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Abstract - For corporate and industries the reducing of its environmental footprint is becoming more and more important, in order 
to improve the ‘green and social brand’ of their products and services. Many instruments may be used to this purpose but in recent 
years Corporate Power Purchase Agreement (CPPA) is the form of contract that is used more and more frequently. CPPA is a contract 
between an energy producer, from renewable sources and an end-user. Using CPPAs, the ‘green brand’ for a corporation and its product 
and services could be achieved. The main concern is related to the costs: still today, renewables are more expensive with respect to fossil 
fuels, therefore this results in higher prices for products and services, so a fair trade off between CPPA price and the gain of ‘green 
brand’ has to be determined. In this paper, the authors propose a method based on an opportune Levelized cost of energy formula able 
to support a stakeholder to define CPPA price and contractual length. A case study with significant results for a PV plant in the Italian 
real life application is provided. From the performed simulations emerges realistic ranges CPPA’s contractual length and price 
convenient for involved stakeholder. In particular the length should be  not less than 7 years and not more than 10 years while the price 
should be in the range between 75 €/MWh and 100 €/MWh. 
 

Index Terms - Power Purchase Agreements, renewable energies, Levelized Cost of Energy, Life-Cycle Cost, contractual length, 
contractual price, corporate buyer, electricity market, new energy market models. 

I. NOMENCLATURE 
BEP Break-even point 
BMCPPA Behind Meter Corporate Power Purchase Agreement 
BSP Balancing Service Provider 
CAPEX Capital expenditure 
C&I  Corporate & Industrial users 
CCT Congestion Network Charges 
CFD Contract For Difference 
COE Cost of energy 
DSO Distribution System Operator 
EMO Electricity Market Operator  
FPPA PPA facilitator 
LCOE Levelized Cost of Electricity 
NREL National Renewable Energy Laboratory 
PPA Power Purchase Agreement 
PV Photovoltaic 
RPS Renewable Portfolio Standards 
SAM System Advisor Model 
SCPPA Sleeved Corporate Power Purchase Agreement 
TCA Tax & Customs agency 
TLCC  Total Life-Cycle Cost 
TSO Transmission System Operator 
VCPPA Virtual Corporate Power Purchase Agreement 

II. INTRODUCTION 

New environmental policies for corporate and industrial users (C&I), increase the interest in using renewable energy for their 
needs in order to improve their green footprint. It is worth underlining that renewables have high initial investment costs which are 
determined by the power plant technology used, and the electricity market remains the subject of intense debates due to the 
electricity prices variability and political uncertainty around renewable energy targets and the convergence of these problems due 
to costs, technology, and type of user. Also, this results in the business sector sourcing electricity demand through special contracts 
with ‘green’ generation facilities [1].  
These contracts, named Power Purchase Agreements (PPAs), which are performance-based contracts that aim to create a “fair” 
and risk-controlled agreement for the purchase and sale of energy between an energy consumer (Buyer) and a Producer (Seller). 
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Recently in [2], a comparison from investors’ perspective between feed in tariff, PPA and Renewable portfolio standard is 
performed, outlining the major benefit PPA in a grid parity framework, while in [3] PPAs are useful to mitigate the risk. 
PPAs are quite new financial instruments so there is no theoretical statement in the literature to the knowledge of the authors and 
only some specific contractual statements in different countries are presented. 

Moreover, PPAs are a suitable instrument to reduce risk for developers and financing parties and therefore can significantly help 
to increase the growth of renewables [4]. 
PPA is interesting way for the creation of renewable power plants that have a very high initial investment cost (Capex), like wind 
and solar photovoltaic (PV) power plants. Capex affects up to 90% on the total project value, while generally the operation and 
maintenance costs are very low. 

PPAs have several parameters to define including the contractual length, practicable price, minimum and maximum energy 
deliveries, penalties and defaults, insurance, and many others variables. Optimizing these parameters will become ever more 
important as corporations look to determine whether it is economically profitable to enter into a PPA. At the same time, PPAs can 
have different structures such as fixed-price, fixed-indexed, or customized structures. 
PPA contracts are also based on knowing Levelized Cost of Energy denoted with LCOE [5]. The LCOE determines the choice of 
the contract price that affects the payback time and the project profitability. An accurate LCOE evaluation is necessary to support 
investments in new power plants based on renewable energy sources.  
While the LCOE represents the break-even cost to generate the energy, represented by the kWh cost and it generally is the 
calculation of the Total Life-Cycle Cost (TLCC) for each kWh unit of energy produced during the lifetime of a project, the COE 
is the cost to buy energy. According to this definition COE could be equal to LCOE (to balance generation costs) but often can be 
greater than LCOE to obtain a reasonable profit. However, for a project to be financially feasible, the nominal PPA price must be 
higher than the LCOE [6].  
Since there is a link, the same parameters that affect the LCOE will affect the PPA price. Owing to the high volumes of energy 
involved but also to an immediate positive effect in the case of matching between generated energy and requested loads, one 
emerging market is the renewable energy corporate PPA market, where C&I buyers purchase energy from a renewable power 
plant according to a Corporate Power Purchase Agreement (CPPA). 
 

A. Corporate Power Purchase Agreement 
The CPPA is a contract between a Buyer and a Seller that can be a Developer, an independent Power Producer or an Investor.  

A Corporate Power Purchase Agreement (PPA) is a long-term contract under which a business agrees to purchase electricity 
directly from an energy generator. This differs from the traditional approach of simply buying electricity from licensed electricity 
suppliers, often known as utility PPAs [7].  
The Buyer purchases renewable electricity at a pre-established price for a pre-agreed period of time.  The agreement contains the 
commercial terms of the electricity sale: contractual length, point of delivery, delivery date/times, volume and price.  

The electricity sold under a CPPA can be generated from existing renewable energy power plant/s as well as by a new power 
plant indicated to achieve as project. In the latter case, given the requirements to finance the project, the CPPA has stricter 
requirements - for example, a duration that covers at least the debt term of the project finance.  

