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Abstract

The transition to cleaner energy technologies and sustainable development requires the

commitment and collaboration of the public and private sectors. Among such collabora-

tions, public–private partnership (PPP) refers to the convergence and complementarity

between public and private actors and represents an organizational arrangement for

addressing strategic sustainability challenges such as reducing carbon emissions and

plays a relevant role in transforming the sector after energy reforms. The rigidity of PPP

schemes introduces certain limitations in adapting to the energy transition and sustain-

ability needs. As a result, several hybrid schemes have emerged from PPPs, which are

focal points in this paper. This article aims to contrast PPPs with emerging hybrid PPPs

to facilitate their understanding. It contributes to the academic dialog on recognizing

the relevance of emerging forms of collaboration in tackling contemporary issues. The

review's primary outcome is a framework of PPPs and hybrid PPPs and the critical chal-

lenges for advancing the energy transition and sustainable development. The contribu-

tions from this study may help policymakers to design suitable tools for incorporating

hybrid PPPs in climate change policies and institutional frameworks. The findings sug-

gest developing mechanisms through which PPPs and hybrid PPPs foster cleaner tech-

nologies, thus improving energy efficiency and access and strengthening energy

security strategies. Further work is needed to address key research issues related to

(i) mechanisms for the institutional alignment of hybrid PPPs, (ii) assuring reciprocity and

commitment, (iii) knowledge management, and (iv) capacity-building.
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1 | INTRODUCTION

Climate change requires urgent actions, including the transition

toward cleaner technologies and sustainable development (Fleta-

Asín & Muñoz, 2021). Current challenges involve technological,

environmental, social, and economic disruptions (Sovacool, 2016;

Wang & Ma, 2021). Forging alliances and cooperation networks is

essential in pursuing this goal (Cruz & Sarmento, 2017; Pinilla-De La
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Cruz et al., 2020). Accordingly, public–private partnerships (PPPs) are

the point of convergence and complementarity between public and

private actors (Jumbe & Mkondiwa, 2013; Morse & McNamara, 2009;

Shahbaz et al., 2020). In particular, scientific research on the role of

PPPs in energy has attracted attention with the advent of global

reforms in the energy sector (Pinilla-De La Cruz et al., 2021;

Sovacool, 2013). Thus, the private sector's involvement in the energy

domain has been propelled since the economic recession of 1970

(Fleta-Asín & Muñoz, 2021; Sovacool, 2013), wherein PPPs became

widely used as part of electricity reform process strategies around the

world (Araquistain Portela, 2020; Gao & Zhao, 2020; Southard, 2010).

The energy transition and evolution of related energy systems have

significantly broadened the role and scope of PPPs to support the transi-

tion toward cleaner technologies and sustainable development (Chen

et al., 2019; De Carvalho, 2018). Per Thomas et al. (2018), the energy tran-

sition requires “scalar lenses” to comprehend and connect the different

contexts in which it occurs (Broto & Baker, 2018; Harrison &

Popke, 2018; Smith & High, 2017; Thomas et al., 2018, p. 184). Recogniz-

ing the multidimensionality of the energy transition is critical for under-

standing the needed transformation in cooperation between actors due to

technical reconfigurations and the social and economic implications of this

phenomenon (Smith & High, 2017; Thomas et al., 2018). It involves the

transition toward creating more sustainable systems for the access and

use of energy resources (Sanderink, 2020; Thomas et al., 2018; Turner

et al., 2003) including the exploration of the circular economy, industrial

ecology, ecological economy and political ecology (Bettencourt &

Kaur, 2011; Seager, 2008; Thomas et al., 2018). Consequently, it is impera-

tive to identify the current limitations of traditional systems to incorporate

alternative responses where cooperation in pursuit of the transition is

effective (Broto & Baker, 2018; Thomas et al., 2018).

Although the relevance of PPPs for reducing carbon emissions is

shown (Raza et al., 2021), and they can play a determining role as a

shortcut for the transformation of the energy sector (Somma &

Rubino, 2016), it would seem that the current PPP schemes have certain

limitations in their formats for the energy transitions. In this sense,

Chaurey et al. (2012) and colleagues argue about the limitations against

the incorporation of innovative technological and institutional solutions

for access to energy aligned to the sustainable development goals

(SDGs) given by the absence of sustainable partnerships adapted to the

new scenarios (Chaurey et al., 2012). In their study on electric vehicle

charging infrastructure, Wang and Ke (2018) highlight that PPPs require

specific adaptations to the new contexts proposed by the energy transi-

tion, which differ from the experiences of infrastructure sectors. Cruz

and Sarmento (2017) indicate that PPP models based on deterministic

planning models on costs, risks, and revenues have proven unsuitable for

uncertainty scenarios. Additionally, typical contract-based models appear

incompatible with incorporating radical innovations and the interaction

of different social actors (Cruz & Sarmento, 2017; Gunawansa, 2011).

Moreover, these authors further expose the need for reforming

PPPs to provide them with greater flexibility in facing smart infra-

structure challenges in the transport, water, energy, and information,

communication and technology (ICT) sectors (Cruz & Sarmento,

2017). Likewise, Klijn and Koppenjan (2016) have studied the

influence of contract length and flexibility on innovativeness in pro-

jects. Notably, from the need of developing innovation, a new field

within the PPP umbrella is under construction and is of great interest

as it provides opportunities to develop and adopt innovative solutions

through collaboration (Weihe et al., 2011). These hybrid schemes are

emerging in the Nordic countries as public–private innovation part-

nerships (PPIs) (Brogaard, 2015, 2017, 2019; Weihe et al., 2011). PPIs

encompass a broad assemblage of formal alliances and collaboration

based on networks between public and private organizations to inno-

vate technologies, processes, and services (Brogaard, 2015).

