ 21

Figure 3

Schematic illustration of the contract for difference (CfD) mechanism in the
UK. ........................................................................................................................ 27

Table 5

Different possibilities for implementing PPAs on the German electricity
market. ................................................................................................................. 32

48

9 Bibliography

9

1

Bibliography

Paul Schwabe et al., “Wind Energy Finance in the United States : Current Practice and Opportunities”, National Renewable Energy Labor-

atory, 2017, accessed at https://www.nrel.gov/docs/fy17osti/68227.pdf, p.24.
2 “Bird

& Bird & Corporate PPAs. An international perspective”, accessed at https://www.twobirds.com/~/media/pdfs/an-international-

perspective-2019.pdf?la=en&hash=F176426C957DABD255105F1E177139BBF1B8A503, p. 13 and “Renewable electricity with green certificates”, Ministry of Sustainable Development of Sweden, May 2006, accessed at https://www.government.se/49b73b/contentassets/41902ab952bd49d887367ea10c0eefce/renewable-electricity-with-green-certificates.
3 Andrew

Hedges, “Corporate renewable PPAs – a framework for the future?”, 2017, accessed at https://www.nortonroseful-

bright.com/en/knowledge/publications/3ea24a79/corporate-renewable-ppas---a-framework-for-the-future.
4

“The Rise of Corporate PPAs 2.0.”, an Update – July 2018”, Baker McKenzie, July 2018, accessed at https://www.bakermckenzie.com/-

/media/files/insight/publications/2018/07/fc_emi_riseofcorporateppas_jul18.pdf?la=en, p. 2.
5

“The Rise of Corporate PPAs 2.0.”, an Update – July 2018”, Baker McKenzie, July 2018, accessed at https://www.bakermckenzie.com/-

/media/files/insight/publications/2018/07/fc_emi_riseofcorporateppas_jul18.pdf?la=en, p. 2.
6

U.S. Department of Energy, ”United States Electricity Industry Primer”, July 2015, accessed at https://www.en-

ergy.gov/sites/prod/files/2015/12/f28/united-states-electricity-industry-primer.pdf.
7

Jesse Heibel and Jocelyn Durkay,”State Policies for Power Purchase Agreements”, National Conference of State Legislatures, 2017, ac-

cessed at http://www.ncsl.org/research/energy/state-policies-for-purchase-agreements.aspx.
8

“U.S. Wind Industry Annual Market Report Year Ending 2018”, American Wind Energy Association, 2019, p.66.

9

“Corporate Procurement of Wind and Solar 2018”, Wood Mackenzie, 2019 , p.6.

10

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, 2018, p. 15 and “Power Purchase Agreements II: Marktana-

lyse, Bepreisung und Hedging Strategien”, Energy Brainpool, 2019, accessed at https://www.energybrainpool.com/fileadmin/download/Whitepapers/2019-02-01_Energy-Brainpool_Power-Purchase-Agreements-II.pdf, p. 5.
11

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, 2018, p. 15.

12

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, 2018, p. 15.

13

“Power Purchase Agreements II: Marktanalyse, Bepreisung und Hedging Strategien”, Energy Brainpool, 2019, accessed at

https://www.energybrainpool.com/fileadmin/download/Whitepapers/2019-02-01_Energy-Brainpool_Power-Purchase-Agreements-II.pdf,
p. 5.
14

“Power Purchase Agreements II: Marktanalyse, Bepreisung und Hedging Strategien”, Energy Brainpool, 2019, accessed at

https://www.energybrainpool.com/fileadmin/download/Whitepapers/2019-02-01_Energy-Brainpool_Power-Purchase-Agreements-II.pdf,
p. 5.
15

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 15.

16

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018 accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.

dena-Report „How to use PPAs for cost-efficient extension of renewable energies - Experiences with Power Purchase Agreements from Europe and the U.S. /
Lessons learned for China“

49

9 Bibliography

17

“Power Purchase Agreements II: Marktanalyse, Bepreisung und Hedging Strategien”, Energy Brainpool, 2019, accessed at

https://www.energybrainpool.com/fileadmin/download/Whitepapers/2019-02-01_Energy-Brainpool_Power-Purchase-Agreements-II.pdf,
p. 5.
18

“Corporate Renewable Energy Procurement in China”, Paulso Institute, 2018, accessed at http://www.paulsoninstitute.org/paulson-

blog/2018/07/30/corporate-renewable-energy-procurement-in-china/.
19

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 5.

20

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 5.

21

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 5.

22 “Corporate PPA.

Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 5.

23 Schneider Electric,

“What is the difference between direct and financial (virtual) PPAs”. Accessed at https://hub.resourceadvisor.com/re-

newable-energy/what-is-the-difference-between-direct-and-financial-ppas-for-corporate-buyers.
24

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 5.

25

Andrew Hedges, “Corporate renewable PPAs – a framework for the future?”, 2017, accessed at https://www.nortonroseful-

bright.com/en/knowledge/publications/3ea24a79/corporate-renewable-ppas---a-framework-for-the-future.
26

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 5.

27

Paul Schwabe et al., “Wind Energy Finance in the United States : Current Practice and Opportunities”, National Renewable Energy La-

boratory, 2017, accessed at https://www.nrel.gov/docs/fy17osti/68227.pdf.
28

“Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 11.
29 Andrew

Hedges, “Corporate renewable PPAs – a framework for the future?”, 2017, accessed at

https://www.nortonrosefulbright.com/en/knowledge/publications/3ea24a79/corporate-renewable-ppas---a-framework-for-the-future.
30

“Collaborative Offsite PPA Structures for Renewable Energy Buyers”, Schneider Electric, Bird & Bird, accessed at:

https://www.twobirds.com/~/media/pdfs/joiningtheclubcollaborativeoffsiteppastructuresforrenewableener.pdf?la=en&hash=20DC1193AA718E4FDBE1D6A69DF6BDE213B26222.
31

Remi Gruszka, “Corporate green PPAs: Instrument zur Risikoabsicherung?”, power-point presentation during the Strommarkttreffen on

18 January 2019 in Berlin, p. 4.
32 “Corporate PPA.

Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 6.

