
Citation: Stanitsas, M.; Kirytopoulos,

K. Sustainable Energy Strategies for

Power Purchase Agreements (PPAs).

Sustainability 2023, 15, 6638. https://

doi.org/10.3390/su15086638

Academic Editor: Dušan Katunský

Received: 18 March 2023

Revised: 10 April 2023

Accepted: 11 April 2023

Published: 14 April 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Sustainable Energy Strategies for Power Purchase
Agreements (PPAs)
Marios Stanitsas 1,2,* and Konstantinos Kirytopoulos 1

1 School of Mechanical Engineering, National Technical University of Athens, 15780 Zografos, Greece;
kkir@mail.ntua.gr

2 ABO Wind AG, 65195 Wiesbaden, Germany
* Correspondence: mariossta@mail.ntua.gr

Abstract: During the last years, renewable energy strategies for sustainable development perform
as best practices and strategic insights necessary to support large scale organizations’ approach
to sustainability. Power purchase agreements (PPAs) enhance the value of such initiatives. A
renewable PPA contract delivers green energy efficiently to organizations that seek sustainability
benefits. Consequently, various approaches that define PPAs are utilized to motivate both interested
parties to participate in such deals. Highlighting sustainability tactics during negotiations and
identifying relative impacts during the projects’ implementation are both necessary. Following the
methodological approach of this study, open-ended criteria are used to identify vital negotiation
pricing patterns that permit practitioners to deliver win–win outcomes. The aim of this research is
to introduce a multicriteria decision analysis-based method, namely PROMETHEE, to evaluate the
implementation of sustainability-related strategies using PPAs. This paper proposes a method for
ranking alternative sustainable energy strategies in order for decision-makers to be able to select the
most appropriate PPA structure for an organization.

Keywords: PPAs; sustainability; indicators; MCDA; renewables; construction

1. Introduction

Organizations are progressively attempting to lower their environmental impact and
energy costs, which aligns with the global sustainability-oriented trend. As an approach to
such an initiative, many organizations and corporates are sourcing energy from renewable
generation sources (RES). Renewable energy is gradually being raised from operational and
technical activity to a strategic and commercial focus in an organization’s energy strategy.
Corporates may implement a renewable energy plan in a variety of ways, including
renewable power, heat, and transportation, all of which have connected benefits [1,2].

Renewable electricity solutions involve either directly constructing an asset, or ac-
quiring green power from a third party’s project, both of which make it possible to obtain
renewable energy certificates [3,4]. This research focuses on a combination of methods
that a corporation includes in a power purchase agreement (PPA) to acquire power from
a renewable energy asset. Corporate PPAs have been proven a fitting tool for addressing
sustainable initiatives, development risks, and finance opportunities. They may, therefore,
help considerably in enhancing and expediting the deployment of renewables [5].

The renewable corporate sourcing sector in Europe, which includes both PPAs and
other kinds of corporate sourcing, has enormous potential. Long-term PPAs are used
by renewable energy plant developers to ensure a project’s future revenue and provide
lenders with assurance that loans will be returned; in other words, to improve a project’s
bankability in the absence of predictable income from government assistance programs [6,7].
However, these PPAs come with a lot of risks that most corporates are not familiar with [8].
Traditionally, utilities with a strong grasp of the energy market and broad, diversified
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portfolios of projects and technology have managed to cope with the risks associated with
long-term energy contracts in Europe. They have had to devise complex procedures in
order to accommodate an increasing proportion of fluctuating renewable energy costs.
Corporates are increasingly interested in signing long-term PPAs as renewables become
the primary energy technology for big energy corporations and new renewable energy
suppliers enter the market. It is crucial that they realize the risks to which they may be
exposed. During the last few years, different pricing PPA mechanisms have been explored
by counterparties. However, fixed-price structures have dominated amongst commercial
pricing mechanisms for renewable PPAs. The unpredictability of the wholesale power
prices across Europe and the probability of additional price cannibalization of wind and
solar capture prices by means of increased renewable penetration in the system is of the
essence for developing new PPA structures. A vast number of offtakers are becoming more
interested in alternate PPA pricing scenarios [9,10].

PPAs can also be conducted through various energy storage management strategies,
used to mitigate energy consumption. Organizations can acquire storage capacity to supple-
ment their renewable energy purchases using battery PPAs. By incorporating batteries into
a renewable project, surplus energy can be stored during periods of high production and
low power prices and sold back to the grid during times of low production and high-power
prices. There are two categories of battery storage power purchase agreements (PPAs): a
combined PPA that covers both renewable energy (usually from solar) and energy storage,
and a separate PPA contract that only focuses on battery storage. There are two major cate-
gories of battery storage PPAs, namely, a combined PPA that covers both renewable energy
(usually from solar) and energy storage, and a separate PPA contract that only focuses on
battery storage [11,12]. A battery storage PPA that is structured accurately to reflect both
the RES producer’s and the offtaker’s needs can reap pricing benefits. The seller can secure
a stable revenue stream to support project financing, while the buyer gains an effective
hedge against battery storage price fluctuations. Additionally, there are advantages in
terms of reduced need for balancing and shaping during unpredictable output periods, as
the battery can take over. This will make power more environmentally friendly by reducing
reliance on purchasing fossil-fuel-based electricity from the grid during low production
periods. Sustainability-related strategies can also be formulated via the implementation of
such schemes. Thus, there is further impetus for increased storage to ensure availability of
green power at all times of day [13,14].