An ongoing discussion is needed regarding the adequacy of PPP

schemes to face the energy transition challenges and sustainable

development. Indeed, relevant international forums have emphasized

the need to align PPPs with SDGs to improve their broad implementa-

tion in projects for access to clean energy, new energy infrastructure,

and energy innovation (Hancock et al., 2018). SGDs offer a broad

vision that requires the collaborative participation of all social actors.

For instance, Goal 17 seeks to promote new effective forms of collab-

oration and recognizes partnerships as vehicles to mobilize and share

resources and knowledge to achieve the SDGs (Hassan et al., 2019;

Oliveira-Duarte et al., 2021; Tremblay et al., 2020). Inexorably, the

complex nature of sustainability requires additional efforts by govern-

ments, industry, and communities in aligning collaboration to achieve

higher impacts (Owusu-Manu et al., 2020).

In the same vein, the energy transition and sustainability require

systemic approaches beyond the traditional bilateral collaboration since

it is not a confined or linear problem but interconnects multiple actors in

multiple layers with a global impact (Svendsen & Laberge, 2005). As Hel-

deweg et al. (2015) point out, this change process includes “gray areas”
that have not yet been regulated and of which there is no total clarity at

the institutional level, in addition to the overlapping and competing roles

among public and private actors. It is necessary to identify what exists

and works for specific contexts and their limitations. Further, in specific

and complex scenarios, such as the energy sector, alternative PPP

schemes have emerged for the energy transition but do not seem to be

entirely recognized as such in the previous literature. This group

includes many new forms of collaboration typically referred to as

“hybrid PPPs,” which do not have a clear space within the framework of

PPPs (Nel, 2018; Ungureanu et al., 2018; Vikkelsø et al., 2021; Zhu &

Sun, 2020). Indeed, new forms of collaboration can generate social value

in the form of innovative solutions, development, and transfer of new

knowledge, building trust and mutual commitment (LaBerge &

Svendsen, 2000; Svendsen & Laberge, 2005). It is appropriate to expose

this phenomenon to speed up the energy transition and safeguard the

principles in which energy governance is framed when incorporating

alternative models of collaboration within PPPs (Heldeweg et al., 2015).

Against this backdrop, this article aims to contrast PPPs with

emerging hybrid PPPs in the literature to understand emerging forms of

collaboration and their key challenges. In doing so, this article does not

intend to take a normative stand to determine what should or should

not be included within the scope of PPPs. Instead, it aims to under-

stand, based on a conceptual literature review, what kind of schemes

have been classified as PPPs in the existing papers concerning the
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energy sector, as well as the fundamental features of and differences

between these schemes and the critical challenges for advancing the

energy transition and sustainable development. Thus, following the

methodology for conceptual reviews proposed by Hulland (2020), the

present study addresses the following research question: How do

public-private partnerships and hybrid schemes differ in addressing the

challenging transition toward cleaner and more sustainable energy sys-

tems? The primary outcome of the study is a framework for under-

standing PPPs and hybrid PPP schemes. Thus, this paper contributes to

the academic dialog on recognizing the relevance of emerging forms of

collaboration in tackling contemporary issues by exploring the role of

PPPs and emerging hybrid PPPs as well as key challenges of the transi-

tion toward cleaner and more sustainable energy systems.

2 | RESEARCH METHODS

The value of conceptual review papers derives from their ability to

sense the voids requiring urgent recognition and updating current

frameworks. As Hulland (2020, p. 31) states, “Conceptual reviews are

most effective when they synthesize existing findings, identify gaps

and generate new insights, and propose novel ways of thinking about

a phenomenon.” Accordingly, this review take this reference for the

design of the research work.

Figure 1 shows the research outline for conducting this concep-

tual review following a five-stage process proposed by Hulland (2020,

p. 28), that is, (i) defining the focal domain and scope, (ii) capturing and

synthesizing current knowledge, (iii) identifying and resolving contra-

dictory explanations, (iv) identifying gaps, and (v) setting research

agenda, further explained in the text below (Sections 2.1–2.3).

2.1 | Data collection

A systematic search was conducted in Web of Science and Elsevier's

Scopus databases to locate scholarly articles in English, using a search

string that includes “ppps” OR “public private partnership” OR “pub-
lic-private partnership” AND “energy.” Since the acronyms PPP and

PPPs are widely used in other disciplines, we included exclusions to

the search string such as “pentose phosphate pathway,” “purchasing
power parity,” “Poisson point process,” among others. We retrieved

853 records (as of February 8, 2021), resulting in 676 unique items

after eliminating duplications. By performing a screening process, we

first assessed the connection between abstracts with PPPs in energy.

After disregarding irrelevant articles by screening the abstract, the full

texts of the remaining articles were analyzed applying two criteria:

(1) focus on the energy sector, (2) centrality in partnerships reflected

in the whole structure of the article. At the end of the screening pro-

cess, 101 articles had become part of the final sample (see systematic

search and screening process in Figure A1).