CPPAs use LCOE models to determine a fair price of energy similar to a standard retail energy contract. The importance of 
including all cost components in LCOE determination as well as that of understanding the effects of CPPA parameters and 
structures is becoming even more imperative as the CPPA market expands. The type of structure will influence the value of CPPAs. 

CPPAs can be structured in several ways: the choice of most appropriate structure will require understanding of the corporate 
primary drivers, an analysis of the load profile and an evaluation of any other relevant considerations applicable to the corporate 
buyer. Proper financial analysis of the available alternatives, together with a risk identification, allocation and mitigation analysis 
is essential. 

In this paper, attention is focused on challenges and solutions for CPPA concerning new projects development of particular 
photovoltaic plants but the results can be also applicable to wind projects [8]. 
 

B. State of the art 
Nowadays, the majority of renewable energy PPAs are powered by wind farms that have extremely increased between 2012 and 

2018, for example EMEA (European, Middle East and African) PPA market PPAs powered by wind exceed 80 % of the annual 
contracted capacity. In the last few years an important increase of solar PV plant developed under corporate PPAs has been 
observed and considering the EMEA PPA market annual volume data for the years from 2008 to 2018 is very likely that a further 
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growth is expected [9]. As shown in Fig.1 market data illustrate how global CPPAs have reached 35GW of installed power in 2018 
and how top global companies are starting to procure energy by mean of PPAs (e.g. Amazon, Google, Microsoft, Walmart etc.). 
Companies that, first, started to focus on CPPAs to get as close as possible to the goal, have already achieved, in some cases, use 
of 100% green electricity. 

CPPAs are commonly used in Europe [10]. In Germany thanks to government lenders, wind projects with PPAs totalled over 
1.2 GW in capacity in 2013 [11]. Between 2008 and 2016, 650 MW of new capacity was signed in the U.S. and in 2015 the use of 
PPAs in the U.S. grew up to 1.6 GW [12]. Berkeley National Laboratory produced a dataset with a total of 34,558 MW of capacity 
in 387 signed or planned PPAs in the U.S. for 2016 – 2017 [13].  
CPPAs differ by market, for instance, in California corporate buyers are not able to enter into PPAs for direct retail sale of power 
over the grid but rather can make use of virtual CPPAs (VCPPA) operated by the California Independent System Operator. In 
Texas, corporate buyers can acquire physical energy using “sleeved” transactions involving sales and purchases through third party 
retail electric providers [14]. The characteristic of this kind of contract are still under discussion and innovative solutions are 
suggested [15].  Within U.S. the PPAs have gained more interest where government laws as Renewable Portfolio Standards (RPS) 
mandate the level of renewable energy that a State is required to consume. Utilities must then purchase renewable energy at the 
levels required by the RPS. Because renewable energy is typically more expensive than gas or coal, utilities will utilize a maximum 
energy purchase limit, so they do not have to purchase more of the expensive renewable energy than required.  

In other parts of the world, minimum energy purchase limits may be preferred to maximum limits due to energy policies, for 
example, in some Latin American countries where the Government policies shape the preferences by using energy purchase 
limitation in PPAs. Even within Europe regions new regulations about mandatory minimum quantity of renewable energy are 
emerging. Since each country has different energy or environmental policies, energy purchase limitation preferences vary. Unlike 
the U.S. or Europe, in Latin America the national governments typically award PPAs to energy generators. In 2014, the government 
of Peru awarded PPAs to projects with a total of 232 MW of capacity [8]. In Italy there was an increasing interest and recent 
regulation has placed PPA as an instrument to reach renewable 2030 targets [16]. The basic concept of a PPA however, does not 
change between countries.  

 

C. Contribution of the paper 
As CPPA is a quite new financial instrument and, to the knowledge of the authors, no general framework is present in the 

literature, and for this reason, this paper gives a comprehensive framework of the different CPPAs used in different countries 
sharing differences and peculiarities. Then a business model will be formulated to facilitate CPPA application. This results in a 
new LCOE formula, more complex with respect to the others presented in the literature, based on a PPA framework. This new 
formulation is helpful to evaluate the optimal CPPA price and contractual length. This may be very useful to establish contract 
form between different stakeholders in different renewable technologies, fuel cells [17]. The authors show, through some numerical 
applications for a solar photovoltaic plant of 20MW, LCOE sensitivity results that help to tune the CPPA price in order to take 
into account the several intrinsic uncertainties in the CPPA contracts. So, it represents a useful methodologies to support investors 
in renewable energy. 
 

D. Structure of the paper 
In the paper, firstly, the main differences between CPPA structures, recognized in the literature, have been outlined; then a 

proposed LCOE formula is described and finally a numerical application related to a CPPA for a 20MW PV power plant will be 
reported. Some sensitivity results help to tune the CPPA price in order to take into account the several intrinsic uncertainties 
characterizing CPPAs. 
 

III. EXISTING CPPA STRUCTURES 

At a general level, a PPA for corporate and industrial users has a framework structure as depicted in Fig.2 where produced 
energy is exchanged to satisfy the energy needs of several corporate customers. Energy exchange is usually performed by mean of 
the national electrical grid.  

A CPPA based on a new project is typically structured as long term agreement, usually as 10 years contract or more according 
to renewable power plant technology; otherwise it may not see a return on the capital costs and may not satisfy the requirements 
of lenders. The CPPA contractual length varies among sectors and jurisdictions. The pricing structure can be based on either a 
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fixed price or a discount pegged to the wholesale market (spot market) price with a fixed floor, with many variations on both of 
these structures. Corporate buyers with lower energy demand and less experience of entering into CPPAs may want to join forces 
with other buyers through multiple buyer structures. Some approaches involve multiple CPPAs for a single project, where each 
CPPA is with a different buyer. Other approaches involve the development of a buying group, which will enter into a single CPPA 
for the benefit of all participating buyers. These risk-sharing solutions are increasingly attractive options for some corporate buyers. 
Potential termination rights and different accounting treatments are also leading corporate buyers towards using multiple buyer 
structures.  