While exploring diverse PPA contracting practices, it is crucial to employ a consistent
approach to comprehending corporate PPAs based on the country-specific market environ-
ment that impacts them [15]. This introduction outlines the key characteristics of corporate
PPAs that are assigned by a range of contractual techniques. Such characteristics may be
specific to corporate PPAs, such as the term, volume, or price, or they may encompass
broader variables that impact the structure of a corporate PPA, such as the relevant power
market. This also introduces sustainability-related indicators that examine typical risks
that must be addressed. Contributing to this means discussing the views of several parties
involved, such as the corporate buyer, the developer, and the financiers. Inputs on such
observations are derived from a large-scale organization. These tenets are then used for a
more extensive analysis of various contracting approaches to attain the aim of this study
and fill the existing literature gap.

The literature currently lacks a comprehensive assessment of sustainability indicators
that aid the integration of the sustainability philosophy into PPAs, as well as a multicriteria
decision analysis (MCDA) approach to assess this integration. In response to the presented
research gap, this study highlights the potential for PPA practitioners to utilize the proposed
MCDA approach to evaluate various PPA pricing structures and successfully implement the
sustainability initiatives that organizations aspire to integrate into their tactics, particularly
within the triple bottom line (TBL) framework. This research introduces a novel approach
for assessing the integration of sustainability indicators within PPAs to reveal sustainable
energy strategies, which fills a significant gap in the existing literature and offers valuable
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insights for PPA practitioners seeking to align with sustainability goals. The objective
of this research is to offer practitioners an understanding of the available alternatives
by presenting an overview of different PPA pricing structures along with an analysis of
sustainability-related implications and settlement considerations as a way of supporting
the overall research aim. This paper outlines the specific methodological steps used to
reveal sustainable energy strategies for PPAs. The aim of this research is to introduce
a multicriteria decision analysis-based method, namely PROMETHEE, to evaluate the
implementation of sustainability-related strategies using PPAs. By utilizing the proposed
approach to compare different PPA structures, it is intended to reveal stakeholders’ needs,
allowing PPA practitioners to follow sustainable energy strategies. The contribution to the
overall body of knowledge includes conducting extensive empirical research and presenting
a novel method for evaluating the use of sustainability indicators in PPAs for revealing
sustainable strategies; this study addresses a crucial void in the current body of literature
and provides beneficial perspectives for PPA professionals aiming to align with sustainable
objectives. Figure 1 provides a summary of the main aspects of this research.
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2. Literature Review

Recent studies and reports have highlighted the importance of conducting more PPA
deals in order to attain a sustainable society [9,16,17]. The corporate sourcing business in
Europe has exploded in recent years. During 2014, the European corporate PPA market
developed to a total capacity of more than 8 GW for offsite projects. In 2018, contracts
for commercial and industrial onsite renewables totaled 1.3 GW and 2.1 GW, respectively.
Over 2.5 GW of offsite PPAs were signed in 2019 alone [18]. The need for sustainability, as
expressed through renewable energy projects, arises from a shortage of natural resources,
leading the whole PPA theme to new insights and scientific “green” solutions [6]. Corpo-
rates act on several motives for trying to obtain power from renewables, but the capability
of stabilizing energy costs is crucial for PPA transactions. While decarbonization obliga-
tions are frequently highlighted as the initial impetus for considering renewable corporate
sourcing, most corporates identify the capacity of a PPA to minimize energy cost volatility
and provide long-term savings on energy bills as the critical business justification [19].

Long-term PPAs, the most common agreements, vary between 10 and 15 years, are
used by RES developers to ensure the project’s future revenue, and provide lenders a
guarantee that their loans will be refunded in order to enhance the project’s feasibility
(bankability of the project) in the event of the absence of governmental funding [15].
Nevertheless, risks still exist (e.g., development, volume, performance, etc.), and PPAs



Sustainability 2023, 15, 6638 4 of 19

can become problematic for both counterparties, as these kinds of deals are brand-new
to practitioners [20]. Through the defined process and the use of indicators, this research
attempts to highlight such types of risks.

PPAs can be introduced into a wide variety of schemes depending on the counterpar-
ties’ needs and purposes. The accounting aspect of this sort of transaction also may be
complicated, causing the PPA signing procedure to be delayed. The impact on financial
statements may be severe, depending on how the agreement is constructed. PPAs can be
categorized depending on the offtaker, energy transmission, volume produced, the chosen
price mechanism, number of counterparties, and location of markets. In this research,
the focus is on pricing mechanisms. Figure 2 presents the most common types of PPAs
and highlights in orange and bold printing the most used types in European markets as
extracted from interviewees’ expertise along with relevant publicly available reports and
articles [18,21,22].
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Figure 2. Main PPA types.

The needs between corporates, industries, and utilities usually vary and are typically
explored on a case-by-case basis by practitioners. In most cases, offtakers are interested
in implementing sustainability strategies, meaning reducing CO2 emissions and making
environmental claims, contributing to society-related concerns, and achieving financial
benefits (TBL). They usually have specific energy needs and seek a PPA with a tailored
volume and price structure. Furthermore, contract clauses may vary, depending on the
sustainability focus they want to reveal in the PPA deal [5].

Physical PPAs represent a direct relationship between the offtaker and the RES pro-
ducer, implying that the latter physically delivers the specified energy volume with the help
of an energy provider (Figure 3). Virtual/financial PPAs (VPPAs), on the other hand, offer
options to offtakers regardless of geographical distance. In these VPPAs, no physical energy
exchange is involved, and it mainly includes a net cash settlement of the difference between
the market spot price (wholesale market), and PPA agreed/fixed price (Figure 4). VPPAs
may be typically used for hedging strategies against future spot price fluctuations [5,23].

