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Summary 

The transformation of the energy system will require massive investments in the coming years. The 
total global investment requirement from 2018-2050 is estimated at 110 trillion US dollars. The 
magnitude of the investment needs makes it clear: investments are needed by all actors. An 
increasingly important role is played by citizens. They can invest individually and become 
prosumers (self-consumers of self-generated electricity) or they can organize themselves in 
bottom-up models such as Energy Communities, Community Energy or Local Energy Initiatives 
and jointly finance the investment costs.  

But how is financing actually defined? What are the financing instruments? And what are the 
connections between financing (-instruments) and the energy transition? And what role do bottom-
up models play in the energy transition? The aim of this paper is to trace and illustrate the links 
between financing, energy and the current role of bottom-up models in financing of the energy 
transition.  

Financing can be understood in two different ways. In an energy economic sense, financing means 
the refinancing of capital employed. This includes energy sector regulations such as energy market 
design, environmental policies or private contracts. In a managerial sense, financing means the 
procurement of funds. A distinction can be made here between private and public financing. Not 
least because of the great importance of the regulatory framework, both aspects - energy policy 
instruments and financing in the managerial sense - are interrelated: The type and scope of the 
design of the financial requirement (e.g., the implemented support programs) directly influence the 
coverage of the financial requirements in the managerial sense. In the context of this study, we 
provide a brief overview of the various financing instruments. The financing instruments have 
already been intensively researched. For bottom-up models it emerges that risk-minimizing, 
transparent instruments such as FITs are advantageous. However, the question arises as to what 
overall effects on the system the various financing instruments have. 

Based on a literature review on energy and financing, four perspectives were identified that have 
been discussed in past research. These include: micro-level perspectives, policy perspectives 
("sustainable finance discourse"), system-level perspectives and literature studying the effects of 
developments in the energy sector on financial markets ("energy-to-finance"). Each of these 
perspectives contains elements of all three approaches to the topic of financing (managerial, 
energy economic, regulatory). 

Looking at the bottom-up models, it is clear that considerable changes have taken place in recent 
years. Both technological progress, which has facilitated decentralized energy generation, and 
regulatory interventions, such as the Clean Energy Package, have strengthened bottom-up models 
in recent years. While research on bottom-up models has been conducted in the past in several 
countries with well established bottom-up models, research needs to be extended to other 
countries in order to generate transferable results. It is also clear that bottom-up models bring new 
challenges. One example is a tradeoff between investor risk management and the ability to finance 
bottom-up models. This also needs to be addressed in further research.  
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About the junior research group 

For the energy transition in Germany to succeed, the energy system must be redesigned: On the 
one hand, many decentralized actors must be integrated, both technically and organizationally. On 
the other hand, the newly emerging polycentric energy system must be designed in a sustainable 
way – in other words, higher-level rules should focus on environmentally, economically and socially 
just implementation. How do current framework conditions and institutions have to change for this? 
The junior research group "SteuerBoard Energie", funded by the Federal Ministry of Education and 
Research (BMBF) within the funding program "Junior Research Groups in Social-Ecological Re-
search", is investigating this question in six qualification theses. Based on the concept on polycen-
tric governance, the researchers are investigating two particularly relevant influences in the trans-
formation as key topics: digitalization and financing. In the area of digitalization, the question is 
which sustainability potentials digitalization contributes to the energy sector and, in particular, to 
what extent these sustainability potentials support or enable polycentric approaches. With regard to 
financing of the energy transition, the research team is examining institutions and actors, legal 
framework conditions and, in particular, looking at possible financing solutions for the expansion of 
decentralized renewable energies. 
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 Introduction 
With the Paris Climate Agreement and subsequent global initiatives, countries around the globe 
have developed financial strategies to meet these goals. Financing enables the necessary transi-
tion of the energy system and is decisive for an increased transition speed (BDEW 2019; Polzin et 
al. 2017; WBGU 2012). The financial sector can have both a retarding and an accelerating effect 
on the energy transition – the former e.g. through crises (financial crisis of 2007-2008, COVID-19), 
risk management regulations (Basel IV) (Gaumert 2019) or changes in investment rules (e.g. Ger-
man Capital Investment Code) (Holstenkamp 2014); the latter e.g. through sustainable finance reg-
ulations (RNE 2019; Wierling et al. 2018) or co-evolutionary processes (Hall et al. 2018; Hall et al. 
2016). 