34

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 6.

35

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 7.

36

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 7.

37

“Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 14.
38

“The Rise of Corporate PPAs 2.0.”, an Update – July 2018”, Baker McKenzie, July 2018, accessed at https://www.bakermckenzie.com/-

/media/files/insight/publications/2018/07/fc_emi_riseofcorporateppas_jul18.pdf?la=en, p. 11.
39

Barbara O’Neill and Ilya Chernyakhovskiy, “Designing wind and solar power purchase agreements to support grid integration”, NREL,

2016, accessed at https://www.nrel.gov/docs/fy16osti/66543.pdf.

50

9 Bibliography

40

Jenny Heeter and Eric O’Shaughnessy, “Using Power Purchase Agreements for Solar Deployment at Universities”, NREL, 2016, accessed

at https://www.nrel.gov/docs/gen/fy16/65567.pdf.
41

Barbara O’Neill and Ilya Chernyakhovskiy, “Designing wind and solar power purchase agreements to support grid integration”, NREL,

2016, accessed at https://www.nrel.gov/docs/fy16osti/66543.pdf.
42 Richard

H. Brody and Brian C. Harms, “Power Purchase Agreements: Key Issues and Provisions”, Practical Law Finance, 2019, accessed

at https://content.next.westlaw.com/6-522-4469?transitionType=Default&contextData=(sc.Default)&__lrTS=20190212154606031&firstPage=true&bhcp=1.
43

“How the Role of Regulation in Competitive Electricity Markets Impacts C&I Consumer Choice”, Schneider Electric, 2019, accessed at

https://hub.resourceadvisor.com/renewable-energy/how-the-role-of-regulation-in-competitive-electricity-markets-impacts-c-i-consumer-choice.
44

Jesse Heibel and Jocelyn Durkay, “State Policies for Power Purchase Agreements”, National Conference of State Legislatures, 2015,

accessed at http://www.ncsl.org/research/energy/state-policies-for-purchase-agreements.aspx.
45 Jesse Heibel

and Jocelyn Durkay, “State Policies for Power Purchase Agreements”, National Conference of State Legislatures, 2015,

accessed at http://www.ncsl.org/research/energy/state-policies-for-purchase-agreements.aspx.
46

EPA Green Power Partnership (2017), “Solar Project Development in Regulated Markets”, p.12, accessed at https://smartandsustaina-

ble.umd.edu/sites/smartandsustainable.umd.edu/files/epa_regulated_markets.pdf.
47

EPA Green Power Partnership (2017), “Solar Project Development in Regulated Markets”, p.12, accessed at https://smartandsustaina-

ble.umd.edu/sites/smartandsustainable.umd.edu/files/epa_regulated_markets.pdf.
48

Advanced Energy Economy(2017), “Expanding Corporate Access to Advanced Energy”, p.10, accessed at https://www.aee.net/initia-

tives/corporate-access-to-advanced-energy.
49

EPA Green Power Partnership (2017), “Solar Project Development in Regulated Markets”, p.12, accessed at https://smartandsustaina-

ble.umd.edu/sites/smartandsustainable.umd.edu/files/epa_regulated_markets.pdf.
50 Tom Stanton,

“Review of State Net Energy Metering and Successor Rate Designs”, NRRI, 2019, accessed at http://nrri.org/down-

load/nrri-19-01-review-of-state-net-energy-metering/.
51

Solar Energy Industries Association, “Section 201 Solar Tariffs”, accessed at https://www.seia.org/research-resources/section-201-solar-

tariffs.
52 Gallagher,

Ben, Wood Mackenzie Power & Renewables, “Global PV system pricing H2 2018”, p.8 and p.23; Cole, Wesley; Frazier, Will;

Donohoo-Vallett, Paul; Mai, Trieu; Das Paritosh (2018), “” 2018 Standard Scenarios Report: A U.S. Electricity Sector Outlook”, National
Renewable Energy Laboratory, p.11, accessed at https://www.nrel.gov/docs/fy19osti/71913.pdf.
53

“Renewable power generation costs in 2017”, IRENA, p.6, accessed at https://www.irena.org/-/media/Files/IRENA/Agency/Publica-

tion/2018/Jan/IRENA_2017_Power_Costs_2018_summary.pdf.
54

“Lazard’s Levelized Cost of Energy Analysis – Version 12.0”, Lazard, 2018, accessed at https://www.lazard.com/media/450784/lazards-

levelized-cost-of-energy-version-120-vfinal.pdf.
55

Depart of Energy (2018), “2017 Wind Technologies Market Report”,p.11, accessed at https://www.en-

ergy.gov/sites/prod/files/2018/08/f54/2017_wind_technologies_market_report_8.15.18.v2.pdf.
56

Bolinger, Mark and Seel, Joachim (2018), Lawrence Berkeley National Laboratory, “Utility-scale solar, empirical trends in project tech-

nology, cost, performance, and PPA pricing in the United States – 2018 Edition”, p.33, accessed https://emp.lbl.gov/sites/default/files/lbnl_utility_scale_solar_2018_edition_report.pdf.
57 Solar

Energy Industries Association (2018), “U.S. Solar Market Insight Full Report Q4 2018”, p.41.