Pay-as-produced (PAP) volume structures refer to PPAs in which a fixed tariff is paid
for the energy produced, regardless of current or future market prices. It can cover all of the
production or a percentage. PAP PPAs tend to be the most popular volume structure across
Europe, offering a perfect alternative for the financial security subsidy schemes that may be
inclined to fade. RES producers transfer key PPA risks (price, cannibalization, and profile)
to the offtaker [24]. However, in regions with the most active growth of renewables capacity,
offtakers are finding PAP contracts less attractive, and baseload PPAs are the next phase
of commercial PPA structures. Baseload PPA structures offer a fixed delivery production
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profile. They can be defined in an annual or a monthly profile and are usually chosen from
RES producers and off-takers seeking a fixed delivery energy profile. Such a structure
includes specific production for each hour of the year/month, constantly throughout the
agreed term [25]. A route-to-market strategy is a commercially motivated way of reaching,
selling, and transacting to increase revenue and profit within a defined target market or
segment. In the route-to-market volume structure, the offtaker bears the volume risk, and
there are no delivery profile commitments; the RES producer will receive a lower price for
the electricity provided compared to a fixed-volume PPA. Route-to-market PPAs are often
addressed to a utility with power trading capabilities [26].
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Analyzing the most used pricing structures, constitute the central research path of
this paper. Using a fixed scheme combined with an escalation and–indexation structure,
the authors address the scenario in which the offtaker secures a starting power price that
remains the same or, in most cases, rises/decreases according to a contractual profile. The
phases can be determined in nominal terms, not including inflation as measured by changes
in consumer price index (CPI) in terms of the annual growth rate and in index, or in factual
terms by adding inflation indexation. As an alternative, a straightforward predetermined
percentage increase/decrease every year may be used. Floating price, market discount
with caps and floors introduces a pricing structure in which the offtaker attains a market
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discount (set percentage or amount) throughout the PPA tenor. In return, the offtaker
offers the power producer with a floor or cap price, ensuring a minimum/maximum price
for plant output and safeguarding the project’s bankability. This structure is based on
a similar approach to the VPPA, under which the parties’ energy payments are subject
to the wholesale market price and follow the approach of a contract for difference (CfD)
mechanism (Figure 5). Collar and reverse-collar structures present a key difference to
the previous structure, which is that there is no discount to market. A collar requires a
project to assume more wholesale energy price risk that the offtaker is liable to (minimum
and maximum price defined). The RES producer becomes the party at risk whenever the
wholesale market price falls below the defined floor price but, in exchange, the producer
benefits from an upside when the power market exceeds the defined cap. PPAs that
follow this pricing structure express parties’ desire to constrain the volatility of power
prices. However, high floor prices can potentially result in a higher agreed PPA strike
price. Hybrid structures (% of output) contain a fixed percentage of the production of
the RES plant (e.g., 80%) which is contracted at a fixed price. The remaining percentage
of the output (e.g., 20%) is contracted at a floating price with a discount to the market.
The RES producer is keener to proceed with such a structure as there is the choice to
enhance output with wholesale power prices and in sufficient parallel demand to cover
the offtaker. The PPA match most likely concludes with large electricity offtakers that
are also “vulnerable” to power prices. Finally, in a clawback structure, which is the less
popular amongst counterparties across Europe, mainly due to its complexity, the offtaker
locks in a PPA price but benefits from downward market price movements, subject to
limitations defined in the agreement. Upward price movements are charged to the RES
producers until they have clawed back the amount gained by the offtaker (relative to the
PPA price). The RES producer faces a loss cap following this, in which the price reverts
to the PPA price, providing a floor (also determined relative to the PPA price) to total
project revenues for the RES producer. This structure’s philosophy is based on a contractual
provision whereby revenues already paid to a counterparty must be returned to the other
counterparty, sometimes with a penalty [21,23,25].
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Cross-border PPAs (XB PPAs) refer to bilateral contracts between an RES producer
and an offtaker who are located in different countries. In principle, the scheme is the
same as any other PPA structure but with the added complication of dealing with a cross-
border price risk and potentially differing regulatory frameworks. The transmission of
energy between countries (physical cross-border PPA) depends on acquiring interconnector
physical transmission rights (PTRs) and financial transmission rights (FTRs) at auction.
This offers several challenges and might not always be feasible. On the other hand, XB
virtual PPAs encourage competition among all market participants. Buyers are persuaded
to sign PPAs to mitigate economic risks and make environmental claims. Governments
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and energy markets are being urged to assist and execute these new transactions, and RES
producers construct more efficient projects, regardless of the PPA market present. In a
multi-buyer structure, multiple offtakers can form a group and enter a PPA with a large
RES Producer. Similarly, a team of RES producers can sign a PPA as a unity. This allows
for another vital form of PPAs, multi-producer PPAs, which also combine the benefits of
different RES technologies (wind and solar) [22,27].

This literature review search of previous empirical studies on PPAs and practitioners’
use of sustainability-related indicators for enhancing the selection process by is limited. As
the whole PPA theme is a new trend across Europe and the world, the relevant literature is
very limited, and this paper is an effort to contribute to the overall body of knowledge and
assist in filling this gap. Indicators have previously been cited as significant fundamental
aspects that contribute to sustainability initiatives [28–32]. Nevertheless, a holistic consider-
ation of sustainability-related indicators that contribute to the integration of sustainability
philosophy within PPAs and a multicriteria decision analysis-based method to assess this
process has not yet been proposed and remains as a gap in the literature. Subsequent to this
perception, this research reveals that the sustainability initiatives organizations desire to
implement in their own philosophies (TBL scenario) can be achieved by PPA practitioners
that utilize the proposed approach to compare different PPA pricing structures.