In the context of the transition of the energy system, the term “financing” covers two different as-
pects (Güsewell et al. 2021): 

– In the energy economic sense, "financing" usually refers to the refinancing of investments in 
renewable energy plants, electricity, gas and heat grids or plants for heat generation. In this 
context, state intervention is also referred to as "support scheme". In financial terms, this con-
cerns the question of how to structure financial requirements. Revenues mainly formed by en-
ergy market design, environmental policies and/or private and public contracts are used to “re-
finance” investments into powerplants. 

– In a managerial sense, financing refers to the coverage of financial needs. Here we distinguish 
public from private instruments and actors. Both public and private financiers can generally 
provide financial means in the form of equity, mezzanine or debt capital. 

Not least because of the great importance of the regulatory framework, both aspects – energy pol-
icy instruments and financing in the managerial sense – are interrelated: The type and scope of the 
design of the financial requirement (e.g., the implemented support programs) directly influence the 
coverage of the financial requirements in the managerial sense (Figure 1Figure 1). 

 

Figure 1: Financing Terms in the Context of the Energy Transition 
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Estimates of global financial needs differ in detail, but indicate the massive flows of capital needed 
to reach the global goals: The International Renewable Energy Agency (IRENA) estimates that the 
decarbonization of the global energy sector needs cumulative investments of at least US$ 110 tril-
lion between 2018 and 2050 (IRENA 2018). Similarly, the International Energy Agency (IEA) states 
that more than US$ 2 trillion p.a. in clean energy investments are needed globally to “keep the door 
open for a 1.5 °C stabilisation” (IEA 2021). This would mean more than triple of the investments 
made in 2021. Clean energy investments would need to double to reach the 2 °C target (IEA 2021). 
According to HSBC, the world needs to invest US$ 6-8 trillion per year by 2030 to keep the global 
temperature rise below 2 °C, while current levels only amount to US$ 1 trillion p.a. at best (Klier 
2019). 

Against this background it is obvious, that efforts must be made at all levels to make the necessary 
investments to achieve the climate goals. A special role will be played by citizens, who will become 
part of the energy transition in various forms (referred to here as bottom-up models). This is also 
anchored, for example, by the European Union (EU) in the Clean Energy Package that aims at put-
ting citizens at the core of the energy system (European Commission 2019). 

The aim of this paper is to trace and illustrate the links between financing, energy and the current 
role of bottom-up models in financing of the energy transition. To this end, we review the literature 
on the relationship between energy and financing and group the identified papers into different 
strands that we preliminarily assign to “micro”, “policy”, “system” and “energy-to-finance” perspec-
tives (Chapter 2), which include elements of all three approaches to the topic of financing outlined 
above (managerial, energy economic, regulatory). We then explore in some more details the litera-
ture on forms of financing in a managerial and in an energy economic sense (Chapter 3) and on 
the regulatory framework of the energy and financial sectors (Chapter 4). We conclude with a de-
scription of the link between the different facets described and the description of the respective re-
search gaps that need to be addressed in the future (Chapter 5). 

 Relationship between finance and energy – a literature 
review 
In the following, we will review the existing literature on the relationship between financing or fi-
nance and energy, highlighting especially how finance impacts on the energy sector and its devel-
opment. We will take up specific aspects and strands of the literature in some details in the follow-
ing two chapters. The idea is to provide the basic vocabulary and typologies needed for work in this 
area and to work out some relevant research gaps that need to be addressed. 

.  Overview of perspectives on energy and financing 

We use the term “financing” rather than “finance” because the focus is on the process, including 
forms of and actors involved in, obtaining the funds necessary to implement renewable energy in-
stallations, especially those developed by bottom-up models”. Finance, in turn, is the term used for 
a branch or sub-discipline within economics. It may also denote “the system that includes the circu-
lation of money, the granting of credit, the making of investments, and the provision of banking fa-
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cilities” (Merriam-Webster, Inc. 2022). The perspectives discussed in the following are related ei-
ther to the sub-discipline of finance, especially using models developed within neoclassical finance, 
or to the financial system using different disciplinary approaches. A further distinction is to be made 
between financing and investing or investment: While financing is the act of raising or providing 
funds, investing refers to the reverse process of giving funds, i.e. an activity that starts with a pay-
out and causes inflows in the future. Ultimately, investment means financing with a negative sign 
(Kruschwitz and Lorenz 2019). Depending on the issue at hand, we will therefore use either of the 
two terms. 