dena-Report „How to use PPAs for cost-efficient extension of renewable energies - Experiences with Power Purchase Agreements from Europe and the U.S. /
Lessons learned for China“

51

9 Bibliography

58

FUELSAVE, “Is the Long-Term PPA Becoming Outdated for Corporate Renewable Procurement?”, accessed at https://fuelsave-

global.com/is-the-long-term-ppa-becoming-outdated-for-corporate-renewables-procurement/.
59

Bartlett, Jay (2019), Resources for the Future, “Reducing risk in merchant wind and solar projects through financial hedges”, p.15. ac-

cessed at https://media.rff.org/documents/WP_19-06_Bartlett.pdf.
60

Marks, Allan T and Rasel, Lily, North American Wind Power, “Financing Wind Projects With Synthetic PPAs”, p.1, accessed at

https://www.nawindpower.com/online/issues/NAW1404/FEAT_02_Financing-Wind-Projects-With-Synthetic-PPAs.html.
61

Bartlett, Jay (2019), Resources for the Future, “Reducing risk in merchant wind and solar projects through financial hedges”, p.15. ac-

cessed at https://media.rff.org/documents/WP_19-06_Bartlett.pdf.
62 Bartlett, Jay

(2019), Resources for the Future, “Reducing risk in merchant wind and solar projects through financial hedges”, p.20. ac-

cessed at https://media.rff.org/documents/WP_19-06_Bartlett.pdf.
63 John Sterling

et.al, “Proactive Solutions to Curtailment Risk, identifying new contract structures for utility-scale renewables”, Smart

Electric Power Alliance, 2018, accessed at https://sepapower.org/resource/proactive-solutions-curtailment-risks-identifying-new-contractstructures-utility-scale-renewables/.
64

Davies et al. “Proxy Generation PPAs, the next evolution of PPAs for the Corporate & Industrial Buyer”, Orrick, 2019, accessed at

https://blogs.orrick.com/derivatives/2019/02/27/the-evolution-of-proxy-generation-ppas/.
65 Giji.

M. John, “New PPAs- De-risk Solutions”, Orrick, 2019, accessed at http://s3.amazonaws.com/cdn.orrick.com/files/PFIPPAArti-

cle.pdf.
66

Davies et al. “Proxy Generation PPAs, the next evolution of PPAs for the Corporate & Industrial Buyer”, Orrick, 2019, accessed at

https://blogs.orrick.com/derivatives/2019/02/27/the-evolution-of-proxy-generation-ppas/.
67

“Buying renewable energy should be easy — here’s one way to make it less complex”, 2018, Microsoft, accessed at https://blogs.mi-

crosoft.com/on-the-issues/2018/10/16/buying-renewable-energy-should-be-easy-heres-one-way-to-make-it-less-complex/ ; “Microsoft
Recognized for Innovative Wind Energy Deal in Wyoming: A Q&A with Brian Janous”, Microsoft, 2017, accessed at https://blogs.microsoft.com/green/2017/03/16/microsoft-recognized-for-innovative-wind-energy-deal-in-wyoming-a-qa-with-brian-janous/ ; “Innovation
in Power Purchase Agreement Structures”, WBCSD, 2018, accessed at https://www.wbcsd.org/Programs/Climate-and-Energy/Energy/REscale/Resources/Innovation-in-Power-Purchase-Agreement-Structures.
68 Cochran

et.al, “Source of Operational Flexibility”, National Renewable Energy Laboratory, 2015, accessed at

https://www.nrel.gov/docs/fy15osti/63039.pdf.
69 This

paper will not discuss the detailed technology aspects of VRE’s ability to provide ancillary services. For more details, please see

Zhang et.al, “Investigating Power System Primary and Secondary Reserve Interaction under High Wind Power Penetration”, National Renewable Energy Laboratory, 2016, accessed at https://www.nrel.gov/docs/fy17osti/64637.pdf; Vahan Gevorgian and Barbara O’Neill,
“Demonstration of Active Power Controls by Utility-Scale PV Power Plant in an Island Grid”, 2017, accessed at
https://www.nrel.gov/docs/fy17osti/67255.pdf.
70 John Sterling

et.al, “Proactive Solutions to Curtailment Risk, identifying new contract structures for utility-scale renewables”, Smart

Electric Power Alliance, 2018, accessed at https://sepapower.org/resource/proactive-solutions-curtailment-risks-identifying-new-contractstructures-utility-scale-renewables/.
71

Robert Shapiro, “Energy Storage: Unique PPA Considerations”, Project Finance NewsWire, 2017, accessed at https://www.project-

finance.law/media/1601/pfn_1017.pdf.
72 “Renewable

Energy Request for Proposals Including Dispatchable Energy”, NV Energy, 2018, accessed at https://www.nven-

ergy.com/publish/content/dam/nvenergy/brochures_arch/about-nvenergy/doing-business-with-us/energy-supply-rfps/2018-fall-re-rfpprotocol.pdf.