3. Materials and Methods
3.1. Research Instrument

This section provides a detailed account of the materials and methods utilized through-
out the various stages of this study. To meet the aim of the paper and identify the appro-
priate sustainability indicators in a PPA context that contribute towards a suitable pricing
structure, this research strategy follows a qualitative approach, namely focus groups, and
analyzes variations and commonalities to compare different PPA pricing structures using a
set of sustainability indicators in order to reveal the appropriate PPA scenario for allowing
practitioners to make decisions that steer them toward sustainable practices. Focus groups
were conducted in view of seeking expert opinions on the validation of each indicator and
the pricing scenarios. This essentially involved providing the respondents with a list of
indicators and a brief description, and then calling on them to enter a discussion around
each indicator and express their views on several PPA-related aspects, such as schemes, de-
velopment initiatives, and effort. A series of distinct geographical, socioeconomic, political,
and cultural views were analyzed using the guidance of three research questions:

• How are sustainable energy strategies framed in terms of the aim and scope of the
various PPA structures?

• How do practitioners view offtakers’ needs in order to identify the appropriate sce-
nario, and what drives such initiatives?

• Which key sustainability conditions for PPA contractual management do practitioners
investigate and subsequently use?

Based on previous study approaches [30,33], the authors planned the process in order
to provide ease, accurate depiction, understandability, and appropriateness to the aim of
this research. The philosophy behind the Materials and Methods section lies in the lay
focus-group participants who evaluated the usefulness of the indicators for sustainability
strategies in PPAs. In this research, the authors conceptualized sense-making as an inter-
active process by which meaning was created in a dialogue between PPA practitioners
and shaped by previous experience, various arguments, and ideas. Previous contacted
PPA deals in various European countries have commonly contributed to sense-making
proposals. Such sense-making resources guided the researchers to explore the usefulness
of the MCDA method for practitioners who enrich their PPA deals with sustainability.

The research design follows the methodological principles of focus group conversa-
tions, which suggest both homogeneity and heterogeneity between the groups to enable a
broad “map of views” [34]. This is to permit fruitful and successful conversations towards
the aim and the objectives of the current research discussions within the groups while
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simultaneously guaranteeing robust results regarding PPA initiatives. Each focus group
discussion lasted between one and 2 h. Some of the experts participated more than once in
a focus group, as they were identified as PPA experts in more than one country. All of the
respective experts/respondents from the case study’s organization were leading ongoing
PPA business as country heads. This expertise made them ideal candidates for focus group
discussions. All focus group discussions were transcribed in key bullet points.

It is worth mentioning that focus group conversations constitute experience-based
opinions that cannot be further generalized as market standards in the respective countries
analyzed. The goal of such initiatives is to capture experts’ sense-making processes and re-
veal key elements that can aid future practitioners. Subsequently, this research reveals PPA
experts’ insights through an in-depth exploration of how various PPA pricing structures
adjust sustainability strategies. Thus, the authors focused on the discussion of sustainability
strategies and PPAs in which the experts showcase a high level of awareness and interest.

This study included three focus group conversations with 12 PPA experts (Table 1). The
focus groups were held at the organization’s headquarters in Germany for the participants’
convenience, in view of reflecting the sustainability philosophy in daily PPA operations.
Additionally, the researchers planned focus groups with experts active in different countries
to enable the participants to generate a broad map of views and perspectives from diverse
sociocultural contexts.

Table 1. Focus groups conducted in this research.

Focus Group No. Case Study Countries Group Characteristics Number of Participants;
Female:Male

1 Central and eastern European countries—CEE:
Germany, France, United Kingdom, Finland

Mixed-age PPA experts
(aged 30–45) 6:4

2 Southern and eastern European countries—SEE:
Greece, Hungary, Poland, Spain

Mixed-age PPA experts
(aged 30–45) 2:4

3 CEE and SEE countries Mixed-age PPA experts
(aged 30–45) 6:6

3.2. The PROMETHEE Method for Implementing Sustainable Strategies within PPAs

The PROMETHEE (preference ranking organization method for enrichment evalua-
tion) methodology constitutes a multicriteria decision aid (MCDA) technique. Many MCDA
approaches for ranking alternatives based on a range of criteria have been established in
recent years [35]. Their development was motivated by practitioners’ desire to deliver
researchers enhanced decision-making procedures fit for real-life multiple-criteria choice
scenarios [36]. Eliciting, modeling, and representing preference data are essential steps in
providing decision-makers with appropriate choice analyses and aids [37]. The need to
apply such techniques in the energy sector has grown rapidly over the last few years, as
various relevant applications of MCDA techniques can effectively address decision-making
resolutions to practitioners [38]. Following Stanitsas, Kirytopoulos [33], this research uses
one of the most modern MCDA methodologies, the PROMETHEE method, for deeper
exploration into the PPA decision process.

The PROMETHEE multicriteria technique provides guidance to a choice issue in
which a series of similar options, in author’s case, the various PPA pricing alternatives,
must be evaluated using contradictory criteria. The PROMETHEE technique requires the
creation of the selected PPA alternatives as proposed in Table 2, in which alternatives
are considered based on the selected criteria, in author’s case, TBL-related indicators.
According to the previous literature [35,39], the following are some additional prerequisites
for using PROMETHEE: (a) the relative importance of the specified criteria (in the current
case, the weights) and (b) information on the individually defined preference function of the
participants concerning a comparison between the alternatives in terms of each criterion.
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Table 2. Selected PPA alternatives for the MCDA-based method.

Codes PPA Alternatives

A1 Fixed, escalationand–indexation
A2 Floating price, discount to market with caps and floors
A3 Collar and reverse collar
A4 Hybrid structures (% of output)
A5 Clawback

The weights are generally subjective positive values computed separately from the
criterion measurement units. These values show the relative importance of each criterion.
The greater the weight’s value, the greater the applicability of the relevant criterion, and
vice versa [40]. According to Angelis and Kanavos [41], weight selection is critical in MCDA
techniques for the reason that it represents practitioners’ insights and priorities.