Considering the above general description of a CPPA the relation between Seller and Buyer is a WIN-WIN business relationship 
since it entails advantages for both involved parties where each partners create an environment that encourages continuous 
improvement, risk taking, a long-term perspective. In particular main advantages are: 
 

 for Sellers: 
• Risk mitigation, diversification of revenue streams and risk management on the energy off-take; 
• Bankability, predictable and long-term income streams unlock finance and ease bankability with financial institutions;  
• Business development, additional demand creation and development of standard terms and conditions (through establishing 
partnerships). 
 

 for Buyers: 
• Economics, long-term cost affordability and improved price visibility;  
• Sustainability, reductions in carbon emissions and progress towards renewables targets;  
• Brand and leadership, recognition for renewable electricity achievements and climate leadership.  
 

In addition, the main concerns for corporate buyers entering into a CPPA are mainly related to forecast wholesale price 
uncertainty, counterparty risk, change in law/regulations, power consumption and merchant risk [18].  

Corporates are concerned about wholesale power prices since they want to avoid unexpected costs but at the same time there 
is also the possibility that price may decline below the agreed CPPA price (strike price) for a sustained period of time.  
Indeed, despite the technology cost and projects capex decrease, the CPPAs are generally long-term contracts so might be 
influenced by the market energy price uncertainty due to several factors such as the spread rate, fossil fuel costs, faults of essential 
power plants, weather conditions and so on [19]. For this reason, CPPAs should be thought of mainly as a hedge against rising 
prices and uncertainty, in the same way that corporations hedge interest rate risk. 
 

The counterparty risk is flagged by the corporate buyers indicating the probability that an energy Seller may become insolvent 
and not be able to meet its obligations under the contract. It is worth noting that this risk may justify the presence of institutional 
operators or public regulators in the CPPA negotiations.  

Corporate buyers and Sellers may be worried also about current energy policies and any possible change in the law or 
regulation, which may adversely affect a long-term agreement. It is increasingly common though, for some change in the law, and 
risks sharing between the Buyer and the Seller.  

Some corporate buyers are concerned about the power consumption risk since the generation of the renewable power plants 
could not match the requested load in certain hours.  Not all corporate buyers require loads with a flat demand profile. In this case, 
the corporate buyer may be subjected to merchant risk if the CPPA establishes the energy supply deficit must be purchased by 
the corporate buyer on the electricity market. This is a fundamental risk to be considered when entering into a CPPA and to this 
purpose the corporate buyers have to determine their energy procurement strategy with an understanding of their overall usage and 
load profile and how this may change over time [11]. 
 

There are many different types of CPPA structures. The right structure of a CPPA will be determined by the regulatory design 
of the relevant electricity market, the corporate buyer strategy and the capability of the corporate buyer. Starting from the general 
CPPA framework structure, evaluation of real cases leads to three possible different CPPA structures. One for on-site renewable 
power plants is the ‘Behind the Meter CPPA’ structure.  
For off-site renewable power plants the CPPAs are typically structured as long-term ‘Sleeved CPPA’ (SCPPAs) and ‘Virtual CPPA’ 
(VCPPAs) [20]. 
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A. Behind Meter CPPA (BMCPPA) 
The BMCPPA is so called because, as shown in Fig.3 the renewable power plant is physically connected to the consumer ‘behind 

the meter’. Examples include large rooftop or on-site solar or wind installations. This solution involves a direct contract between 
the Seller and the Buyer. The Seller may or may not be permitted (according to the regulatory framework) to sell any energy 
surplus with respect to the Buyer’s load requirements to the network operator or to other buyers. Since the Buyer’s load profile is 
unlikely to match exactly the production profile of the Seller, unless a storage solution is involved, this configuration does not 
generally allow the Buyer an off-grid configuration and bypasses the use of a retailer.  For this reason, the Buyer still needs to pay 
connection charges, which form a large and rising component of the energy costs.  
 

B. Sleeved Corporate PPA (SCPPA) 
 The SCPPA involves a connection to the grid but in this case, with respect to the BMCPPA, the power plant connection is off-
site. The Seller sells all the generated power to the corporate buyer using a first contract (CPPA1). The corporate buyer immediately 
resells that power to a licensed supplier under a second contract (CPPA2). The licensed supplier then "sleeves" the power through 
the grid and sells power to the corporate buyer at its site. As depicted in Fig.4 the Seller sells power directly to the Buyer and the 
licensed supplier then sleeves the power from the grid and supplies it to the Buyer’s site.  
 The power flows from the power plant to the corporate buyer’s site having been ‘sleeved’ over the grid by the licensed supplier 
who performs a balancing service under the CPPA2 (since renewable energy is intermittent) by topping up the renewable electricity 
with extra if needed (for example when the generator is not producing). The corporate buyer then repurchases the power at the 
CPPA2 price plus the network charges and fee (sleeving fee). In this case, the presence of the licensed supplier allows the corporate 
buyer to use the energy from a remote power plant exploiting an energy balancing service (BSP). A licensed supplier is necessary 
to manage billing, the energy mismatch of renewable generation (if necessary) and demand through market trading and ancillary 
services or simply because some regulatory frameworks require a retailer to put electricity into the grid. Producers may not have a 
retail licence and do not undertake many of these roles, thus requiring a licensed supplier or another entity to act as an intermediary. 
 

C. Virtual Corporate PPA (VCPPA) 
 The VCPPA can be considered as a financial version of the SCPPA. A virtual approach replaces the physical CPPA model with 
a financial structure that creates a similar economic effect to a physical CPPA for both parties, avoiding the sleeving fees. The 
VCPPA structure is visible in Fig.5.  
There are several variations on the VCPPA, according to the merchant risk appetite of each involved party. Under the VCPPAs 
signed to date, between major Supplier and Producers, have offered a fixed price for a certain term, accepting merchant risk during 
that term. The Seller "virtually" sells the energy that it produces to a corporate buyer for a fixed price. 
The Seller sells energy to a licensed supplier under a standard power purchase agreement at a market price. The licensed supplier 
continues to sell energy to the corporate buyer under a standard electricity supply agreement at a market price.  
 At the same time as these conventional contracts the Seller and the corporate buyer sign a VCPPA contract for difference (CFD) 
in which they agree a fixed "strike" price for the renewable energy produced by the power plant.  
In this way both Seller and corporate buyer are covered by the risk of market price fluctuations. Indeed, if the CFD, that is, the 
difference between the strike price and the market price, is positive the corporate buyer is committed to pay the difference to the 
Seller. Otherwise if it is negative the Seller is committed to paying the difference to the corporate buyer.  
 