52

9 Bibliography

73

“Who we are”, Xcel Energy, accessed at https://www.xcelenergy.com/company/corporate_responsibility_report/who_we_are ; “Xcel

Model Wind and Solar PPA, Model Semi-Dispatchable PPA and Semi-Dispatchable RFP”, Greening the Grid, 2018, accessed at
https://greeningthegrid.org/news/new-resource-xcel-model-wind-and-solar-power-purchase-agreement.
74

“What is Energy Aggregation? – A Primer”, LevelTen Energy, 2018, accessed at https://leveltenenergy.com/blog/aggregation/what-is-

energy-aggregation/.
75

“What is Energy Aggregation? – A Primer”, LevelTen Energy, 2018, accessed at https://leveltenenergy.com/blog/aggregation/what-is-

energy-aggregation/.
76

“Innovation Through Aggregation A case study of partnership to purchase renewable energy”, A Better City, 2017, accessed at

https://www.abettercity.org/docs-new/Innovation_Through_Aggregation.pdf ; Heeter et al, “Existing and Potential Corporate Off-site
Renewable Procurement in the Southeast”, NREL,2019, accessed at https://www.nrel.gov/docs/fy19osti/72003.pdf.
77

“Collaborate Offsite PPA Structures for Renewable Energy Buyers”, Bird & Bird, 2018, accessed at https://www.twobirds.com/~/me-

dia/pdfs/joiningtheclubcollaborativeoffsiteppastructuresforrenewableener.pdf?la=en&hash=20DC1193AA718E4FDBE1D6A69DF6BDE213B26222.
78

“Corporate Renewable, the collaborative model”, Schneider Electric, 2018, accessed at https://businessrenewables.org.au/wp-con-

tent/uploads/2018/11/Whitepaper-Corporate-Renewable-PPAs_-The-Collaborative-Model-Baker-McKenzie-002.pdf.
79

“Bloomberg, Cox Enterprises, Gap Inc., Salesforce and Workday Close All-New Renewable Energy Aggregation Deal”, Bloomberg, 2019,

accessed at https://www.bloomberg.com/company/announcements/bloomberg-cox-enterprises-gap-inc-salesforce-workday-close-newrenewable-energy-aggregation-deal/.
80

“Collaborate Offsite PPA Structures for Renewable Energy Buyers”, Bird & Bird, 2018, accessed at https://www.twobirds.com/~/me-

dia/pdfs/joiningtheclubcollaborativeoffsiteppastructuresforrenewableener.pdf?la=en&hash=20DC1193AA718E4FDBE1D6A69DF6BDE213B26222.
81

“Direktvermarktung von Strom aus Erneuerbaren Energien“, Next Kraftwerke, accessed at: https://www.next-kraftwerke.de/wissen/di-

rektvermarktung.
82 “Marktprämie”,
83

Next Kraftwerke, accessed at: https://www.next-kraftwerke.de/wissen/marktpraemie.

“China Renewable Energy Outlook 2018“, Energy Research Institute of Academy of Macroeconomic Research/NDRC, China National

Renewable Energy Centre, 2018, accessed at https://www.dena.de/fileadmin/dena/Dokumente/Themen_und_Projekte/Internationales/China/CREO/181213_CREO2018-EN-final.pdf, p. 212.
84

“Gesetz für den Ausbau erneuerbarer Energien (Erneuerbare-Energien-Gesetz – EEG 2017) § 21 a Sonstige Direktvermarktung“, acces-

sed at: https://www.gesetze-im-internet.de/eeg_2014/__21a.html and “Direktvermarktung von Strom aus Erneuerbaren Energien“, Next
Kraftwerke, accessed at: https://www.next-kraftwerke.de/wissen/direktvermarktung.
85

“Direktvermarktung von Strom aus Erneuerbaren Energien“, Next Kraftwerke, accessed at: https://www.next-kraftwerke.de/wissen/di-

rektvermarktung.
86

“Direktvermarktung von Strom aus Erneuerbaren Energien“, Next Kraftwerke, accessed at: https://www.next-kraftwerke.de/wissen/di-

rektvermarktung.
87 Department

for Business, Energy & Industrial Strategy, accessed at https://www.gov.uk/government/publications/contracts-for-differ-

ence/contract-for-difference.
88 EMR Settlement
89 Department

Limited, accessed at https://www.emrsettlement.co.uk/about-emr/contracts-for-difference/.

for Business, Energy & Industrial Strategy, accessed at https://www.gov.uk/government/publications/contracts-for-differ-

ence/contract-for-difference.

dena-Report „How to use PPAs for cost-efficient extension of renewable energies - Experiences with Power Purchase Agreements from Europe and the U.S. /
Lessons learned for China“

53

9 Bibliography

90

“China Renewable Energy Outlook 2018“, Energy Research Institute of Academy of Macroeconomic Research/NDRC, China National

Renewable Energy Centre, 2018, accessed at https://www.dena.de/fileadmin/dena/Dokumente/Themen_und_Projekte/Internationales/China/CREO/181213_CREO2018-EN-final.pdf, p. 404.
91 EMR Settlement
92 “China

Limited, accessed at https://www.emrsettlement.co.uk/about-emr/contracts-for-difference/.

Renewable Energy Outlook 2018“, Energy Research Institute of Academy of Macroeconomic Research/NDRC, China National

Renewable Energy Centre, 2018, accessed at https://www.dena.de/fileadmin/dena/Dokumente/Themen_und_Projekte/Internationales/China/CREO/181213_CREO2018-EN-final.pdf, p. 405.
93 Comp.:

“China Renewable Energy Outlook 2018“, Energy Research Institute of Academy of Macroeconomic Research/NDRC, China Na-

tional Renewable Energy Centre, 2018, accessed at https://www.dena.de/fileadmin/dena/Dokumente/Themen_und_Projekte/Internationales/China/CREO/181213_CREO2018-EN-final.pdf, p. 212.
94

Department for Business, Energy & Industrial Strategy, accessed at https://www.gov.uk/government/publications/contracts-for-differ-

ence/contract-for-difference.
95

“China Renewable Energy Outlook 2017“, accessed at https://www.dena.de/fileadmin/dena/Dokumente/Themen_und_Projekte/Ener-

giesysteme/CREO-2017-EN-20171113-1.pdf f, p. 405.
96

Department for Business, Energy & Industrial Strategy, accessed at https://www.gov.uk/government/publications/contracts-for-differ-

ence/contract-for-difference.
97

“Gesetz für den Ausbau erneuerbarer Energien (Erneuerbare-Energien-Gesetz – EEG 2017) § 21 Einspeisevergütung und Miterstromzu-

schlg“, accessed at: http://www.gesetze-im-internet.de/eeg_2014/__21.html.
98

Karolina Jankowska, “The German Policy Support Mechanism for Photovoltaics: The Road to Grid Parity” in: Moe, Espen and Midford,

Paul (eds.), “The Political Economy of Renewable Energy and Energy Security. Common Challenges and National Responses in Japan,
China and Northern Europe”, Palgrave Macmillan, 2014, p. 260.
99

Italian Institute for International Political Studies, accessed at: https://www.ispionline.it/img/energy/2015-01-12/2-implementation.png.