The PROMETHEE method’s preference structure is built on pairwise comparisons.
This means that for each criterion, a distinct preference function must be created for each
pair of alternatives, expressing the degree of preference for an option over an alterna-
tive. According to Stanitsas, Kirytopoulos [33], the PROMETHEE approach includes six
preference functions to represent the relevance of the alternatives for a particular crite-
rion/indicator, as well as weights to disclose the criterion’s relative importance: Type
I (usual criterion); Type II (quasi-criterion); Type III (V-shape criterion); Type IV (level
criterion); Type V: (V-shape criterion); and Type VI (Gaussian criterion) [42,43].

Following the previous literature, PROMETHEE analysis better fits the targets set for
sustainable project delivery [43–45]. The long-term commitment induced by entering PPAs
and the uncertainty of future shaping and firming costs require a tool in which risks are
reduced by conducting thorough analysis. To this end, this research suggests the utilization
of PROMETHEE to compare different PPA structures and reveal the appropriate PPA
scenario for allowing practitioners to make decisions towards sustainable practices.

3.3. Case Study and Expertise Input

The case study was conducted at ABO Wind, an international engineering, devel-
opment, and RES construction project organization, specializing in project management
consultancy, headquartered in Europe. The organization is actively developing and im-
plementing extensive sustainability approaches to fulfill international sustainable design
requirements and standards for its RES projects. Furthermore, it seeks to integrate PPAs
with sustainable values by adopting novel practices. In that matter, the case study or-
ganization openly discusses its sustainability strategy and assesses load and generation
characteristics (e.g., overall electricity consumption and demand shape, procurement, and
risk policy) with corporates. Depending on the outcome of the first step, the case study
organization assesses potential projects from the existing pipeline or viable project set-ups
and proposes the best-suited solution to the corporate’s needs. Based on the corporate’s
decision, the case study organization offers a term sheet, including all commercial terms,
for execution. In author’s case study, the proposed method (PROMETHEE) was conducted
with the organization to demonstrate opportunities for additional improvements in the
aforementioned process. Through decision-making, the PROMETHEE method was used
for comparing the different PPA pricing structures and revealing the appropriate PPA
scenario for allowing practitioners to make decisions towards sustainable practices, and
the inputs were gathered using focus group conversations. By using a set of TBL-related
indicators, a more effective decision-making process was revealed. The experts were all in
key managerial positions and responsible for implementing PPA deals to the organization’s
operations in 16 different countries.

4. Assessing Sustainability Strategies for PPAs Using Indicators

The research process and the methodological approach of the study are analytically
described in this section. Figure 6 depicts the sequential arrangement of activities that
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were carried out in distinct phases during the research. The most important phases, also
indicated in the figure below, concern: (1) The case study, which extracted understanding of
the studied organization’s experience. The case study selection was derived by identifying
the organization and its internal PPA expertise. The most used PPA structures were set as
alternatives to the PROMETHEE method. (2) The identification of sustainability-related
indicators based on the triple bottom line scenario (TBL) scenario (environmental, social,
economic) that were extracted by Stanitsas, Kirytopoulos [31]. Throughout the focus
groups, data were collected from PPA experts holding managerial positions at the studied
organization. The results of the assessment were used to assess each alternative against
each criterion. (3) In order to evaluate the incorporation of sustainability principles to reveal
sustainable PPA strategies, the MCDA-based method known as PROMETHEE was utilized.
This method involves examining various scenarios encompassing all possible combinations
of TBL-related criteria (indicators) to ensure reliable outcomes. (4) The resultant ranking
order of each PPA pricing structure was determined for each analyzed scenario. (5) The
final conclusions and recommendations were then formulated.
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Figure 6. Research process/methodological approach of this study.

Considering the purpose of aiding PPA practitioners in understanding the core pricing
concepts that result in successful deals and the selection process that needs to take place to
enable sustainability initiatives through implementing RES projects, the research process in
Figure 6 arises. The presented method’s contribution to the use of sustainability-related
indicators for successful contract management when implementing PPA deals is twofold:
(1) This study confirms PPA experts’ valuable feedback (beliefs and attitudes as extracted
from the focus group process) as providing understanding for unwrapping alternatives.
The findings are significant in terms of implementing sustainability initiatives. This insight
is equally substantial for comprehending stakeholder participation in PPA deals. (2) It
advances the related body of knowledge as an addition to the insufficiently researched PPA
theme, in which it is contended that promising outcomes in this unknown field might be
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obtained by using indicators such as stakeholder attributes and lifecycle management. To
meet this paper’s aim, the researchers’ intention when developing the research process
and methodological approach was to strengthen awareness and consideration of key PPA
contemplations and stakeholders’ valuable insights. Thus, the prementioned key steps
constituted the basis for each progression.

The advancement of renewable energy initiatives is primarily motivated by the goal of
promoting environmental consciousness and conservation, preserving social welfare, and
ensuring economic wellbeing. Under this notion, the focus of this study leads toward the
integration of sustainability philosophy in PPAs as a way of promoting TBL initiatives. By
these means, PPA practitioners can settle on the appropriate scenario while directing their
efforts to certain sustainability aspects (environmental, social, and economic—Tables 3–5).
The MCDA-based method can therefore guide them toward this path. The proposed model
illustrates how this method can offer significant insights to organizations that aim to execute
PPAs while simultaneously seeking sustainable outcomes. Practitioners may benefit from
developing and implementing the analyzed approach in their search for PPA initiatives
in order to investigate set-ups transparently and promote schemes that improve overall
project sustainability. The PROMETHEE tool introduces simplicity and robust outcomes
under the notion of sustainability.