2.2 | Data analysis

The data analysis started with an overview of the literature in PPPs in

energy as a first approach to observing the sample's connection with

the energy transition. Subsequently, for capturing and synthesizing cur-

rent knowledge, we proceeded to identify the explicit definitions of

“public-private partnership” or “PPP” in the literature based on the

premise that definitions are the central pivot of any discipline (Ronda-

Pupo & Guerras-Martín, 2012). We identified the key characteristics

of PPPs by carrying out a qualitative analysis of the articles in the

F IGURE 1 Research outline
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sample using the NVivo 12 software package. This process included

identifying constructs that shared commonalities or patterns in the

texts, denoted as codes (see Table B1 and Figure C1) and later com-

bined in higher-order categories. The systematic literature review by

Kohtamäki et al. (2018), the Gioia et al. (2013) methodology was used

as a reference for the analysis. The first outcome of the study at this

instance was the characterization of the concept of PPPs. We

described different categories of hybrid PPPs in the literature via con-

tent analysis. Later, based on the characterization of PPPs and identi-

fication of hybrid PPPs, we analyzed the current limitations of PPPs

and hybrid PPPs to advance the energy transition. We obtained three

outcomes in identifying and resolving contradictory explanations and

identifying gaps as (1) a categorization of hybrid PPPs for the energy

transition, (2) an analytical framework of PPPs and hybrid PPPs, and

(3) a summary of key challenges of PPPs and hybrid PPPs to support

the energy transition. In the final step, we suggested some future ave-

nues for further research.

2.3 | Quality assessment

The study follows the premises to promote rigor proposed by

Sovacool et al. (2018). It also adheres to the four alternative principles,

that is, transparent, inclusive, explanatory, and heuristic, to produce

systematic reviews, as described by Denyer and Tranfield (2009) and

used as quality criteria by scholars (Rojon et al., 2021). First, transpar-

ency is ensured with the open presentation of the research process.

In so doing, we described the research design, including the process

of data collection and data analysis. Therefore, readers can relate the

data, findings, and conclusions. Second, we used as data sources two

of the electronic databases with the highest spectrum of academic

journals (Scopus Elsevier and Web of Science) to guarantee the inclu-

siveness of the relevant literature for the study.

Additionally, the search string was designed to capture studies

focused on the topic of interest. Based on the exclusion criteria, a

screening process was used to obtain the final sample for analysis.

Third, the explanatory principle is presented by contrasting and juxta-

posing the literature and transparent ways of analyzing data, for

example, the decomposition of PPP definitions and subsequent analy-

sis of hybrid PPPs. Finally, the heuristic principle is adhered to by pre-

senting the connection with the context when describing different

hybrid PPPs for the energy transition.

3 | RESEARCH FINDINGS

3.1 | Overview of the literature in public–private
partnerships in energy

The literature on PPPs in energy has its antecedents in the economic

recessions of the 1970s and the following growth in public debt

(Sovacool, 2013). These events led to the transformation of contract-

ing models in the energy sector. Over the next two decades, the

former natural monopolies progressively gave way to new actors and

competitive forces. In the 1990s, a global reform process was consoli-

dated, and at least 60 countries have included PPPs in their gover-

nance schemes (Komendantova et al., 2012; Sovacool, 2013). After

that, and in connection with the growing concern about climate

change and sustainable development (Faulkner, 1995; Zhang &

Maruyama, 2001), the scientific literature compiled this transforma-

tion phenomenon and prepared the ground for the development of a

new stream of research separate from those on the application of

PPPs in other infrastructure sectors. From 2015 onward, the volume

of scientific production in PPPs in energy has intensified in energy

efficiency and agro-energy applications in Europe and waste-to-

energy and electric vehicle charging infrastructure in China (Manos

et al., 2014; Xu et al., 2015; Yang et al., 2016). A key aspect in the lit-

erature is the persistence of sustainability (Arbulú et al., 2017;

Bougrain, 2012; Sheng et al., 2020), clean energy (Atmo &

Duffield, 2014; Feng et al., 2021; Raza et al., 2021), and the energy

transition (De Carvalho, 2018; Koengkan, 2020) as the motivation for

research.

An interesting aspect of the literature is how the concept of PPP

has been used over time. It should be noted that the current

approaches differ from the studies published in early 2000. In the

early studies, PPP appears to strengthen the electricity supply and

facilitate energy access. Over time, several studies focused on identi-

fying critical success factors (CSF), while others discussed the role of

PPPs within new energy efficiency schemes. The latest studies show

PPPs as a mechanism for developing emerging technologies such as

hydrogen applications, and a substantial change occurred in discourse

toward a discussion on the explicit role of PPPs in reducing CO2 emis-

sions and climate change. It reveals how PPP plays a relevant role in

moving toward sustainable development.

3.2 | Analysis of definitions of public–private
partnerships

Scholars have highlighted the lack of consensus in the literature on

a universal definition of PPPs (Ahmad & Raza, 2020; Araquistain

Portela, 2020; Di Liddo et al., 2019; Rossi et al., 2019; Shahbaz

et al., 2020). According to Heldeweg et al. (2015, p. 3), based on

Bloomfield (2006), some ambiguities emerge from what is known as

the “container concept” attributed to PPPs. However, analysis of

the previous definitions brings a better understanding of the central

characteristics of PPPs. We identified 65 explicit definitions of PPPs

in the literature (see studies in Table D1). A significant number of

them are derived from the definitions proposed by international

organizations such as the World Bank, European Commission, the

Asian Development Bank, United Nations, and the Organization for

Economic Co-operation and Development (OECD). Our analysis

indicates the presence of six elements in the definition: (i) form,

(ii) purpose, (iii) timeframe, (iv) stakeholders, (v) risk, reward,

resource and responsibility-sharing, and (vi) critical success factors

(Figure 2).
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Each of the six elements in Figure 2 encompasses the key charac-