100 “The
101 A.C.

current electricity market design in Europe”, KU LEUVEN Energy Institute.

Reinier van der Veen, Rudi A. Hakvoort, “The electricity balancing market: Exploring the design challenge“ in Utilities Policy 43,

2016, accessed at https://www.sciencedirect.com/science/article/pii/S0957178716303125, p. 186.
102

Robert Werner, “Chancen und Grenzen von green PPA als Treiber der (deutschen) Energiewende, power-point presentation during the

Strommarkttreffen on 18 January 2019 in Berlin, accessed at: https://www.strommarkttreffen.org/2019-01_Werner_Chancen_und_Grenzen_von_PPA_als_Treiber_der_Energiewende.pdf.
103

“Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at: https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 2.
104 See

f.ex. Joachim Seel, Andrew Mills, Ryan Wiser, Sidart Deb, Aarthi Asokkumar, Mohammad Hassanzadeh, Amirsaman Aarabali

“Impacts of High Variable Renewable Energy Futures on Wholesale Electricity Prices, and on Electric-Sector Decision Making”, 2018,
accessed at: http://eta-publications.lbl.gov/sites/default/files/report_pdf_0.pdf.
105

“The rise of corporate PPAs. A new driver for renewables”, Baker MacKenzie, 2018, accessed at https://www.bakermckenzie.com/-/me-

dia/files/insight/publications/2015/12/the-rise-of-corporate-ppas/risecorporateppas.pdf?la=en, p. 6 and “Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development (WBCSD), accessed at:
https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 4.
106

54

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 18.

9 Bibliography

107

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 18.

108

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 18.

109

Emilliano Bellini, Marian Wlluhn, “Is Denmark ready for solar PPAs?”, PV Magazine, 2019, accessed at https://www.pv-maga-

zine.com/2019/05/21/is-denmark-ready-for-solar-ppas/. and “Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3,
2018, accessed at https://www.awordaboutwind.com/reports/finance-quarterly-europes-ppa-revolution/, p. 7.
110

“Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at: https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 4.
111

David Willemsen “Going green with innogy Renewables. Custome focused Corporate PPA solutions”, power-point presentation.

112 An

example of this is the RE100 collaborative – a global initiative of more than 100 influential businesses committed to 100 %

renewable electricity, and working to massively increase demand for, and delivery of, RE (Source: Nithin Rajavelu, “Your essential
cribsheet to the top 3 corporate PPA models”, 2018, accessed at https://www.linkedin.com/pulse/your-essential-cribsheet-top-3corporate-ppa-models-nithin-rajavelu/.
113 Andrew

Hedges, “Corporate renewable PPAs – a framework for the future?”, 2017, accessed at https://www.nortonroseful-

bright.com/en/knowledge/publications/3ea24a79/corporate-renewable-ppas---a-framework-for-the-future.
114 Andrew

Hedges, “Corporate renewable PPAs – a framework for the future?”, 2017, accessed at https://www.nortonroseful-

bright.com/en/knowledge/publications/3ea24a79/corporate-renewable-ppas---a-framework-for-the-future.
115

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 18.

116

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 18.

117

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 18.

118

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 2.

119

“Viel Traffic bei PPA bereits jetzt zu spüren”, Energie & Management, 13.06.2019, accessed at: https://www.energie-und-management.de/nachrichten/suche/detail/viel-traffic-bei-ppa-bereits-jetzt-zu-spueren-130858.
121

“Gesetz den Ausbau erneuerbarer Energien (Erneuerbare-Energien-Gesetz – EEG 2017)“, § 28 Ausschreibungsvolumen, accessed at:
http://www.gesetze-im-internet.de/eeg_2014/__28.html.
122 Kai Imolauer, “Corporate PPA – Direkter Stromverkauf: Ist das eine Option”?, 2018, accessed at https://www.roedl.de/themen/erneuerbare-energien/2018-02/corporate-ppa-direkter-stromverkauf-eine-option.
123

Kai Imolauer, “Corporate PPA – Direkter Stromverkauf: Ist das eine Option”?, 2018, accessed at https://www.roedl.de/themen/erneuer-

bare-energien/2018-02/corporate-ppa-direkter-stromverkauf-eine-option.
124

“Can PPAs take the Energiewende to the next level? – the market of renewable PPAs in Germany”, power-point presentation, Aurora

Energy Research, 12 June 2019, accessed at: https://www.auroraer.com/wp-content/uploads/2019/06/Aurora-Energy-Research-GermanPPA-market.pdf, p. 7.
125

Daniel Wetzel, "Der letzte Schrei in der Ökostromszene“, Die Welt online, 2018, accessed at https://www.welt.de/wirtschaft/ar-

ticle181515450/Erneuerbare-Energien-WPD-kauft-Windparks-nach-Ende-der-EEG-Foerderung.html.
126