Several other authors have reviewed the energy and finance/financing literature in the past (Elie et 
al. 2021; Hall et al. 2018; Steffen and Schmidt 2021; Zhang and Ji 2022). In our review, we identify 
four perspectives on this topic (cf. Table 1): micro-level perspectives, policy perspectives (“sustain-
able finance discourse”), system-level perspectives and literature studying the effects of develop-
ments in the energy sector on financial markets (“energy-to-finance”). These perspectives, topics 
and keywords displayed in the table will be explained briefly in the following sections. 

Table 1: Strands of the literature on the relation between energy and financing 

Level/ 
Perspective 

Topic Selected keywords 

Micro-level  
perspectives 

Forms of financing & RE investments Overview: “Global Trends” reports 

Project finance/financing 

“Leveraging” private capital, blended finance 

Renewable energy as specific asset class 

Role of different financial market actors  

Cost of capital, interest rates & energy 
modelling 

 

Technology innovation phases R&D financing 

Policy  
perspectives 

Policy instruments  

Sustainable finance policies Disclosure 

Green supporting factor 

Climate & monetary policy 

Green budgeting 
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Level/ 
Perspective 

Topic Selected keywords 

System-level  
perspectives 

Financing flows Financing needs 

Funding gap, “Valley of Death” 

“Climate investment trap” 

Impacts of (financial) crises  

Finance & innovation Growth literature: financial development  
technology innovation 

Finance & transition Finance-related mechanisms to path depend-
ence, carbon lock-in 

Co-evolution 

Energy-to- 
Finance 

Asset prices & access to finance Climate risks  stock returns 
Energy efficiency  access to external financ-
ing 

Financial stability “climate Minsky moment” 
“sunrise” & “sunset industries” 
“Green Swan” 

.  Micro-level perspectives 

On the micro-level, we can distinguish at least four different strands, i.e. literature 

1. on the forms of financing, 

2. on the role of different actors in financial markets, 

3. on cost of capital and interest rates, results of which are used to define parameters in energy 
models, and 

4. on the relation between specific technology innovation phases and forms of financing or the 
lack of funding on specific stages of technology development. 

The first strand mentioned reviews general financing structures (Krupa and Harvey 2017; Wiser 
1997) or concentrates on project finance as a standard form of financing (larger-scale) renewable 
energy projects (Kayser 2013; Mills and Taylor 1994; Raikar and Adamson 2020; Steffen 2018). 
According to global statistics, project finance made up 35 percent of renewable energy asset fi-
nance in 2019 compared with 16 percent in 2004 (Frankfurt School of Finance & Management 
2020). So while Steffen (2018) highlights the importance of project finance, Ameli et al. (2021a) 
conclude that the majority of projects in the renewable energy sector is still financed via corporate 
finance. Different financing structures and characteristics make renewable energy investments a 
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distinct asset class from fossil-fuel or energy utility company stocks (Ameli et al. 2021a). Due to 
risk-return characteristics and the long-term investment horizon, private investors may be reluctant 
to invest in specific segments of the renewable energy market. Hence, there is a discussion about 
“leveraging” private capital flows with international public climate finance; this mix of private with 
public funding is also called “blended finance” (Deleidi et al. 2020; Owen et al. 2018). Moreover, 
project sponsors may use public-private partnership (PPP) structures to allocate risks so that these 
are acceptable for all financiers (Fleta‐Asín and Muñoz 2021; Kaminsky 2022). Lastly, “green bonds” 
are discussed as a potential source of (re-)financing for renewable energy projects, e.g. in the 
Global South (Banga 2019). 

On the actor side, two lines of research dominate: Some researchers have looked into the role of 
the banking sector and how it influences entrepreneurial and institutional investors’ activity (Alonso 
2020; Geddes et al. 2018; Steffen et al. 2020). The focus could be on the banking sector generally, 
including requirements that banks ask from projects and stakeholders so that they can finance the 
projects – subsumed under the term “bankability” (Arezki 2021) – or on specific banks such as 
state development banks (Geddes et al. 2018). Other researchers investigate motivations of inves-
tors (Chassot et al. 2014; Salm et al. 2016), including citizens in the case of community energy initi-
atives (Bauwens 2016; Ebers Broughel and Hampl 2018; Holstenkamp and Kahla 2016). 