teristics of PPPs. From this analysis, it is possible to observe how the

“form” of PPPs is mainly described as a “contractual,” “cooperative”;
further, several authors refer to a PPP as an “agreement,”
“collaboration,” and “broad assortment of relationships”. There are

also other “forms” identified in the analysis, such as “hybrid” (one

time) (Nel, 2018) and “voluntary effort” (one time) (Fecondo &

Moca, 2015), mainly originated from authors approaching hybrid

PPPs. On the other hand, in terms of the “purpose,” the finding indi-

cates that PPPs are oriented to provide public assets, infrastructure

and/or services, and activities related to financing, construction, reno-

vation, management, and maintenance infrastructure or service. Con-

cerning the timeframe, PPPs lean substantially toward long-term

relationships. In terms of “stakeholders,” there is consistency in the

convergence of public and private actors. Regarding the “risk, reward,

resource and responsibility-sharing” in PPPs, most agree that the rela-

tionship involves sharing responsibilities, risks, revenue, and costs.

Only some definitions refer to “critical success factors,” where

scholars highlighted the relevance of private sector's engagement,

focusing on a specific goal, and goal alignment.

3.3 | Hybrid public–private partnership schemes:
Developing a categorization

Although there is no clear border between PPPs and hybrid PPPs, we

searched for hybrid schemes in the literature. Surprisingly, almost

30% of the literature reviewed refers directly or indirectly to variants

of PPPs, although our search string does not include any explicit key-

word concerning the hybrid schemes. Those hybrid PPPs appear with

different labels and descriptions; however, they pursue the ultimate

goal of the energy transition from diverse approaches. Based on the

findings, we gathered those examples of hybrid PPPs and classified

them according to their approach or purpose (Table 1).

In Table 1, we described 15 examples of hybrid schemes classified

into five categories. These hybrid PPPs correspond to specific

approaches contributing to the energy transition. Those categories are

energy security (Arbulú et al., 2017; Heldeweg et al., 2015; Nel, 2018),

energy efficiency (Bougrain, 2012; Martiniello et al., 2020; Zhang

et al., 2018), energy technology development (De Carvalho, 2018;

Foley et al., 2011; Hancock et al., 2018; White, 2004), energy access,

and promoting and supporting energy initiatives (small-scale and

bottom-up; Otsuka & Cheng, 2020; Sanderink & Nasiritousi, 2020;

Figure 3).

Figure 3 illustrates how the five categories of hybrid PPPs can be

articulated to achieving energy transition goals. There are different

motivations for hybrid PPPs to emerge; for example, the so-called

Type II partnerships have originated from international events such as

the Johannesburg Conference in 2002 as an instrument to fulfill

Agenda 21 (Abbott, 2012, p. 548). Type II partnerships are transna-

tional partnerships providing financial or regulatory support for initia-

tives oriented toward sustainable development and energy transition

(Abbott, 2012; Sanderink & Nasiritousi, 2020).

3.4 | Public–private partnerships and hybrid
schemes: How do they differ in addressing the
challenges of the energy transition and sustainable
development?

As mentioned above, we found that most of the studies in our sample

are related to the transition toward cleaner and more sustainable

energy systems. However, since partnerships can have different ori-

gins, some could be derived from government strategies closely

aligned with infrastructure practices, others can be bottom-up initia-

tives or a combination of both. As a result, there may be variations

between how PPPs and hybrid PPPs respond to the energy transition.

Based on the characterization of PPPs and the identified categories of

F IGURE 2 Characteristics of
public–private partnerships from the
definitions. Source: See sources in
Appendix D
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TABLE 1 Hybrid public–private partnerships for the energy transition

Example

Energy security IPP—independent power

producer

It focuses on new generation infrastructure projects. IPP is the label of the private

energy producer, but it is also recognized as such as a hybrid scheme of

collaboration (Nel, 2018). The significant distinctions of IPP is that they do not

provide a service on behalf of the public authority, and the public authority does

not have direct or indirect control over the private entity in this hybrid form

(Nel, 2018, p. 42).

PPA—power purchase

agreements

It is a contractual figure between the state electricity companies and the private IPP,

which is generally oriented toward a long-term relationship (Baylis, 2000;

Lesser, 2008; Salci & Jenkins, 2018; Tobey & McGinnis, 2018; Weiss & Sarro, 2013;

Weisser, 2004; Wiser, 1998).

Environmental partnerships The main goal is to guarantee environmental quality and, at the same time, can be a

complementary strategy of energy supply—for example, waste-to-energy projects

(Arbulú et al., 2017, p. 917).

Private–private partnerships Form of collaboration in areas that are not fully regulated yet due to the energy

transition. One example is private companies such as biogas suppliers, energy

companies, and network operators in the Netherlands (Heldeweg et al., 2015). At

first glance, they may appear to be private partnerships; however, after an

exhaustive analysis of official documents, they should be labeled as “hybrids” or a
“particular type of PPP” (Heldeweg et al., 2015, p. 11) because they are governed

by the rules for the provision of public services and comply with the principles of

energy governance.

Energy efficiency ESCO—Energy Service

Company, ESPC—Energy

Saving Performance

Contract, EPC—Energy

Performance Contract

The EPC is widely used in the European market to carry out energy efficiency

programs, including energy savings, energy audits, and technology modernization

projects. This scheme pursues a long-term relationship in essence (Martiniello

et al., 2020). EPCs are organized by a private company, generally an energy services

company (ESCO) (Martiniello et al., 2020).