Daniel Wetzel, “Der letzte Schrei in der Ökostromszene“, Die Welt online, 2018, accessed at https://www.welt.de/wirtschaft/ar-

ticle181515450/Erneuerbare-Energien-WPD-kauft-Windparks-nach-Ende-der-EEG-Foerderung.html.
127

Daniel Wetzel, “Der letzte Schrei in der Ökostromszene“, Die Welt online, 2018, accessed at https://www.welt.de/wirtschaft/ar-

ticle181515450/Erneuerbare-Energien-WPD-kauft-Windparks-nach-Ende-der-EEG-Foerderung.html.
128

“Warum sich PPAs für Windparks durchsetzen“, Erneuerbare Energien, accessed at https://www.erneuerbareenergien.de/archiv/warum-

sich-ppas-fuer-windparks-durchsetzen-150-434-108305.html.

dena-Report „How to use PPAs for cost-efficient extension of renewable energies - Experiences with Power Purchase Agreements from Europe and the U.S. /
Lessons learned for China“

55

9 Bibliography

129

“Warum sich PPAs für Windparks durchsetzen“, Erneuerbare Energien, accessed at https://www.erneuerbareenergien.de/archiv/warum-

sich-ppas-fuer-windparks-durchsetzen-150-434-108305.html.
130

Ralf Köpke, “Viel Traffic bei PPA bereits jetzt zu spüren“, PPA-Barometer, Energie & Management, 1 Juni 2019, p. 2.

131

Ralf Köpke, “Viel Traffic bei PPA bereits jetzt zu spüren“, PPA-Barometer, Energie & Management, 1 Juni 2019, p. 2.

132 The

following argument based on: “Bird & Bird & Corporate PPAs. An international perspective”, accessed at

https://www.twobirds.com/~/media/pdfs/international-corporate-ppas-report-2019-mastercopy18march2019.pdf?la=en&hash=CA773F767A5AE8282D604FF8107D31F3450E1F1B, p. 19.
133

Ralf Köpke, “Viel Traffic bei PPA bereits jetzt zu spüren“, PPA-Barometer, Energie & Management, 1 Juni 2019, p. 2.

134

Remi Gruszka, “Corporate green PPAs: Instrument zur Risikoabsicherung?“, power-point presentation during the Strommarkttreffen on

18 January 2019 in Berlin, p. 3.
135

“Power Purchase Agreements II: Marktanalyse, Bepreisung und Hedging Strategien”, Energy Brainpool, 2019, accessed at

https://www.energybrainpool.com/fileadmin/download/Whitepapers/2019-02-01_Energy-Brainpool_Power-Purchase-Agreements-II.pdf,
p. 5.
136

“Erste Windstrom-PPAs in Deutschland abgeschlossen“, Wind-turbine.com, 2018, accessed at https://wind-turbine.com/magazin/inno-

vationen-aktuelles/103648/erste-windstrom-ppas-in-deutschland-abgeschlossen.html.
137

Remi Gruszka, “Corporate green PPAs: Instrument zur Risikoabsicherung?“ power-point presentation during the Strommarkttreffen on

18 January 2019 in Berlin, p. 3.
138

„ENGIE baut Marktposition bei erneuerbaren Energien in Deutschland aus - bedeutende Vereinbarung zur Vermarktung von Offshore

Wind“, Engie Deutschland, accessed at https://www.engie-deutschland.de/de/media/pressemitteilungen/details/engie-bautmarktposition-bei-erneuerbaren-energien-deutschland-aus.
139

“Windpark für Leipziger BMW-Werk”, SonneWind&Wärme, accessed at http://www.sonnewindwaerme.de/windenergie/windpark-fuer-

leipziger-bmw-werk.
140 Sandra

Enkhardt, “Baywa realisiert ersten Solarpark ohne Förderung in Deutschland”, PV Magazine, 2019, accessed at https://www.pv-

magazine.de/2019/05/09/baywa-re-realisiert-ersten-solarpark-ohne-foerderung-in-deutschland/.
141

Michael Fuhs, “Baywa r.e.: Heute Spanien und morgen Deutschland“, PV Magazine, 2019, accessed at https://www.pv-maga-

zine.de/2018/12/31/baywa-r-e-heute-spanien-und-morgen-deutschland/.
142 Sandra

Enkhardt, “Germany’s Umweltbank offers standardized financing for solar PPAs”, PV Magazine, 2019, accessed at

https://www.pv-magazine.com/2019/05/13/germanys-umweltbank-offers-standardized-financing-for-solar-ppas/.
143 Tabitha Kennedy,

“Why corporate PPAs have put Sweden close to its 2030 renewables target”, 2018, accessed at http://member-

ship.awordaboutwind.com/blog/why-corporate-ppas-have-put-sweden-close-to-its-2030-renewables-target.
144

“The Electricty Certificate System”, Swedish Energy Agency, accessed at: http://www.energimyndigheten.se/en/sustainability/the-

electricity-certificate-system/.
145 Tabitha Kennedy,

“Why corporate PPAs have put Sweden close to its 2030 renewables target”, 2018, accessed at http://member-

ship.awordaboutwind.com/blog/why-corporate-ppas-have-put-sweden-close-to-its-2030-renewables-target.
146

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.