Third, several authors have looked into the costs of capital and interest rates associated with re-
newable energy investments. Usually, they apply a Weighted Average Costs of Capital (WACC) 
approach (Hirth and Steckel 2016; Steffen 2020; Sweerts et al. 2019). Extensions include financial 
learning models (Egli et al. 2018). Related to this are papers that discuss parameter choice in en-
ergy modelling. In standard applications, authors often simplify financial relations and use parame-
ters such as the costs of capital uniformly for all technologies and countries (Egli et al. 2019). Pol-
zin et al. (2021) illustrate that different costs of capital for different countries lead to different opti-
mal solutions. 

Fourth, the innovation finance literature has worked out that certain phases in the innovation chain 
relate to specific financing needs and forms of financing (Polzin 2017; Polzin et al. 2016). In this 
context, much has been written on research and development, less on deployment and diffusion 
(Mazzucato and Semieniuk 2018). Descriptive and policy-related work such as the “Sustainable 
Energy Financing Continuum” with the “UNEP Triangle” (Reed and Gutman 2011) leads into the 
systemic perspective and the research on funding gaps discussed below. 

.  Policy perspectives: sustainable finance debate 

Besides the micro-level perspectives, there are different strands in the literature looking into finan-
cial market developments and financial policies, studying their effects on the energy sector. For 
some years now, this literature has centered on the term “sustainable finance”. At the core of the 
current sustainable finance debate, the underlying assumptions seems to be that disclosure exerts 
observe an influence on private capital allocation towards low-carbon assets (Ameli et al. 2021b). 
With Ameli et al. (2021b), we can call this the “Carney approach” after the former governor of the 
Bank of England. According to this line of research and finance practice, transparency, i.e. infor-
mation on all climate-relevant aspects of businesses, helps capital markets to allocate financial as-
sets efficiently in a climate-friendly manner. The main idea is that carbon-intensive ideas represent 
a (climate) risk to the investors. Contrary to this, low-carbon investments offer profit opportunities. 
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In efficient markets, rational investors would therefore divest from high-carbon and invest in low-
carbon assets. However, both the efficient market hypothesis and the “capital switch” hypothesis 
are controversial (Ameli et al. 2021b; Fama 1970; Malkiel 2003; Grossman and Stiglitz 1980). 

Besides disclosure, sustainable finance policies include, among others (Ameli et al. 2021b): 

– The introduction of a green supporting factor (Dafermos and Nikolaidi 2021; D’Orazio and 
Popoyan 2019; Nicol et al. 2018), 

– the introduction of climate considerations into monetary policy, i.e. central banks’ asset pur-
chases (Dafermos et al. 2020; Dikau et al. 2021), and 

– green budgeting frameworks and tools (Petrie 2021). 

Besides work on “sustainable finance”, an older strand in the literature looks at and compares pol-
icy instruments. We will discuss this strand of literature in some more details in the following chap-
ter. 

.  System-level perspectives 

The third group of literature that we identified are strands that look at finance and energy on a sys-
tem or sector level. There is certainly an overlap with some papers subsumed under micro-level 
perspectives that observe aggregates and with papers included under policy perspectives. Never-
theless, we build a separate group with five strands: 

1. Literature on financing flows (financing needs, funding gap), 

2. works that analyze the impact of economic crises on energy financing/investments, especially 
the financial crisis of 2007 or currently the COVID-19 pandemic, 

3. investigations of the relation between financial development and technological innovation, 

4. analyses of the role of finance in transition processes, and 

5. literature on the co-evolution of both, financial and energy sectors. 