The energy-saving performance contract (ESPC) is a type of structure used in PPP

projects related to energy efficiency, refurbishment or upgrades (Tobey &

McGinnis, 2018).

Although several authors state that these schemes can be classified as PPP, this

notion is not totally shared in the academic arena (Burger & Hawkesworth, 2011;

Dastig, 2009; Martiniello et al., 2020, p. 2).

TES—thermal energy services Here, public energy service companies act as energy providers to partner with an

institution or company to improve heating systems. For example, many TES in

infrastructures belong to British Columbia school districts (Jensen &

Dowlatabadi, 2018).

PPP-BR green renovations PPP-BR aims to reconstruct existing building infrastructure to achieve green quality

and green standards, including improved energy savings and reduced emissions and

waste (Yang et al., 2019).

City-level partnerships City-level partnerships focus on initiatives related to energy efficiency and clean

technologies (Andonova et al., 2009; Galli & Fisher, 2016; Jänicke & Jörgens, 2009).

VA—Voluntary agreements VA aims to achieve energy efficiency flexibly and cost-effectively (Zhang et al., 2018).

VAs are typically bottom-up approaches mobilizing potential energy savings that

would be difficult to achieve with traditional command-and-control approaches.

The operating mechanism is based on a negotiation between the government and

individual private companies or industry associations to determine individual

energy-saving targets (Zhang et al., 2018). The parties join in a relationship by

signing a “non-mandatory type of VA” (Zhang et al., 2018, p. 282).

Energy access 5Ps—pro-poor PPPs 5Ps aim at providing energy access to remote communities (Chaurey et al., 2012;

Sovacool, 2013; Wentworth & Makokera, 2015). Here, communities not only

receive benefits but are also stakeholders involved (Chaurey et al., 2012), such as

public entities, private companies, multilateral development banks, microfinance

institutions, service companies, energy companies, non-profit organizations,

research, and academic institutions and members of civil society (Chaurey

et al., 2012; Sovacool, 2013; Wentworth & Makokera, 2015). Although these

programs are fundamentally based on public or private subsidies, they also include

innovative and sustainable business concepts to advance the diffusion of clean

technologies (Kouassi & Pineau, 2011; Sovacool, 2013).
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TABLE 1 (Continued)

Example

Energy technology

development

Technology development

partnerships

Collaborations between universities, public institutions and private companies to

develop research on energy efficiency at a technical level and financial models,

intellectual property, and all aspects for adopting technologies in a specific context

(Foley et al., 2011).

Voluntary technology

development

These schemes seek to achieve technological innovation, for example, the

development of clean technologies through collaboration among those

organizations interested in the same issue (White, 2004). These collaborative

initiatives often use decentralized decision-making models.

Promoting and supporting

energy initiatives

Type II partnerships

Deliberative partnerships Stakeholders, such as civil, market, and government work on problems related to a

local need, such as adopting cleaner energy technologies (Forsyth, 2005).

Multi-stakeholders

partnerships

This scheme can vary in terms of scale, functions, setting, structure, funding and

effectiveness (Andonova & Levi, 2003; Hale & Mauzerall, 2004; Pattberg

et al., 2012; Sanderink & Nasiritousi, 2020; Sovacool & Van de Graaf, 2018;

Szulecki et al., 2011). One of the most successful examples is the renewable energy

and energy-efficiency partnership (REEEP). This scheme started in 2002 to finance

clean energy and energy-efficiency projects developed by small to medium

companies in emerging markets and developing countries (Sanderink &

Nasiritousi, 2020). In REEEP, more than 300 members of public and private entities

intervene (Sanderink & Nasiritousi, 2020). Country governments and donations

back the financing mechanism for supported projects from private contributors

(Sanderink & Nasiritousi, 2020).

Global partnerships Voluntary initiatives to respond to challenges such as energy and sustainability goals

(Otsuka & Cheng, 2020). Otsuka and Cheng (2020) show the United Nations

Environment Program (UNEP) partnerships as an example of global partnerships.

F IGURE 3 Articulation of hybrid public–private partnerships to achieve the energy transition
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hybrid PPPs, we created a framework showing these two parallel

approaches (Figure 4).

This framework in Figure 4 does not intend to arrange hybrid

PPPs as a homogeneous group but make some relevant aspects from

the literature visible and pave the way to identify their current chal-

lenges. In doing so, the six characteristics presented are discussed

below (Sections 3.4.1–3.4.6) based on the commonalities and differ-

ences identified in the literature between PPPs and hybrid PPPs.

3.4.1 | Form

Scholars argue that PPP contracts are not flexible in incorporating

changes during a project's life cycle, which leads to costly renegotia-

tions and could be an obstacle against innovations (Bougrain, 2012).

However, the energy transition is opening an avenue for enhancing

community participation in energy markets; further, new energy sce-

narios include the implementation of both top-down and bottom-up

initiatives (Dinica, 2008a; Grotenbreg & van Buuren, 2017). In con-

trast, hybrid schemes rely more on negotiated forms or even

voluntary forms, based on the premise of building a solution from col-

lective efforts (Galli & Fisher, 2016). Zhang et al. (2018) and

White (2004) refer to these new PPPs as voluntary agreements. Nev-

ertheless, inexorably, a PPP formed to support the energy transition

will face challenges relating to the implications of voluntary and

bottom-up approaches, particularly in the risk of lack of reciprocity

and commitment of parties involved (Heldeweg et al., 2015). There-

fore, PPP depends on a solid institutional foundation; otherwise, the

legitimacy of the relationship can be undermined.