56

9 Bibliography

147

“Bird & Bird & Corporate PPAs. An international perspective”, accessed at https://www.twobirds.com/~/media/pdfs/international-cor-

porate-ppas-report-2019-master-copy18march2019.pdf?la=en&hash=CA773F767A5AE8282D604FF8107D31F3450E1F1B, p. 13 and “Renewable electricity with green certificates”, Ministry of Sustainable Development of Sweden, May 2006, accessed at https://www.government.se/49b73b/contentassets/41902ab952bd49d887367ea10c0eefce/renewable-electricity-with-green-certificates.
148

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.
149 Alexandra

von Bernstorff, managing partner at Luxcara in: “Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3,

2018, accessed at https://www.awordaboutwind.com/reports/finance-quarterly-europes-ppa-revolution/, p. 7.
150

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.
151

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.
152

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.
153

“Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 27.
154 Google

was followed by Facebook in May 2018 with a PPA in Norway for all of the energy produced by three wind farms that German

investor Luxcara is developing there. The whole capacity of those farms should amount to 294 MW. They form the Bjerkreim cluster and
are due to complete in 2019 (Source: “Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at
https://www.awordaboutwind.com/reports/finance-quarterly-europes-ppa-revolution/, p. 6).
155

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.
156

“Why is Scandinavia leading Europe on wind PPAs?”, Finance Quarterly Q3, 2018, accessed at https://www.awordaboutwind.com/re-

ports/finance-quarterly-europes-ppa-revolution/, p. 7.
157

“Corporate PPA. Branchenstudie April 2018. Going Green”, HSH Nordbank, April 2018, p. 15.

158

“Price and Offer Caps in Other Jurisdictions”. AESO, 2017, accessed at https://www.aeso.ca/assets/Uploads/3-Price-and-Offer-Cap-and-

Floor-in-Other-Jurisdictions-2017-11-08.pdf.
159

Herman K. Trabish, “As corporate renewable buying surges, innovative PPAs pressure utilities to improve green tariffs”, 2019, accessed

at https://www.utilitydive.com/news/as-corporate-renewable-buying-surges-new-deals-pressure-utilities-to-impro/547485/
160 Jenny

Heeter and Eric O’Shaughnessy. NREL, 2016,accessed at https://www.nrel.gov/docs/gen/fy16/65567.pdf.

161 Jeff S.John,

“PG&E’s Bankruptcy Judge Leaves Door Open to Shedding Renewables Contracts”, Greentech Media, 2019, accessed at

https://www.greentechmedia.com/articles/read/pge-bankruptcy-judge-leaves-door-open-to-severing-renewable-energy-contract#gs.lemtn9.
162 Clare

Magee, “Is the Long-Term PPA Becoming Outdated for Corporate Renewables Procurement?”, Greentech Media, 2016, accessed

at https://www.greentechmedia.com/articles/read/corporate-renewables-procurement-must-evolve-beyond-the-long-termppa#gs.2clqmb.
163 Sarah

Penndorf, “Renewable energy power purchase agreements”, 3Degrees, 2018, accessed at https://3degreesinc.com/latest/ppas-

power-purchase-agreements/.

dena-Report „How to use PPAs for cost-efficient extension of renewable energies - Experiences with Power Purchase Agreements from Europe and the U.S. /
Lessons learned for China“

57

9 Bibliography

164

“Notice Establishing a Mandatory Renewable Electricity Consumption Mechanism”, NDRC, 2019, accessed at

http://www.ndrc.gov.cn/zcfb/zcfbtz/201905/t20190515_936170.html.
165

“Energy Transition Trends 2019. China, Europe, USA”, NDRC, PRC, CNREC, 2019, accessed at https://www.dena.de/filead-

min/dena/Dokumente/Themen_und_Projekte/Internationales/China/CREO/Energy_transition_trends_2019_engl.pdf, p. 6.
166

“China to launch renewable power quota system by year-end”, Reuters, 2018, accessed at https://www.reuters.com/article/us-china-

renewables/china-to-launch-renewable-power-quota-system-by-year-end-idUSKBN1O30UM.
167

National Energy Administration, “2018 China Wind Statistics”, 2019, accessed at http://www.nea.gov.cn/2019-01/28/c_137780779.htm ;

National Energy Administration, “2018 China Solar Statistics”, 2019, http://www.nea.gov.cn/2019-03/19/c_137907428.htm.
168

National Energy Administration, “2018 China Wind Statistics”, 2019, accessed at http://www.nea.gov.cn/2019-01/28/c_137780779.htm ;

National Energy Administration, “2018 China Solar Statistics”, 2019, http://www.nea.gov.cn/2019-03/19/c_137907428.htm.
169

Dezhao Yu, Huadong Qiu, Xiang Yuan, Yuan li, Changzheng Shao, You Lin, Yi Ding ,“Roadmap of retail electricity market reform in China:

assisting in mitigating wind energy curtailment”, 2017, accessed at https://iopscience.iop.org/article/10.1088/1742-6596/52/1/012031/pdf,
p. 2.
170

National China Energy Regulatory Bureau of National Energy Administration, “2017 Northwest China Renewable Integration Report”,

2019, accessed at http://xbj.nea.gov.cn/website/Aastatic/news-197610.html.
171

“Renewable Energy Integration and Consumption Plan 2018-2020”, NDRC, 2018, accessed at

http://www.ndrc.gov.cn/zcfb/gfxwj/201812/W020181204575699521824.pdf.
172

Cook, Orrin; Weston, Frederick, “Voluntary Renewable Energy Markets in China: Key Conditions for Unlocking Demand“,2018, accessed

at https://www.raponline.org/blog/voluntary-renewable-energy-markets-in-china-key-conditions-for-unlocking-demand/.
173

“China will förderfreie Photovoltaik-Projekte entfesseln“, PV Magazine, 2019, accessed at https://www.pv-maga-

zine.de/2019/01/10/china-will-foerderfreie-photovoltaik-projekte-entfesseln/.
174 The

following information based on: “Notice on actively promoting the work related to wind power and photovoltaic power generation

grid parity without subsidized”(in Chinese), NDRC, 2019, accessed at http://www.ndrc.gov.cn/zcfb/zcfbtz/201901/t20190109_925398.html
and Petra Hannen, “AECEA: China will förderfreien Photovoltaik-Projekten Vorrang einräumen”, PV Magazine, 2019, accessed at
https://www.pv-magazine.de/2019/04/11/aecea-china-will-foerderfreien-photovoltaik-projekten-vorrang-einraeumen/, if not other stated.
175