IV. THE PROPOSED LCOE FORMULA FOR A VCPPA 

A. Brief review of LCOE models for CPPA in the literature 
As mentioned, usually PPAs use an LCOE model to determine the fair price of energy like a standard retail energy contract. There 
are several parameters involved in a typical PPA including contractual length, price, delivery of energy (minimum/maximum), 
renewable energy credits, milestones and defaults, curtailment, interconnection and grid, liability & insurance, metering, credit, 
billing, decommissioning, taxes and so on (LCOE terms). In particular, the PPA price is the most important in determining whether 
the contract will be profitable for the seller, so it is necessary to consider how various LCOE terms may affect the price and so the 
payback period for a project. The LCOE is a useful metric to measure how feasible a power generation technology is for commercial 
implementation and indicates its competitiveness compared to other technologies [21]. For intermittent renewable sources, due to 
both generation variability and market price variability, LCOE becomes a stochastic variable. In [22] LCOE is estimated using 
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Monte Carlo simulation [22], as Monte Carlo approach is only slightly more complex than using point values, but provides more 
realistic information about risk and uncertainty and enables more useful analysis of potential investments in electricity generation. 
While in [23] traditional life-cycle cost calculation should is by a Co-Variation coefficient; It captures any synergies, or 
complementarities, between the time-varying patterns of electricity generation and pricing. The basic definition of the LCOE is 
represented by Equation (1).  
 

LCOE = Total Lifetime Cost
Total  Lifetime Energy Production

                  (1)  
 
 

Although LCOE is a well-developed and standard technique in energy sector economics, several authors approach model 
construction in different ways to ensure the model matches research tasks and data availability according to the type of analysis.  
Several authors have reported several LCOEs models. There is great variability not only in the values but also in what the LCOEs 
include or do not include. For instance, the National Renewable Energy Laboratory (NREL) and others have developed and used 
several LCOE models. NREL uses SAM (System Advisor Model) to compute the LCOE using wind farm data for PPAs. Equation 
(2) is the LCOE formula used in SAM where CPEi is the cost of producing energy and Ei is the quantity of energy generated in 
the year i [24] . The difficulty in the analysis is what the CPEi has to consider. 

LCOE =
∑ CPEi

(1+r)i
n
i=0

∑ Ei
(1+r)i

n
i=0

            (2) 

 
The LCOE equation can vary to accommodate necessary changes adopting a more detailed structure as represented in Equation 

(3) respect the general version represented in Equation (2) [25]. 
 

LCOE =
∑ I0+Mi+Fi

(1+r)i
n
i=1

∑ Ei
(1+r)i

n
i=1

                    (3)     

   
These LCOE models consider all the capital costs and annual operational costs that are expected to be incurred in a project but 

do not include the effects of the energy delivery limits and their penalty costs imposed by the contract as well as market operators. 
The PPA contract limits, create penalties when the Seller does not fall within the energy delivery requirements affecting the actual 
LCOE. PPAs are used to share and reduce the risks of additional costs, however, in some cases the costs are not accounted for 
within LCOE models. The PPA contractual length is important because it creates costs that affect the actual LCOE.  If the LCOE 
does not reflect the break-even cost, the Seller risks the project's failure and the Buyer risks a loss in profit from not providing 
enough energy to its use or its end-use consumers. A very accurate LCOE evaluation through a more appropriate formula could 
prevent the failure in financing a project and benefit the Seller, the Buyer and involved parties. 
Some LCOE models [8] consider a more detailed break-down of parameters that explicitly includes the costs of fuel (F), production 
tax credit (PTC), depreciation (D), tax levy (T), and royalties (R) such as the represented in Equation (4). 
 
 
 

LCOE =
∑ I0+OM𝑖𝑖+F𝑖𝑖−PTCi− D𝑖𝑖− T𝑖𝑖+ Ri

(1+r)i
n
i=1

∑ Ei
(1+r)i

n
i=1

         (4) 

 
 
 

PPAs typically consider tax credits as a part of LCOE as seen explicitly in Equation (4). In the case of renewable energy 
technologies, tax credits reduce the LCOE by creating another source of revenue, thus allowing them to compete in the market 
against other energy sources such as conventional ones (gas, coal and oil). The extra revenue generated by tax credits is included 
in the LCOE equation and is then incorporated into the PPA price determination. However, it is necessary to consider that tax 
credits are a temporary situation that might not be present in future or in some countries, thus should not be taken into account. 
 

I0 = Investment expenditures in year 0 (including financing)  
defining year 0 as the year before the plant start-up year 
OMi = Operations and maintenance expenditures in year i 
Fi = Fuel costs in year i 
PTCi = Production tax credit in year i 
Di = Depreciation in year i 
Ti  = Tax levy in year i  
Ri = Royalties in year i 
Ei = Energy generation in year i  
r   = Discount rate  

        
 

CPEi   = Cost to produce energy in year i 
Ei  = Energy generation in year i 
r    = Discount rate  
n    = End-of-life of the power plant 

 

I0 = Investment expenditures in year 0 (including financing) 
defining year 0 as the year before the plant start-up year. 
M𝑖𝑖 = Operations and maintenance expenditures in year i  
F𝑖𝑖  = Fuel expenditures in year i  
Ei  = Energy generation in year i  
r    = Discount rate  
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B.  CPPA Business Model related to the proposed LCOE formula 
Recent literature has identified several costs that occur during the life of a renewable power plant project but are not represented 

in the above-illustrated standard LCOE models. In real CPPAs implementation, these costs regard mainly energy management, 
production uncertainty and the power mismatching between corporate buyer and Seller profiles of consumption and production 
respectively and operators’ guarantees. There are several factors affecting CPPA resulting from geographical position between 
generation-consumption centres, site conditions or external factors that prevent on-site construction. Usually, the choice is the 
VCPPA structure as represented in III.C. This VCPPA structure will require special attention due to a greater number of contractual 
relations that implies the presence of a facilitator (PPA facilitator denoted with FPPA). This entity will act as a third part and it 
has a link function between the Seller, the corporate Buyer and all the involved market operators. FPPA takes the operational 
responsibility for the activities to be carried out, in particular the management of relations with market operators such as the 
national EMO (Electricity Market Operator), TSO (Transmission System Operator), DSO (Distribution System Operator) and the 
TCA (Fiscal operator, Tax and Customs agency).  The above-described overview can be represented in Fig.6. 
 