3.4.2 | Purpose

The response to the challenges of sustainability and the particularities

of the energy sector have led to creating customized partnerships for

these purposes. Hancock et al. (2018) stated the relevance of aligning

PPPs with SDGs. In particular, new forms of PPPs can be crucial to

achieving Goal 7 related to promoting access to energy and new

energy solutions, as well as Goal 9, in terms of ensuring energy secu-

rity through building resilient, inclusive and innovative systems

F IGURE 4 Framework for analyzing public–private partnerships and hybrids public–private partnerships
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(Hancock et al., 2018). While there are guidelines for implementing

PPPs in infrastructure, these new forms of collaboration in the

energy sector also require knowledge management for satisfactory

implementations.

3.4.3 | Timeframe

PPPs, per se, have a prominent orientation toward long-term relation-

ships. Indeed, PPPs have durability for several reasons: (i) the private

actor is expected to carry out activities on behalf of the public author-

ity during the project's life cycle (Martins et al., 2011; Yang

et al., 2019); (ii) large-scale projects are characterized by slow pay-

back; and (iii) a long-term relationship guarantees energy-purchasing

conditions to reduce the uncertainty of renewable-energy projects.

Overall, hybrid PPPs are also aimed at building relationships that last

over the long term. However, in some hybrid PPPs, financial sources

pose difficulties in ensuring lasting relationships, for example, schemes

depending on subsidies, grants, or donors.

3.4.4 | Stakeholders

Unlike PPPs, hybrid schemes tend to be more decentralized, participa-

tory and inclusive (Forsyth, 2005). Different social actors will inevita-

bly enter the energy arena during the transition toward cleaner and

more sustainable systems, such as small private enterprises, citizen

organizations, research institutions, academia, non-profit organiza-

tions and consumers (Forsyth, 2005). As Grotenbreg and van

Buuren (2017) note, the energy sector is a rapid technological evolu-

tion scene featuring bottom-up initiatives, leading to building partner-

ships. In particular, public authorities assume facilitating roles and

transfer leadership positions to actors outside the public sphere

(Grotenbreg & van Buuren, 2017). The distinction between public and

private actors is blurred since their roles intersect and overlap. In this

context, public entities without a statutory power mandate and even

private actors can perform as functional public authorities (depending

on the specific case and regulation; Heldeweg et al., 2015). One of

the most significant challenges in encouraging the participation of

new stakeholders is to clarify who can exercise public authority and

how new actors are institutionalized within PPPs.

3.4.5 | Risk, reward, resource, and
responsibility-sharing

Innovation is the central axis of the energy transition, as the develop-

ment and adoption of new technologies can provide growth opportuni-

ties (Phang, 2020). However, overcoming technical and commercial

barriers requires flexibility and adaptation. Although technological risk

takes on major significance in these contexts, the literature on PPPs

shows that new risk management approaches involving different levels

of innovation incorporations seem scarce. As Phang (2020) highlights,

innovation in the energy transition context requires recognizing techno-

logical risks and adopting new business models, and hybrid PPPs, partic-

ularly schemes where the source of funding includes grants or

donations, present challenges to ensuring the sustainability of

partnerships over time, given the significant financial risk (Chaurey

et al., 2012).

3.4.6 | Critical success factors

For hybrid PPPs, in addition to the CSFs mentioned in Section 3.2,

other factors are also crucial for successful implementations. For

example, in EPC, ESPC, and ESCOs, an adequate accounting

framework and institutional capacity for risk allocation purposes

TABLE 2 Key challenges of public–private partnerships and
hybrid public–private partnerships for the energy transition

Characteristic
Key challenges to support the energy
transition

Form There is no complete alignment of PPPs

and hybrid PPPs. Legitimacy and

institutional alignment are key

challenges.

In hybrid PPPs, the key challenge is

guaranteeing reciprocity and

commitment, particularly in voluntary

schemes.

Purpose There is no clear space in PPPs not

strictly related to infrastructure and

associated services.

A strategy for structuring the

information related to sector-specific

practices in PPPs and hybrid PPPs is

relevant for further successful

implementations

Timeframe The durability of hybrid PPPs is a

challenge considering the financial

constraints of new business models in

hybrid PPPs.

Stakeholders There is no clear space for the

participation of different social actors

in PPPs.

Defining the representative authority in

hybrid PPPs when activities are not

fully regulated is a key challenge.

Risk, reward, resource,

and responsibility-

sharing

PPPs' risk management approaches

could be limiting when dealing with

technological innovations and/or

multiple PPPs stakeholders.

In hybrid PPPs, a key challenge is to

achieve a well-balanced risk allocation

when meeting current institutional

frameworks.

Critical success factors Building trust in hybrid PPPs is a

challenge, particularly in voluntary

schemes.

Abbreviation: PPPs, public–private partnership.
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are critical for achieving win-win conditions (Carbonara & Pellegrino,

2018). Moreover, in environmental partnerships, a solid institutional

framework and strategic vision are crucial to reducing risk significance

(Arbulú et al., 2017). Regarding bottom-up initiatives and voluntary

agreements, it is essential to guarantee accountability and transparency

(Muleya et al., 2019) and high levels of trust to facilitate the decision-

making process (Zhang et al., 2018).