“China will förderfreie Photovoltaik-Projekte entfesseln“, PV Magazine, 201, accessed at https://www.pv-maga-

zine.de/2019/01/10/china-will-foerderfreie-photovoltaik-projekte-entfesseln/.
176

Petra Hannen, “AECEA: China will förderfreien Photovoltaik-Projekten Vorrang einräumen”, PV Mgazine, 2019, accessed at

https://www.pv-magazine.de/2019/04/11/aecea-china-will-foerderfreien-photovoltaik-projekten-vorrang-einraeumen/.
177

„Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 26 and Yu, Dezhao; Qiu, Huadong; Yuan, Xiang;
Li, Yuan; Shao, Changzheng; Lin, You; Ding, Yi, “Roadmap of retail electricity market reform in China: assisting in mitigating wind energy
curtailment”, 2017, accessed at https://iopscience.iop.org/article/10.1088/1742-6596/52/1/012031/pdf, pppp. 3-4.
178

“State of the market 2017: Corporate Renewable Procurement in China”, Rocky Mountain Institute Initiative, 2017, accessed at

https://rmi.org/report-release-state-market-2017-corporate-renewable-procurement-china/, p. 17 and Pollitt, Michael, G.; Yang, ChungHan; Chen, Hao (2017), “Reforming the Chinese Electricity Supply Sector: Lessons from International Experience”, EPRG Working Paper,
Cambridge Working Paper in Economics, University of Cambridge, Energy Policy Research Group, pp. 4-5.
179

“State of the market 2017: Corporate Renewable Procurement in China”, Rocky Mountain Institute Initiative, 2017, accessed at

https://rmi.org/report-release-state-market-2017-corporate-renewable-procurement-china/, p. 17.

58

9 Bibliography

180

“State of the market 2017: Corporate Renewable Procurement in China”, Rocky Mountain Institute Initiative, 2017, accessed at

https://rmi.org/report-release-state-market-2017-corporate-renewable-procurement-china/, p. 17.
181

“Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 26.
182

“State of the market 2017: Corporate Renewable Procurement in China”, Rocky Mountain Institute Initiative, 2017, accessed at

https://rmi.org/report-release-state-market-2017-corporate-renewable-procurement-china/, p. 17.
183

“Measures for the Administration of the Guaranteed Buyout of Electricity Generated by Renewable Energy Resources”, NDRC and NEA,

2016, accessed at http://www.nea.gov.cn/135230445_14591534425931n.pdf.
184

“Measures for the Administration of the Guaranteed Buyout of Electricity Generated by Renewable Energy Resources”, NDRC and NEA,

2016, accessed at http://www.nea.gov.cn/135230445_14591534425931n.pdf.
185

Petra Hannen, “AECEA: China will förderfreien Photovoltaik-Projekten Vorrang einräumen”, PV Magazine, 2019, accessed at

https://www.pv-magazine.de/2019/04/11/aecea-china-will-foerderfreien-photovoltaik-projekten-vorrang-einraeumen/.
186 Comp.:

“Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 26.
187Orrin

Cook, Frederick Weston, “Voluntary Renewable Energy Markets in China: Key Conditions for Unlocking Demand“, 2018, accessed

at https://www.raponline.org/blog/voluntary-renewable-energy-markets-in-china-key-conditions-for-unlocking-demand/.
188 Anders

Hove, Daniel Wetzel, “China is planning provincial quotas for clean energy”, 2018, accessed at https://www.chinadi-

alogue.net/blog/10574-China-is-planning-provincial-quotas-for-clean-energy-/en.
189

Orrin Cook, Frederick Weston, “Voluntary Renewable Energy Markets in China: Key Conditions for Unlocking Demand“, 2018, accessed

at https://www.raponline.org/blog/voluntary-renewable-energy-markets-in-china-key-conditions-for-unlocking-demand/.
190

„Corporate Renewable Power Purchase Agreements. Scalling up globally”, World Business Council for Sustainable Development

(WBCSD), accessed at https://docs.wbcsd.org/2016/10/Scaling_up_globally_Print.pdf, p. 26.
191

“Energy Transition Trends 2019. China, Europe, USA”, NDRCP, PRC, CNREC, 2019, accessed at https://www.dena.de/filead-

min/dena/Dokumente/Themen_und_Projekte/Internationales/China/CREO/Energy_transition_trends_2019_engl.pdf, p. 7.
192

Orrin Cook, Frederick Weston, “Voluntary Renewable Energy Markets in China: Key Conditions for Unlocking Demand“, 2018, accessed

at https://www.raponline.org/blog/voluntary-renewable-energy-markets-in-china-key-conditions-for-unlocking-demand/.
193 Orrin Cook,

Frederick Weston, “Voluntary Renewable Energy Markets in China: Key Conditions for Unlocking Demand“, 2018, accessed

at https://www.raponline.org/blog/voluntary-renewable-energy-markets-in-china-key-conditions-for-unlocking-demand/.
194 Orrin Cook,

Frederick Weston, “Voluntary Renewable Energy Markets in China: Key Conditions for Unlocking Demand“, 2018, accessed

at https://www.raponline.org/blog/voluntary-renewable-energy-markets-in-china-key-conditions-for-unlocking-demand/.

dena-Report „How to use PPAs for cost-efficient extension of renewable energies - Experiences with Power Purchase Agreements from Europe and the U.S. /
Lessons learned for China“

59