Table 3. Weighting factors for environmental sustainability indicators.

Indicator Weights

ENV1: Energy efficiency 0.901
ENV2: Sustainable use of natural resources 0.874
ENV3: Up-to-date environmental construction technologies and methods 0.822
ENV4: Environmental management systems/policy implications 0.819
ENV5: Environmental education and training 0.812
ENV6: Considering the life cycle of products and services to reduce environmental impacts 0.808
ENV7: Environmental responsibility/justice 0.802

Table 4. Weighting factors for social sustainability indicators.

Indicator Weights

SOC1: Social action funding/concepts of social justice 0.899
SOC2: Needs assessment of society/people 0.878
SOC3: Public acceptance of the project 0.875
SOC4: Managing knowledge and awareness in promoting sustainable project delivery 0.829
SOC5: Labor practices 0.814
SOC6: Sustainable employment 0.803
SOC7: Commitment to the stakeholders’ needs 0.800

Table 5. Weighting factors for economic sustainability indicators.

Indicator Weights

ECO1: Financial/economic performance 0.931
ECO2: Economic and political stability 0.903
ECO3: Target marketing and benefits 0.898
ECO4: Best practice strategy 0.823
ECO5: Organizational culture 0.864
ECO6: Ability to pay and affordability 0.912
ECO7: Implementing an effective change management strategy 0.929

By following the dataset presented in the tables below, PPA structures were weighed
using PROMETHEE (calculation and analysis were then carried out using Excel spread-
sheets). The assigned weights of the considered criteria were extracted from the case study
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organization’s internal expertise during the focus group discussions. Feedback, using
a five-point Likert scale, was received to evaluate the contribution of each indicator to
sustainability strategies. All the responses were subsequently analyzed by researchers
using the Microsoft Excel application to follow the relative importance index (RII) method
to reveal the weights indicated in the tables below. Equation (1) reveals the formula that
was used to calculate the relative index [30,46,47]. The higher the weight, the higher the
importance of sustainable energy strategies for PPAs according to the experts’ feedback.

RII =
∑5

i=1 wini

A∗N
=

5n5 + 4n4 + 3n3 + 2n2 + 1n1

5∗N
(1)

• W shows the weighting value of each indicator, provided by the respondent.
• A is the highest weight.
• N is the total number of respondents.
• ni is the total number of responses that were evaluated with the number i (i = 1 to

5/Likert scale).

5. Results

The Visual PROMETHEE software, as part of the methodological approach of the
analysis, was used to calculate the positive and negative flows for each alternative ac-
cording to the weight of each criterion. The results are dependent on net Phi flow, which
occurs using the addition of the positive outranking flow (Phi+), which states the degree to
which the PPA alternative outranks other alternatives, and the negative outranking flow
(Phi−), which states the degree to which the PPA alternative is outranked by all other
alternatives [48,49]. Following the aim of this research as expressed using a case study, the
positive outranking flow (Phi+) revealed the degree to which a PPA structure dominated
over the others in terms of the use of TBL-related sustainability indicators and thus, the
degree of their consideration by the PPA practitioners to reach the final choice. Corre-
spondingly, the negative outranking flow (Phi−) revealed the degree to which each PPA
structure was dominated by other structures, denoting minor integration/utilization of the
sustainable indicators in the PPA structure to reach the desired sustainability initiatives,
and it exhibited a possibility for the incorporation and utilization of these indicators to
further advance sustainability objectives.

In order to comprehend the efficacy of the technique, it is important to assess the
fact that the scrutinized alternatives could have displayed more favorable characteristics
had Phi possessed a greater value. Tables 6–9 showcase the Phi values (the results from
Visual PROMETHEE software for the analyzed scenarios). Table 6 presents Scenario 1,
which encompasses all of the sustainable indicators, including environmental-, social-,
and economic-related. A fixed, escalation–indexation PPA pricing structure exhibited the
highest score. Based on the analysis, it can be inferred that the sustainable indicators were
deeply integrated into the internal PPA processes as a means of achieving sustainability
objectives. It seemed that practitioners who utilized these indicators or similar sustainability
(TBL)-related ones, consider them as contributing towards such initiatives. Considering
that the full spectrum of sustainability is better addressed using all TBL-related criteria and
the fact that fixed, escalation–indexation PPA pricing structure scores in the highest-ranking
place create additional value in this scenario.

Table 6. Alternatives’ ranking—Scenario 1: all actions criteria.

Codes PPA Alternatives Phi+ Phi− Phi

A1 Fixed, escalation–indexation 0.587 0.185 0.402
A2 Floating price, discount to market with caps and floors 0.521 0.205 0.316
A3 Collar and reverse collar 0.487 0.279 0.208
A4 Hybrid structures (% of output) 0.398 0.294 0.104
A5 Clawback 0.384 0.299 0.085
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Table 7. Alternatives’ ranking—Scenario 2: environmental criteria.

Codes PPA Alternatives Phi+ Phi− Phi

A1 Fixed, escalation–indexation 0.645 0.184 0.461
A4 Hybrid structures (% of output) 0.589 0.205 0.384
A3 Collar and reverse-collar 0.501 0.266 0.235
A2 Floating price, discount to market with caps and floors 0.492 0.309 0.183
A5 Clawback 0.480 0.399 0.081

Table 8. Alternatives’ ranking—Scenario 3: social criteria.

Codes PPA Alternatives Phi+ Phi− Phi

A4 Hybrid structures (% of output) 0.519 0.275 0.244
A5 Clawback 0.501 0.288 0.213
A1 Fixed, escalation & indexation 0.493 0.307 0.186
A2 Floating price, discount to market with caps and floors 0.402 0.356 0.046
A3 Collar and reverse collar 0.399 0.328 0.071

Table 9. Alternatives’ ranking—Scenario 4: Economic criteria.