4 | DISCUSSION ON EXPANDING
RESEARCH AGENDA

How do public-private partnerships and hybrid schemes differ in

addressing the challenges of the transition toward cleaner and more

sustainable energy systems? This study highlights the neglected role of

PPPs and emerging variants of PPPs, so-called by scholars as “hybrid

TABLE 3 Overview of the
research work

Stage Outcome Key aspects

Literature on PPPs in energy

Characteristics of public–private
partnerships PPPs from definitions:

• Form: contractual relationship

• Purpose: providing public infrastructure

and/or services

• Timeframe: long-term

• Stakeholders: public and private entities

• Risk, reward, resource and responsibility

sharing: sharing responsibilities, risks,

revenue and costs

• Critical success factors: engagement of

private sector, focus on specific goal and

goal alignment

• Energy security

• Energy efficiency

• Energy access

• Energy technology development

• Promoting and supporting energy

initiatives

Hybrid PPPs emerge as top-down and

bottom-up initiatives as a result of the

need to migrate toward cleaner and more

sustainable energy systems.

• Broad assortment of relationships

including voluntary agreements, hybrids

and contractual.

• Multiple social actors participate in these

arrangements.

• New approaches for risk sharing and

business models.

• Critical success factors are appropriate

risk management, trust building and

accountability.

• Lack of flexibility in PPPs as well as a

lack of clear space for other purposes

not strictly related to infrastructure and

associated services, for example

technology development, and the

participation of different social actors.

• Lack of alignment of PPPs and emerging

hybrid PPPs.

• Mechanisms for the institutional

alignment of hybrid PPPs.

• Mechanisms for assuring reciprocity and

commitment.

• Knowledge management

• Capacity building

Abbreviation: PPPs, public–private partnership.
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PPPs” in the energy transition context. As noted in the literature, exis-

ting divergences on the scope of PPPs have profound effects on how

collaborations occur, and propose relevant challenges when facing

cross-cutting changes in energy systems toward sustainable develop-

ment (Table 2). However, to the extent that this phenomenon

becomes visible, research efforts can be oriented to explore

it. Notably, the dissimilarities in the partnership's form

(e.g., contractual vs. voluntary) reflect how, alongside the top-down

initiatives formalized in contractual PPPs, there are also bottom-up

initiatives from multiple social actors. Furthermore, some partnerships

emerge in incomplete institutional frameworks, posing ambivalences

related to their adherence to PPP schemes, even when they comply

with energy governance principles. Hence, PPPs and hybrid schemes

are highly dependent on the specific context where they are applied.

As described in Table 2, the first challenge of PPPs and hybrid

PPPs is recognizing hybrid forms and their institutional alignment. This

aspect can significantly influence the risk aversion in projects. Since

emerging hybrid PPPs do not present visible incorporation into institu-

tional frameworks and current PPP guidelines, there is a call for

research on developing adequate mechanisms to address this issue and

strategies that guarantee reciprocity and commitment. Such a study

would require the participation of practitioners, policymakers, multilat-

eral organizations, civilians, and the scientific community in reconciling

ideas and conceptions about how PPPs is adapted to current collabora-

tion needs. Research efforts should also focus on developing strategies

for knowledge management of PPPs and hybrid PPPs in the energy

sector, providing project-implementation guides according to the par-

ticularities of this sector. Since the energy transition is oriented toward

increasingly decentralized and participatory systems, it is necessary to

find paths for different social actors to collaborate in the energy transi-

tion. One of the critical aspects is to clarify the representativeness of

public and private stakeholders in PPPs and hybrid PPPs.

Regarding the operationalization of risk-sharing principles, it is

necessary to reconcile hybrid PPPs with the institutional frameworks

in accounting forms to achieve a win-win relationship that encourages

private actors' participation. Simultaneously, the development of alter-

native approaches to risk management is required for high technologi-

cal, market, and regulatory risks in the energy transition context.

Finally, a fundamental aspect in PPPs and hybrid PPPs is how to build

trust for decision-making, taking into account that technological pro-

gress, as well as changes in the market and regulations, require agile

adaptation, stakeholders' alignment and, above all, a high level of

trust. In summary, the research agenda should include the following:

• Mechanisms for the institutional alignment of hybrid PPPs: Alignment

of bottom-up initiatives with institutional frameworks, accounting

approaches and public repressiveness of social actors.

• Mechanisms for assuring reciprocity and commitment: Development

of frameworks for assuring legitimacy in hybrid PPPs.

• Knowledge management: Developing a knowledge management

strategy for PPPs and hybrid PPPs in sector-specific features as

well as new risk management approaches, sustainable business

models and CSFs.

• Capacity building: Capacity building in achieving goal alignment,

trust-building, accountability, stakeholders´ engagement and value

creation.

5 | CONCLUSIONS

This article attempts to unveil an overlooked phenomenon in the liter-

ature, such as the existing differences between PPPs and hybrid PPPs

in addressing the energy transition. Our analysis examines the defini-

tions of PPPs used by the authors. In this analysis, six conceptual ele-

ments emerged in the definitions: PPP form, purpose, timeframe,

stakeholders, risk, reward, revenue and responsibility-sharing, and

CSFs. Alongside the decomposition of the definitions, several exam-

ples of hybrid PPPs were also identified in the literature targeting vari-

ous purposes related to the energy transition, such as energy

technology development, energy access, energy security, and energy

efficiency. The definitions of PPP and hybrid PPPs were used to

develop an analytical framework to contrast similarities and differ-

ences. Overall, we found the need for research on the institutional

alignment of PPPs and hybrid PPPs, mechanisms for assuring reciproc-

ity and commitment in hybrid schemes, and developing a strategy for

knowledge management and capacity building public–private collabo-

ration in energy. Table 3 provides an overview of the research work

regarding the primary outcomes and key aspects of the five-stages

process approached in this conceptual review paper.