The application of a VCPPA configuration as described above implies a series of contractual relationships and costs, as shown in 
Fig.7 . The emerging costs due to contractual relationship are illustrated in the following. 
 
1) Market operators’ guarantees – Gs 

FPPA in order to operate in the electricity market has to present adequate financial guarantees towards the main electricity 
system operators, such as the TSO, DSO, EMO and TCA. The FPPA can act as a balancing responsible party (BRP) for the Seller 
and the corporate Buyer towards the TSO. In this role, it must provide a guarantee; the cost to deliver this guarantee is denoted 
with GT. 

The FPPA is also an intermediary entity for corporate Buyer towards the DSO, therefore accountable for the energy transport 
charges and grid charges due to the DSO by the corporate Buyer. To this purpose, it must provide a guarantee; the cost to deliver 
this guarantee is denoted with GD.  

In order to operate on the national electricity market, the FPPA provides to the EMO adequate financial guarantee according to 
the energy transaction scheduled; the cost of delivering this guarantee is denoted with GM.  

Finally, regarding energy consumption, corporate Buyers must pay the Excise duties that FPPA has to collect and pay to the 
national Fiscal operator (TCA). To this purpose, it must provide a guarantee; the cost of delivering this guarantee is denoted with 
GEx. 

The guarantee costs (GT, GD, GM, GEx) can be considered all deterministic and are usually expressed in an annual cost which 
is a percentage value of the total requested guarantee amount, Gs is considered a deterministic value. 
 
2) Energy Mismatching costs - CM(p) 

Owing to the unpredictability of the Seller production and the corporate Buyer randomness of the consumption, an energy deficit 
(unp) or surplus (ovp) can occur on an hourly basis. In this case, on an hourly basis, it is necessary to balance by selling on the 
market (if a surplus occurs) and purchasing from the market (if an energy deficit occurs) that implies a merchant risk as illustrated 
in Fig. 8. The corporate buyer has a number of options to mitigate this risk – it can choose to purchase balancing power for itself 
(e.g. by setting up a wholesale trading desk), or in this case of a VCPPA under analysis, through the FPPA. 
A cost is related to the above merchant risk that is influenced by market conditions. It will be indicated with CM(p) where the p 
term denotes a stochastic cost. 
 
3) Congestion Charges - CN(p) 

Power exchanged with the grid and that virtually goes from the Seller to the corporate buyer’s site flows through the electrical 
grid with all the congestions constraints that can occur and the corresponding fee due. 
This fee is generally determined by the day ahead market results and by the operating status of the grid so it is influenced by market 
conditions. It is denoted with CN(p) where the p term denotes a stochastic cost. 
Energy injected into the grid is generally sold at the market price in the area where the power plant is located (Pz, zonal price) 
while energy consumed by the corporate buyer is valued at the single national price (PUN). There is a gap between Pz and PUN 
which is the CCT cost that corresponds to the energy transportation cost [26, p. 52] [27]. 
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4) Imbalances costs - CI(p) 
For renewable generation assets, especially wind and PV, when the national electrical grid is involved, the challenge is that it 

becomes difficult to forecast and guarantee the production properly [28], owing to the variability of the weather conditions [29]. 
During the operation of the VCPPA, the FPPA bears imbalance costs due to the energy mismatching between the predicted power 
profile and the real power profile both for the Seller production and the corporate buyer consumption [30]. It is worth underlining 
how these costs do not correspond to the mismatching costs in CM(p) which is related to the lack of overlap between production 
and consumption. Moreover, these costs in some countries are determined by the electrical system as a whole, such as zonal or 
national imbalances. They are stochastic costs and are denoted with CI(p) where the p term denotes a stochastic cost. 
 
5) Energy Management costs - EMC 

The main task of the FPPA is to facilitate the energy exchange between Seller and corporate buyer, so it appears for the corporate 
buyer as a Supplier and for the Seller as an energy Trader, operating on his behalf in the liberalized electricity market; obviously 
this involves a fixed management cost to perform appropriate Energy Management activities, denoted with EMC. 
To perform these activities a certain number of staff units are required. The use of full-time resources is necessary to provide the 
Energy Management, Settlement & Invoicing, Logistics & Metering, Administration, Finance and Accounting activities. Thus 
EMC are the costs incurred by the FPPA facilitator that include: personnel costs for the staff that manage end-users and register 
the energy schedule transactions; CRM system necessary for the billing process towards the end-users; facilities depreciation; 
general expenses. 
 
6) Other costs 

With reference to the model represented in Fig. 7, term I is the Capex to build the renewable power plant usually by mean of 
long-term debt provided by third parties or lenders. O&M term is: Operating cost, determined as the access cost to platform for the 
energy exchange between supplier and corporate buyer on the electricity market [31]; Maintenance cost generally correlated with 
the size in kW of the power plant. The remaining terms DC, TMC and Taxes are pass-through charges due from the corporate 
buyers to the market operators respectively for balancing service, transport-measurement services and VAT and Excise duties on 
electricity.  
 

C. Proposed LCOE formula  
The standard LCOE models as illustrated in the previous section do not consider several costs emerging from the operation of a 

FPPA in the VCPPA configuration as described above. 
The aforementioned costs must be considered to determine the LCOE value and the related TLCC, therefore, a fair price of the 
VCPPA for the Seller and the corporate buyer. Considering a future market parity framework, the LCOE must be competitive with 
conventional energy price, thus tax credit is not taken into account since it may represent an additional revenue. The proposed 
LCOE formula for VCPPA is reported in (5). 
 