Codes PPA Alternatives Phi+ Phi− Phi

A2 Floating price, discount to market with caps and floors 0.622 0.269 0.353
A1 Fixed, escalation–and indexation 0.513 0.291 0.222
A3 Collar and reverse-collar 0.482 0.356 0.126
A4 Hybrid structures (% of output) 0.411 0.397 0.014
A5 Clawback 0.391 0.381 0.010

Scenario 2 (Table 7) contains the environmental criteria. Following the results of this
scenario, the fixed, escalation–indexation pricing structure dominated again, followed by
hybrid structures (% of output). The present environmental issues appear to be a global
concern. Emphasis on brand and additionality may lead offtakers to agree on higher-risk
PPA structures (e.g., longer time period) in order to achieve a sustainable strategy. This
structure offers all stakeholders with long-term visibility that is simple to explain and
widely understood. Buyers seek to secure a long-term power price, contributing to overall
environmental sustainability and further supporting green energy, while improving their
position towards the wholesale market.

Scenario 3 (Table 8) includes the social criteria. It seemed that the hybrid structures
(% of output) scored higher than the others, with clawback scoring second place. Failure
to meet buyer expectations can lead to failure of a PPA contract, and social benefits that
derive from agreement by way of social acceptance can be endangered. Buyers seek a
short-term strategy to minimize social risks and a proactive lens to maximize social and
community benefits. Thus, these two structures seem more fitting for organizations that
target short-term benefits in regard to power prices or an inclination towards additional
green power.

Finally, Scenario 4 (Table 9) comprises the economic criteria. In this case, a floating
price and discount to market with caps and floors pricing structure ranked first, followed
by the fixed, escalation andindexation structure already popular to practitioners. The
results can be interpreted from an economic perspective in which developers seek lending
opportunities. Visibility regarding revenue over the PPA term is clearly realized by the
banks, and thus the bankability of the project increases. Banks’ attention to the PPA term
swings away from forecasted wholesale prices, offtakers’ creditworthiness, and contract
strength. Knowing the significance and placement of caps and floors is critical for this
pricing structure. The positioning of the floor, in particular, is critical to the RES project’s
level of income security.
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The three top respondent preferences revealing the PPA structure for achieving each
desired sustainability initiative are highlighted in Figure 7.
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6. Discussion

Existing research on PPAs provides limited direction on how sustainability strate-
gies can be achieved using such bilateral agreements [50]. Most researchers approach
sustainability in projects through the enhancement of all three dimensions of the TBL while
preserving basic principles such as risk, cost, time, quality, and effort within an acceptable
range, which can be vital for PPAs [4,51]. However, in their study, Ray and Chakraborty [52]
indicated the complex and lengthy process of PPA deals under the sustainability concept,
which cannot be identified as a part of the TBL umbrella but rather in terms of the economic
aspect. According to Stanitsas and Kirytopoulos [4], each project’s perspective differs, and
the aspects that contribute to the overall sustainability should be determined case by case.
This should also be the case for PPAs that present elevated intricacy and request careful
consideration in order for practitioners to address the desired sustainability concerns. A
way for practitioners to guide themselves through this process is via the use of TBL-related
indicators as defined in this study.

The objective of this research is to provide an overview of various pricing structures as
well as commentary on risk implications and settlement considerations to assist practition-
ers in understanding the potential alternatives accessible to them. The aim of this research
is to introduce a multicriteria decision analysis-based method, namely PROMETHEE, to
evaluate the implementation of sustainability-related strategies using PPAs. The authors’
intention lies in revealing the PPA pricing structure most appropriate to stakeholders’
needs by using the suggested method to assess alternatives, allowing PPA practitioners
to follow sustainable energy strategies. The authors designed and introduced a succinct,
easily understandable process that is based on 21 predefined sustainability indicators,
which, according to the authors, are of vital meaning when determining PPAs. The pur-
pose of the conducted focus group conversations with the organization’s experts is to
deliver simplicity, proper description, comprehensibility, and suitability in the interest
of this research’s aims and to practically align with practitioners in terms of using the
proposed MCDA method for their sustainability-related needs. This method was chosen as
a way to explore not only individual experts’ views on PPA-related topics but also how
sense-making occurs in action. The PROMETHEE method allowed for the analysis of four
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distinct stakeholder attitude scenarios, depending on the sustainability dimension that the
focus was on, in order to reveal the most fitting PPA pricing structure. In the case examined,
the results revealed a preference towards fixed pricing structures in which a standard price
is introduced, allowing the counterparties to predict their revenues regardless of market
fluctuations. This provides both parties long-term price certainty and greater predictability
in business operations.

In particular, the focus group conversations and the MCDA method, which investi-
gated the abovementioned indicators, contribute to enforcing a solid basis for sustainability
strategies. The combination of these two research methods was intended to draw out the
potential for reaching the aim of this study. This study makes a distinct contribution to
both theory and practice by elucidating fundamental sustainability strategies for PPAs
through the use of sustainability-related indicators at the decision stage, used by PPA
practitioners, thereby enriching the existing body of knowledge. The practical implications
of these findings involve assisting senior management in devising strategies that bolster
the execution of sustainable initiatives. As the PPA theme is constantly evolving and there
is unique and large flexibility in the schemes that can be introduced to constantly changing
European power markets, it is the authors’ belief that the findings generally apply to
most organizations.

The authors’ intention lies in the establishment of a widely accepted strategy through
the use of sustainability indicators at the PPA contractual stage that leads to sustainable
results. The academic contribution of this research focuses on revealing the most fitting
indicators (strategies) as they are communicated from the practitioners’ perspective in
order to deepen the understanding of vital PPA endeavors. PPA practitioners can look
upon these indicators and to aid in achieving sustainable results from future deals.