5.1 | Conceptual contributions and policy
recommendations

The value of this paper is threefold. First, it clarifies the concept of

PPP and offers a guide for understanding the differences between the

various related concepts used in the literature. Second, it exposes the

challenges to advancing the energy transition from existing ambiva-

lences between PPPs and hybrid PPPs. Third, it shows the increasingly

innovative responses from various social sectors to join forces to face

energy transition and sustainability challenges. This paper is the first

study that directly approaches this phenomenon from the literature of

PPPs in energy to the best of our knowledge. Several scholars have

made other efforts along the way in exploring hybrid PPPs based on

empirical evidence (Heldeweg et al., 2015; Nel, 2018). Additionally,

this article points out the critical research areas to focus on advancing

the energy transition from collaboration schemes.

The present study is not limited to summarizing the extant litera-

ture. It also identifies, analyzes, and presents a relevant research gap

with a potentially significant impact on contemporary social issues

such as the energy transition. Furthermore, this research work pro-

vides several research outcomes that may be useful for future

research, for example, (i) characterization of PPPs; (ii) classification of

hybrid PPPs; (iii) analytical framework of PPPs and hybrid PPPs;

(iv) synopsis of the key challenges for the energy transition; and

(v) identification of research focus areas.
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Besides, this study points to several implications for managers

and policymakers. Concerning the managerial implications, the study

summarizes how various hybrid PPP schemes have emerged to face

challenges such as expanding access to energy, energy technology,

energy efficiency, transnational cooperation, and initiatives on a

smaller scale. In this study, practitioners can directly connect PPP and

hybrid PPP as collaboration schemes with energy sector experiences.

Similarly, the six criteria derived from the PPP definitions can charac-

terize control items for new PPP energy projects.

As in every study, this article has inherent limitations. First, the

data capture and synthesis process have inherent limitations arising

from the systematic search. Second, although two of the most com-

prehensive databases for bibliometric studies were used, a few articles

that can only be found in other databases may have been missed.

Therefore, other databases were reviewed to identify missed studies,

but no relevant articles were found. Finally, although the data selec-

tion and analysis were exhaustive, some data may have been omitted.

Regarding the implications for policymakers, first, the study pro-

vides an avenue to design appropriate mechanisms for the formal

alignment of hybrid PPPs in climate change policies and institutional

frameworks. Second, a clear picture of PPPs and hybrid PPPs helps

one understand opportunities from bottom-up initiatives. Third, the

findings could lead to new mechanisms for PPPs to foster emerging

technologies and business opportunities in the energy transition con-

text. Last, this article's contributions could help policymakers facilitate

access to funding schemes and broader collaborations.
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APPENDIX A

SYSTEMATIC SEARCH AND SCREENING PROCESS

APPENDIX B

CODING PROCESS OF PUBLIC–PRIVATE PARTNERSHIP

DEFINITIONS

APPENDIX C

DATA STRUCTURE

F IGURE C1 Data structure of public–private partnership
definitions: From codes to aggregate dimensions

F IGURE A1 Systematic search and screening process. Adapted
from Moher et al. (2009)

TABLE B1 Example of coding process

Code Text

Public assets-infrastructure

and-or services

“delivering infrastructure or public

services”

“delivery of services or facilities

for public use”

Legally binding contract “Legally structured partnership”

“Legally-binding contract”

Long-term “long-term relationship”

“long-term”
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APPENDIX D

LIST OF STUDIES OF PUBLIC–PRIVATE PARTNERSHIP

DEFINITIONS

TABLE D1 List of studies where public–private partnership
definitions were identified

List of studies

Fleta-Asín and Muñoz (2021)

Raza et al. (2021)

Araquistain Portela (2020)

Sheng et al. (2020)

Panteli et al. (2020)

Bai and Zhang (2020)

Wang et al. (2020)

Ahmad and Raza (2020)

Koengkan (2020)

Martiniello et al. (2020)

Khan et al. (2020)

Shahbaz et al. (2020)

Gao and Zhao (2020)

Di Liddo et al. (2019)

Fang et al. (2019)

Wang and Zhang (2019)

Tang et al. (2019)

Saadeh et al. (2019)

Rossi et al. (2019)

Lugaric et al. (2019)

Cui et al. (2019)

Muleya et al. (2019)

Tobey and McGinnis (2018)

Wang and Zhang (2018)

Jensen and Dowlatabadi (2018)

Gao and Zhao (2018)

Liu and Wei (2018)

Carbonara and Pellegrino (2018)

Wang and Ke (2018)

Nel (2018)

Stritzke (2015)

Akcay et al. (2017)

Rehman et al. (2017)

Arbulú et al. (2017)

Owusu-Manu et al. (2017)

Somma and Rubino (2016)

Heldeweg et al. (2015)

Xu et al. (2015)

Fecondo and Moca (2015)

Copiello (2015)

Wentworth and Makokera (2015)

(Continues)

TABLE D1 (Continued)

Fantozzi et al. (2014)

Sovacool (2013)

Jumbe and Mkondiwa (2013)

Benkovic et al. (2013)

Chaurey et al. (2012)

Martins et al. (2011)

Dinica (2008b)

Lukamba-Muhlya and Uken (2006)
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