 
 

LCOEVCRPPA =
∑ (I+GTi+GDi+GMi+GExi+OMi+EMCi+CI(p)i+CN(p)i+CM(p)i)

(1+r)i
n
i=1

∑ Ei
(1+r)i

n
i=1

      (5)  

 
 
 
 
 
It is quite evident as LCOE as valuated in (5) contains costs that depend on prices, electricity market variability, weather conditions, 
accuracy of the energy production and load forecast, as described in the previous subsection and denoted with (p) term highlighting 
the stochastic nature of LCOE. 
 

I = Investment cost 
Guarantees’ cost 

• GT = TSO Guarantee costs 
• GD = DSO Guarantee costs 
• GM = Market Guarantee cost 
• GEx = AdM Guarantee costs 

OM = operation and maintenance costs 
EMC = Energy Management Costs 
CI(p) = Imbalance costs 
CN(p) = Congestion Network charges 
CM(p) = Mismatching costs 
n = End-of-life of the power plant 
r  = actualization rate 
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V. TEST CASE: A NUMERICAL APPLICATION 
The scope of this section is the use of the proposed LCOE formula to establish the optimal contractual length and price for a 

VCPPA aimed to the creation of a 20 MW capacity new PV power plant. A basic assumption refers to the power plant total 
forecasted production that balance the total energy needs of multiple corporate buyers. The estimated total energy production-
consumption is 28 GWh per year. The production profile refers to the annual average profile for the PV plant located in Southern 
Italy while the consumption profile refers to a non-residential user considering for simplicity that all the n-users have the same 
load profile. 
As mentioned, the proposed LCOE is a stochastic value, so to take any decision for the investment profitability and to establish 
the VCPPA contractual length and price, an LCOE sensitivity analysis is also performed.  
 

A. LCOE evaluation  
The following basic assumptions have been made for the analysis as indicated in Table 1 and Table 2: 
a) A PV power plant with a total capacity of 20 MW is considered; 
b) The estimated annual production of the installed PV power plant, supposed located in Southern Italy, assuming a correct installation 

(azimuth:0° , tilt: 30°) was prudently set at 1,430 kWh/kWp; 
c) The corporate buyer is composed of multiple users (about 1400) with an average annual energy consumption of about 20,000 kWh/year and 

contracted power of 10KW per each user; 
d) The yearly energy produced by power plant is considered equal to the yearly energy consumption of the corporate buyer and estimated in 28 

GWh; 
e) The Seller exchanges the possible power plant energy surplus in the "wholesale market" (spot market in Italy), using the market Price (Pz 

Southern Italy) according to the current regulatory framework; 
f) The power plant cost is set to 800 €/kWp; 
g) A production decay of 0.3% per year is considered; 
h) A time interval from 5 to 20 years (power plant End-of-life) is considered to evaluate which is the best VCPPA price; 
i) The purchase and sale prices on the wholesale market are the average annual prices calculated during 2017; 
j) An overlapping degree (energy matching) between Production and Consumption profile, of at least 50% is assumed ; 
k) On the basis of point j):  

50% of the corporate buyer consumption is purchased by the national electricity market at the market price and it determines mismatching 
costs CM(p) valuated considering the annual average PUN for the year 2017 of 53.94 €/MWh. 

l) Operating cost including access to electricity platform (IPEX of 17,500 €/year for the first year and 10,228.21 € for the next years) and 
maintenance cost at 0,5% of the Investment cost; 

m) Guarantee costs toward market operators have been evaluated considering the Italian regulatory framework; 
n) EMC is evaluated considering the costs quoted by the Italian service providers; 
o) CI(p) is evaluated considering 0.85 € per MWh produced and 0.50 € per MWh consumed; 
p) CN(p) is evaluated considering the average CCT in the Italian electricity market in the year 2017;  
q) Revenues are given:  

50% of the Seller capacity sold to the corporate buyer considering a VCPPA price of 75 €/MWh; 
50% of the Seller capacity sold on the national electricity market at the average zonal electricity market price (Pz Southern Italy); 
A component (PCV) due to the energy Seller for its energy supply activity estimated at 116.50 € per user. 

 
Starting from the above basic assumption the corresponding total costs and revenues have been calculated and reported in Table 3 
and Table 4. 
 
 While the related financial plan is reported in Table 5. The costs and revenues analysis with the NPV calculation leads to a 
payback period for the investment able to recover the total cost in a period between 9 and 10 years (BEP = 9.5), aligned with the 
contractual length of most CPPA signed in the global market. It can be noted also in Table 5 how during the PV end-of-life, the 
LCOE value decreases up to the value of 73 €/MWh and therefore the basic VCPPA price considered in the simulation, of 75 
€/MWh. A graphical representation is highlighted in  
Graph 1 that underlines how, to reach a profit, the VCPPA must be higher than LCOE price as already pointed out in II. 
In addition, it is worth noting how a different contract price determines the same LCOE curve but a different payback time due to  
different revenues in the financial plan simulation as shown in Table 6, where the VCPPA price has been set to 110 €/MWh.  
Comparing the above two graphs, for the same VCPPA contractual length, for instance of the typical 10 years, only in the second 
case with a VCPPA price higher than LCOE value, is an adequate profit achieved (in this case, the BEP is 6.1 years). Varying the 
VCPPA contractual length the size of the profit-margin area varies naturally (see Graph 2). 
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B. LCOE Sensitivity Analysis 
 As mentioned several times, the VCPPA contractual length and price that allow the total costs to be recovered is affected by 
several parameters that are strongly determined by the assumptions and conditions under the VCPPA. To face the several intrinsic 
uncertainties in the VCPPA, a series of sensitivity simulations were carried out varying only some of the most important 
parameters: 
  

• PV power plant Investment cost, I; 
• VCPPA price; 
• VCPPA contractual length; 
• Imbalance costs, CI(p); 
• Congestion Network Charges, CN(p); 
• Actualization rate (r) taken as discount rate value in the LCOE formula; 
• Overlapping degree (% of energy matching). 