The first group of papers and reports investigates financing flows and estimates financing needs for 
the whole energy sector such as the investment needs outlined in the introduction. The “funding 
gap” literature usually highlights the specific characteristics of renewable energy investments, with 
especially the high upfront costs. In less developed financial markets, these pose a specifically se-
vere problem, which is why a large part of this strand focuses on developing countries (Bazilian et 
al. 2014; Chirambo 2016; Schwerhoff and Sy 2017). Here, different policy measures are discussed, 
especially in the context of international initiatives, such as a multilateral guarantee mechanism 
(Matthäus and Mehling 2020). If not enough capital flows into the transition of the energy system in 
developing countries, this may put them into a trap (Ameli et al. 2021a). From an innovation finance 
perspective, gaps have been identified regarding certain stages of technology development. Au-
erswald and Branscomb termed this gap the “cash flow valley of death” (Auerswald and Brans-
comb 2003). 

Second, there are works that look into the impacts of economic crises on financing the transition of 
the energy sector generally and renewable energy investments in particular. The financial crisis of 
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2008, for example, led to a general decrease in private investments in renewable energies, com-
pensated by public stimulus packages (Arent et al. 2011; Bartlett et al. 2009; Mazzucato and Semi-
eniuk 2018; Mundaca and Luth Richter 2015; Schwabe et al. 2009). Moreover, private investors’ 
policy preferences changed (Hofman and Huisman 2012). Impacts of the ongoing Corona crisis are 
still under investigation. Authors highlight, among others, 

– disruptions in supply chains, changing policy foci, and the effect of stimulus packages and 
green finance policies (Eroğlu 2021; Hoang et al. 2021; Tu et al. 2021), 

– short-run contractions and negative effects especially in developing countries (Hosseini 2020; 
Khanna 2021; Li et al. 2022), e.g. in India (Shekhar et al. 2021),  

– but also potential medium-to-long-term positive effects on renewable energy development 
(Khanna 2021; Magazzino et al. 2021). 

Lessons from the financial crisis of 2008 for post-COVID public policies are stressed (Blazquez et 
al. 2021). Economic crises may affect renewable energy financing in different ways: through the 
amount of money available, the conditions under which money is given to the projects and/or com-
panies, and due to changing forms of financing which are available for these types of activities. The 
literature referred to above not only descriptively describes shrinking amounts invested into renew-
ables, but also tries to explain the mechanisms behind the observed changes. 

Third, several authors study the relation between general financial development and technological 
innovation in the energy sector (Brunnschweiler 2010; Le et al. 2020). As highlighted under micro-
level perspectives, specific phases in the innovation cycle require specific forms of financing, which 
may or may not be available depending on the overall state of development of the financial sector 
in a certain country or region. Moreover, the findings of a positive relation between financial sector 
development and the deployment of renewable energies are underpinned by observations on avail-
able financing instruments, experiences with private finance, and public policy instruments as in-
vestigated by the “forms of financing” and “financing gap” strands. 

Fourth, finance or financing has played only a minor direct role in transition frameworks. Geddes 
and Schmidt’s (2020) article aims to change this picture. However, arguments linked to questions 
of financing have also been used before to explain the emergence of path dependencies and lock-
ins (Dangerman and Schellnhuber 2013; Granoff et al. 2016; Stein 2016). “Investing” is also part of 
the Social-Ecological System (SES) framework and governance structures a main focus, but the 
financial sector and its activities are usually not explicitly investigated (but e.g. Holstenkamp 
(2019b)). Geddes and Schmidt (2020) use the Multi-Level Perspective (MLP) and integrate the fi-
nancial sector and financial policy into this framework as a separate regime. They then investigate 
the interaction between financial regime and technology niche. Steffen and Schmidt (2021) briefly 
discuss how to extend transition frameworks in general and the MLP and TIS (Technology Innova-
tion System) frameworks in particular to better capture the financial system. 

Lastly, there is a strand of literature discussing the co-evolution of the financial and the energy sec-
tor (Hall et al. 2018; Hall et al. 2016): Depending on the structure of the financial system, forms of 
financing renewable energies differ. Through the financing process of these new types of projects 
and related learning processes, the financial sector develops. Hence both, renewable energy and 
financial sector, co-evolve. These evolutionary processes are also part of the analysis by Geddes 
and Schmidt (2020) with focus on interventions by state investment banks. 



FINANCING THE POLYCENTRIC ENERGY TRANSITION  |     15 

 

.  Energy-to-finance 

Several papers study the effect of climate change and developments in the energy sector on the 
financial sector, including feedback loops. The major focus in those papers is on financial market 
developments and financial stability. A first group of papers looks into the effects on asset prices 
and access to finance. Venturini (2022), for instance, researches the relation between climate risks 
and stock returns. Brutscher et al. (2021) investigate the effect of energy efficiency on the ability of 
a firm to obtain external financing. 