The methodological limitations of this study stem from the fact that MCDA results
are dependent on post-hoc analysis and may contain inaccuracies. Thus, more studies to
cross-check the precision and the applicability of the extracted indicators for delivering
sustainable results into PPAs are essential. A common limitation of research papers ad-
dressed to results is that, in most cases, they cannot be generalized until they are repeated
in multiple cases. As the feedback received in this study comes only from one large-scale
organization, more participants could differentiate the concluding results.

Finally, future research may focus on the practical, evidence-based experience and
exploitation of these indicators by PPA practitioners in delivering sustainable strategies.
Also, fine-tuning of the alternatives, be they pricing, volume, or other possible alternatives,
for different types of organizations would move this research forward. A potential avenue
for future research could involve examining the feasibility of these indicators before and
during the contract negotiation process. Comparison between the contractual/negotiation
stages of PPAs can reveal valuable assumptions. By considering the constantly transforming
nature of energy markets, it is highly unlikely that the proposed pricing PPA structures
will become any simpler, as they must correspond to a unique risk–benefit balance between
RES producers and offtakers. This allows counterparties to select the PPA structure that
best meets their needs and aids in adapting to volatility in the wholesale power market.

7. Conclusions

Amongst the various PPAs’ advantages (stabilizing electricity costs, hedging, etc.),
PPAs can also be leveraged as a powerful tool for creating sustainability initiatives. They
constitute an outstanding mechanism for environmental sustainability initiatives such as
the displacement of greenhouse gas emissions, cleaner air from reduced pollution, and
water savings. PPA buyers also can utilize energy attribute certificates (EACs) produced
from a project for their own green power, claiming the environmental attributes of the clean
energy the project produces [19,53].

Regarding social sustainability, gains come with community engagement (local in-
frastructure, grants to, services, etc.); local employment, indigenous community benefits
through cultural and landscape protections; actively regenerating landscapes through



Sustainability 2023, 15, 6638 16 of 19

tree-planting, invasive species removal; land for multiuse purposes; co-investment and
co-ownership opportunities, etc.

On the economic sustainability side, PPAs are usually perceived in terms of financing
considerations. As mentioned in the Results section, some pricing structures tend to be
less popular than others; however, counterparties need to find common ground. Both
sides are usually in favor of the long-term price visibility that fixed price PPAs offer, as the
reduced-price visibility lowers the value of the PPA, which is directly related to the RES
asset, and, consequently, acquiring funding from banks is key to these deals.

By utilizing the proposed approach to compare various PPA pricing structures, practi-
tioners can make informed decisions regarding sustainable strategies. The authors devised
an MCDA technique to introduce PPA initiatives transparently and encourage schemes
that enhance the projects’ overall sustainability. A series of key learnings that derive from
this research via the utilization of the proposed model occur for PPA practitioners. It is vital
for PPA tenders and negotiations to include sustainability benefits. A PPA is of enormous
value to both parties, which, if implemented using the MCDA method, provides clarity
and promotes sustainability-oriented schemes.

This paper aimed to reveal the path towards the identification of the most suitable PPA
pricing structure based on stakeholders’ needs using an MCDA-based method, namely
PROMETHEE, that evaluates various alternatives, enabling PPA practitioners to implement
sustainable energy strategies. The methodological approach followed the development of a
concise and understandable process based on 21 predefined sustainability indicators that
they deemed essential when determining sustainability strategies using PPAs. The purpose
of the focus group discussions with the organization’s experts was to ensure that the
proposed MCDA method was simple, clear, and appropriate for the research objectives and
could be practically applied by practitioners for their sustainability-related requirements.
Amongst the comparison of all TBL criteria and the environmental-related ones, the fixed,
escalation and–indexation PPA pricing structure obtained the highest score, showcasing
high applicability when it comes to PPAs; suggesting that the analyzed sustainability
indicators were highly integrated into the internal PPA processes, enabling the achievement
of sustainability strategies. The research revealed that the full spectrum of sustainability
is better addressed by all TBL-related criteria, and the fixed, escalation–and indexation
PPA pricing structure’s top ranking adds further value to this scenario. By evaluating
the social sustainability indicators, the hybrid structures received the highest score (% of
output). When buyers’ expectations are not met, PPA contracts may fail, and social benefits
derived from PPA agreements in terms of social acceptance may be at risk. Buyers prefer a
short-term strategy to reduce social risks and a proactive approach to maximize social and
community benefits. In reference to the economic criteria, the floating price, discount to
market with caps and floors pricing structure dominated. These findings can be understood
from the developer/RES producer perspective, as they seek opportunities for financing.
The banks can clearly see the revenue stream over the PPA term, increasing the project’s
bankability, especially with the placement of a floor that determines the RES project’s level
of income security.

By incorporating sustainability strategies into contracts in a manner that incentivizes
price, the delivery risk is mitigated, ultimately guaranteeing both an increase in final price
and project certainty.

The proposed model urges practitioners to be flexible and collaborative in their ap-
proaches to achieve the best results. By utilizing open-ended criteria as an input for the
model to set the sustainability orientation and provide flexibility, practitioners maintain
dialogue using contract negotiations to deliver sustainability opportunities.

To effectively implement a MCDA-based technique, practitioners need to understand
all available options (anything that can be of use for the sustainability of the project).
They also need to align stakeholders from the beginning of the process and make their
intentions known. Finally, it is important for practitioners to define the shortlisting process
before the request for procurement (RFP) and to identify how they are going to measure
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sustainability success. Ultimately, PPAs will continue to shift organizations in a more
sustainable direction, improving our societies.
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