 
Sensitivity analysis 1: Investment Cost vs.VCPPA price 
 The scale for the VCCPA price ranges between 75-110 €/MWh, which are the most common prices on the electricity market, 
and mainly considering the results illustrated in previous section. The numerical results are reported in Table 7. This analysis gives 
the opportunity to evaluate a fair trade-off between the VCPPA contractual length and its price. As visible in Table 7 it is possible 
to establish the VCPPA price that allows a profit to be reached considering a contractual length of the typical 10 years in 
combination with the Investment cost. For example, in case of an investment cost of 900 €/kWp the VCPPA price has to be higher 
than 80 €/MWh to reach a contractual length of less than 10 years. From a different perspective, it can be analysed how LCOE 
varies according to the PV power plant end-of-life and so it helps to determine the VCPPA price to achieve a profit.  
The numerical results are reported in Table 8. It is possible to see how the situation improves as it moves towards the cases 
represented by the green area, in the upper-right part of the table that corresponds to the lowest cost of the power plant and at the 
same time the highest VCPPA contractual length that corresponds to the maximum PV power plant end-of-life. 
 
Sensitivity analysis 2: Congestion Network Charges vs. Imbalance costs 
 The scale of values for the CN(p) ranges between 1-5 €/MWh while for the CI(p) between 0.5-5 €/MWh which represent the 
most possible values recently observed in the Italian electricity market [30] [32]. In Table 9 the numerical results in terms of 
payback period are reported.  
It has been observed how the increase in the VCPPA price from 75 to 110 €/MWh results in a payback period reduction of more 
than 30% since it reduces the payback from 9.0 to 5.9 years in the best case and from 10.5 to 6.5 years in the worst case as visible 
in Table 10. The same simulation is reported in Table 11 but considering the LCOE price and as a consequence the VCPPA price, 
as numerical result. 
      
Sensitivity analysis 3: nominal discount rate (r) vs. VCCPA price 

As well known, an interest rate for Investment Ii different from discount rate (r) may be used. Interest rate depends on many 
factors such as borrower’s credit worthiness, a risk associated with lending, Demand and in the economy.  Clearly it is necessary 
to identify interest rate to follow a careful and not simple analysis that is out of the scope of this work, so in this analysis an interest 
rate equal to discount rate is used. 
The third sensitivity analysis reported in Table 12 evaluates the payback time to recover the investment, comparing the nominal 
discount rate with a scale ranging between 0-4.25% in combination with the VCPPA price variation between 75 and 110 €/MWh, 
without considering an inflation rate (consequently a real rate at the nominal rate). The inclusion in the procedure of an inflation 
rate would form a real rate different from the nominal rate that would affect negatively discounted cash flows, reducing them with 
a greater degree of complexity for the analysis. 
 
 
Sensitivity analysis 4: Overlapping degree vs. VCPPA price  

It is evident in Table 13 how an increasing of the overlapping degree affects the payback period positively, which becomes 
smaller considering the same VCPPA price, thus a bigger profit area is obtained.  
In Table 14 the increasing of the overlapping degree effects the VCPPA price positively, which becomes considerably smaller with 
the extension of the power plant end-of-life and so of the contractual length.  
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This analysis allows determining a right compromise between VCPPA contractual length and price according to the different 
overlapping degree. From the technical perspective the case of 100% is particularly interesting, which could be achieved using an 
energy storage system on the producer or consumer side. This information may be used to evaluate the possible adoption of a 
storage system in order to synchronize production and consumption under a VCPPA contract [33], naturally it implies further 
economic analysis considering the investment and operation cost of the storage. 
 
Sensitivity analysis 5: VCCPA contractual length vs VCPPA price  

The last and perhaps most significant sensitivity analysis allows the achievable profit-margin to be defined considering the 
VCPPA price and the VCPPA contractual length. It is useful to observe the numerical results reported in Table 15 identifying a 
realistic profit-margin area that gives the possibility of setting VCPPA conditions (contractual length and price). 
Taking into consideration a benchmark analysis, it is possible to avoid particular situations considering a standard contractual 
length (for instance, not less than 7 years and not longer than 10 years). 
Regarding VCPPA prices, at the same time, it is possible to avoid cases with prices over the limit fixed by the resulted LCOE 
value (75 €/MWh) and not higher than 100 €/MWh (considered that higher prices would be not competitive).  
 

VI. CONCLUSIONS 
In the last few years, owing to the lower cost of PV panels and wind turbines, the interest in Corporate Power Purchase 

Agreement to finance the development of renewable-source-based power plants increased also without feed-in tariffs. Indeed, these 
long-term contracts allow achieving market parity operation of new renewable-source-based power plants. In the literature, the 
Corporate Power Purchase Agreements (CPPA) can be classified in Behind the meter, Sleeved and Virtual PPA. Virtual CPPA 
(VCPPA) are the most-used ones as the power plant can be located elsewhere with respect to the corporate site and use the public 
electrical network to exchange power. 

A VCPPA business model implies new costs, such as Market operators’ guarantees, Energy Mismatching, Congestion Charges, 
Imbalances, Energy Management and Operating and Maintenance costs to be considered in the business plan for the evaluation 
of investment profitability. The paper presents an LCOE formula that takes into account such costs. Using this formula a deep 
economic analysis to realize a new project of a 20MW PV power plant in the Italian market framework was performed showing 
the parameters that influences the VCPPA profitability.  

The proposed LCOE formula respect to the other ones considers the costs related to realization of a renewable power plant in a 
more realistic situation. The case study shows that best solution corresponds to the one with greater profitability obtained with the 
most competitive market price and the most acceptable contractual length (for the Italian case 100 €/MWh as market price and 10 
years as contractual length) considering a standard production and load overlapping (50%). Despite this solution, many other 
profitable situations are possible in relation to a specific market case. 