The second group of works is more policy-oriented. Hence, there are links to the policy perspec-
tives described above. This strand of the literature analyzes the effects of climate risks on the sta-
bility of the financial sector (Battiston et al. 2017; BIS 2021; Christophers 2017; Monasterolo et al. 
2022). The causal chain runs from climate risks and their effects on asset prices to a slump down 
of (sub-)sectors or “sunset industries” (Semieniuk et al. 2021), which may endanger financial stabil-
ity. Carney (2015) called a climate-induced financial crisis a “climate Minsky moment” after financial 
crisis theorist Hyman Minsky following his “financial instability hypothesis” (Bhattacharya et al. 
2015; Minsky 1977; Vercelli 2011). More recently, the risk from rapidly rising “sunrise industries” 
has been highlighted, a phenomenon termed “Green Swan” (Bingler and Colesanti Senni 2022; 
Bolton et al. 2020). 

 Overview of financing instruments 
In this chapter, we take up the different perspectives of financing described in the introduction re-
ferring to both energy-related and managerial-related financing (cf. Figure 1). At this point, both 
terms are again described in detail, an overview of the most common instruments is given without 
the claim of completeness and the importance of different financing instruments for bottom-up mod-
els is discussed. 

.  Managerial financing instruments 

Financing in the managerial sense refers to the coverage of capital requirements for making an in-
vestment. The capital requirements can be covered in various forms. There are multiple forms of 
distinctions that can be made. One is the distinction between debt and equity (Brealey et al. 2017). 
Debt providers often receive a fixed interest rate and repayment over a defined period of time. 
They do not participate in profits or losses and do not have any decision-making rights. Control 
rights are typically limited to information or specific covenants. Senior debt is paid back first in case 
of bankruptcy. The debt contract constitutes an obligation. Examples include bank loans, promis-
sory note loans and crowdlending (Holstenkamp 2020; Sedlitzky and Franz 2019). In the case of 
equity, on the other hand, investors become shareholders in the company. Equity contracts thus 
constitute ownership with according decision-making, voting rights and rights to information. Equity-
holders participate in profits and losses (Holstenkamp 2019a). In addition, there are also mixed 
forms called mezzanine capital, which are characterized by the fact that they cannot be clearly as-
signed to either equity or debt, but contain elements of both. These include preference shares, 
profit participation certificates, convertible loans and subordinated loans, to name just a few forms 
(Holstenkamp 2019a; Holstenkamp 2014; Pratt and Crowe 1995).  
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Another distinction is the one between project finance and corporate finance. In (non-resource) pro-
ject financing the coverage of capital requirements is only based on cashflows and assets of the 
project whereas corporate financing takes the assets of the corporation into account (Esty 2004; 
Holstenkamp 2020; Nevitt and Fabozzi 2000; Yescombe 2014). Project finance is typically used for 
medium- and especially large-scale renewable energy projects (Steffen 2018). The financial model 
is usually built on a long-term contract with a reliable and solvent offtaker in power purchase agree-
ments or long-term and secure feed-in tariffs. In those cases of stable and relatively secure cash-
flows project financing is often available at (relatively) favorable terms not only for projects of large 
investment volumes. In the bioenergy sector, agricultural input prices typically fluctuate. Due to 
these supply risks, non-recourse financing is typically not available. Rather, elements of corporate 
finance are integrated into the financial structure (Degenhart and Holstenkamp 2011; Fischer 
2015). Similarly, newly developing energy markets, e.g. for ancillary services, and changing busi-
ness models make it necessary to adapt financing models – probably including elements known 
from early-stage financing. As markets are just evolving, to our knowledge, this issue has not yet 
been explored in detail in the scientific literature. 

. .  Public support schemes 

In terms of sustainable finance, it can be in the government's interest to stimulate investments in 
renewable energy plants. Various instruments are available for this purpose. For example, govern-
ments can provide subsidies. Subsidies are financial government assistance that companies, other 
states or private households can receive and are not tied to a direct counterpart contribution (Buhr 
2022). Subsidies can be provided for example in form of direct public investment if not done at non 
market rates, grants, concessional loans, public guarantees to ease the cost of financing invest-
ments in certain technologies (Holstenkamp 2020). An example of this are subsidy programs such 
as the federal promotion of energy and resource efficiency (“KfW-Förderung”), which provides com-
panies with concessional loans for investing in highly intelligent technologies (KfW 2022). 