A particular emphasis was dedicated analyzing the impact of the power mismatching between the production and the load. This 
is important as both are stochastic variables and can sensibly affect the payback time and so the bankability of the investment. The 
‘what if’ scenarios from the global sensitivity analysis reveals what outcomes might be more likely than others and it can help an 
analyst to decide which (if any) might be viable. Furthermore, the results from the global sensitivity analysis can also help to 
identify which one among the VCPPA variables influence more. 
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FIGURES 

 
Fig. 1 - Global corporate PPAs distribution, by region - Source: Bloomberg New Energy Finance - October 25th 2018 

 

 
Fig. 2 - General CPPA framework structure with physical flows, energy flows and Renewable credts. 

 

 
Fig. 3 - Behind the Meter CPPA configuration 
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Fig. 4 - Sleeved CPPA configuration 

 
 

Fig. 5 - Virtual CPPA configuration 

 

 
  Fig. 6 - Involved parties in a VCPPA model 

 

 
Fig. 7 - Contractual links within a VCPPA and related costs 
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Fig. 8 - Energy mismatching concept 

 
 

Fig. 9 - LCOE and Payback Period in VCPPA (contract price 75 €/MWh) 

 

 
 

Fig. 10 - LCOE and Payback Period in VCPPA (contract price 110 €/MWh) 
 
 
TABLES 

 

Table 1 - hypothesis and data 
 

Data and plant details Year 0 -20 Details 
PV power plant capacity - MWp 20 Total installed power capacity 

Generation - MWh/MWp 1,426.34 Energy generation. Data extracted by PVGIS referred to location 
in Southern Italy. 

Unit cost photovoltaic plant - €/kWp 800.00 Basic price per installed kWp 
Annual energy production - MWh 28,526.80 Peak power x Generation. 

generation decay - % year 0.3 It is assumed that PV plant slightly decrease its production every 
year. 
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Overlapping degree - % 50 Quantity of generation that matches with load. 
Production in match with load - MWh 14,263.40 Generated energy that satisfies the loads. 
Production fed into the grid - % 50 % Energy sold within the market 

Production fed into the grid (market sell) - Mwh 14,263.40 (Total generation) – (energy that matches with loads). Energy that 
does not matches with loads. Amount of energy sold on the market. 

Total energy load - MWh 28,519.94 Total Energy needs. 
Corporate buyers – n° 1,426.00 Number of considered end-users 
Energy purchased - MWh 14,256.54 Energy that does not satisfies loads so purchased from the market. 

 
 

Table 2 - data prices 
 

DATA PRICE Details 
PUN - €/MWh 53.94 Average national electricity market price (2017) 
Pz_Southern Italy - €/MWh 50.19 Average zonal  electricity market price (2017) 
Basic VCPPA price - €/MWh 75.00 Initial value set as VCPPA price  
Average energy imbalance (CI(p)) 0.85 Annual average cost 
Average CCT - (CN(p)) 3.76 Annual average cost 

 
 

Table 3 - economic analysis: costs 
 

COST ITEMS - € Year 0 Year 1-5 Year 6-20 Details 
I - Investment Cost 16,000,000.00 - - Cost of the photovoltaic plant 
 

O&M - Maintenance cost (0,5% of I) - 80,000.00 80,000.00 Maintenance costs (from second year) 
O&M - Operating cost 17,500.00 10,228.21 10,228.21 Energy management costs 
TOTAL O&M 17,500.00 90,228.21 90,228.21  

 

GT - TSO guarantee 76,008.40 25,000.00 25,000.00 Guarantee for Transmission system operator 
GD - DSO guarantee 7,256.63 7,256.63 7,256.63 Guarantee for Distribution system operator 
GEx- TCA guarantee 3,565.00 3,565.00 3,565.00 Guarantee for Fiscal operator 
GM - MRKT guarantee 2,920.67 2,920.67 2,920.67 Guarantee for electricity market operator 
TOTAL Guarantees 89,750.71 38,742.30 38,742.30 Guarantee for all the market operators 
 

EMC – Energy & Management Costs 145,359.24 145,359.24 129,359.24 Costs related to the performed activities 
 

CI(p) - Imbalance costs 39,078.15 39,078.15 39,078.15 Energy imbalances  
 

CN(p) – Congestion Network Charges (CCT) 107,260.77 107,260.77 107,260.77 Costs for energy congestions 
 

CM(p) – Mismatching costs 768,941.18 768,941.18 768,941.18 Costs for energy purchase on the market 

TOTAL COSTS 17,167,890.05 1.189.609,86 1.173.609,31  

 
 

Table 4 - economic analysis: revenues 
 

REVENUE ITEMS - € Year 0-20  
Energy sold to corporate buyers 2,138,955.55 Energy remuneration by corporate buyers 
PCV component 166,132.14 Component due to the Seller 
Energy surplus sold in the market 715,918.86 Energy excess sold in the market 

TOTAL REVENUES 3,021,046.55  

 
 
Table 5 - Financial plan of a 20 MWp PV referred to the end-of-life (considering VCPPA price 75 €/MWh) 
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Table 6 - Financial plan of a 20 MWp PV referred to the end-of-life (considering VCPPA price 110 €/MWh) 

 

 
 

 
Table 7 - Plant Cost vs Contract Price, contractual length Sensitivity 

 

 
 
 

 

Table 8 - Plant Cost vs Contractual length, price Sensitivity 
 

 
 

 
 

Table 9 - Congestion Network Charges vs Imbalance costs, contractual length Sensitivity (considering VCPPA price 75 €/MWp) 
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Table 10 - Congestion Network Charges vs Imbalance costs, contractual length Sensitivity (considering VCPPA price 110 €/MWp) 
 

 
 

 
 

Table 11 - Congestion Network Charges vs Imbalance costs, VCPPA price Sensitivity 
 

 
 

 
 

Table 12 - Discount rate vs Contract Price, contractual length Sensitivity 
  

 
 

 
 

Table 13 - Overlapping degree vs VCPPA price, contractual length Sensitivity 
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Table 14 - Overlapping degree vs VCPPA price, VCCPA price Sensitivity 
 

 
 

 
 

Table 15 - Contractual length vs contract price, profit-margin sensitivity 
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