While subsidies and rebates are claimed in advance of an investment, production tax credits and 
investment tax credits can also have a cost-reducing effect elsewhere. The production tax credit is 
a tax incentive that provides the investor or owner of a qualifying property or facility with a tax credit 
based on the amount of renewable energy (electricity, heat or biofuel) generated by that facility. An 
example for that would be the Renewable Electricity Production Tax Credit in the US. It is a per 
kWh federal tax credit included in the US tax code for electricity generated by qualified renewable 
energy resources (EPA 2022). There is a price difference between different energy sources. For 
electricity generated from landfill gas, open-loop biomass, municipal solid waste resources, quali-
fied hydroelectric, and marine and hydrokinetic, the tax credit is 1.3 cent/kWh (EPA 2022). For 
other sources like wind, closed-loop biomass and geothermal resources, it is even higher with 
2.5 cent/kWh (EPA 2022). Whereby the investment tax credit is a fiscal incentive that allows invest-
ments in renewable energy to be fully or partially credited against the tax obligations or income of a 
project developer, industry, building owner, etc. (REN21 2020). Typical investment tax credits are 
tax credits for solar investments or for research work (Netinbag 2022). In the US, it is possible to 
get an investment tax credit as high as 30 percent of the cost of capital for renewable energy pro-
jects. The tax credit vests rateably over a five-year period (Reuters 2022). If a project is sold in that 
five-year period, the unvested portion of the investment tax credit is subject to recapture (Reuters 
2022). 
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. .  Financing from private actors 

In addition to the public support schemes outlined in the previous section debt and equity can be 
provided by natural persons or companies.  

On the part of private banks, the importance of sustainability aspects is increasing. More and more 
banks have established themselves whose brand core is dedicated to sustainable finance (“envi-
ronmental”, “ethical”, “value-based” banks). But conventional banks are also including more and 
more investment opportunities in sustainability aspects in their portfolios, e.g. sustainable ETFs, 
environmental investment funds or ESG bonds, partly driven by growing demand for sustainable 
investment opportunities, partly by regulation. 

The form in which capital can be collected from natural persons and corporate identities varies. In 
addition to the issuance of company shares of a limited company over-the-counter or stocks of a 
corporation via stock exchanges, the raising of capital via crowdfunding has also become increas-
ingly popular in recent times. In crowdfunding, a project or venture is financed by raising money – 
often relatively small individual amounts – from a relatively large number of people ("crowd") using 
an online platform. The money raised through crowdfunding does not necessarily buy the lender a 
share in the venture. Some types of crowdfunding reward backers with an equity stake, structured 
payments and/or products that were financed by the crowd (REN21 2020). 

.  Energy-related financing instruments  

The energy economic understanding of financing can be divided into three categories. On a public 
level, the regulation of energy markets and the design of the market have a massive impact on the 
possibility of refinancing investments. In addition, environmental policies in general play a more in-
direct role in the refinancing of investments. On another level, there are private instruments that 
contribute to the refinancing of investments in the form of contracts. Of course, the legal framework 
set at the public level has a massive influence on the private level. 

. .  Environmental policies 

Environmental policies serve to protect the environment. This includes all measures from prohibi-
tions of environmentally harmful behavior to financial support for environmentally friendly invest-
ments (Benson and Jordan 2015). The regulation of the energy market design, including the frame-
work conditions that enable the refinancing of investments through renewable energy plants, also 
falls under the term environmental policies, but will be examined in more details in the next section.  

At this point, we will briefly discuss policies that are indirectly attributed to the area of financing, be-
cause they monetarise negative externalities. Effectively, the instruments change the relative price 
of renewables compared to energy produced by conventional power plants. Hence, investments in 
the sense of a transformation of the energy system are more attractive.  

The establishment/expansion of an Emission Trading System (ETS) compared to the establish-
ment of a CO2 tax has been lively discussed in the past. The EU ETS is characterized by the cap-
and-trade system with some minor baseline-and-credit elements. Here, the required certificates 
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can be purchased either on exchanges or over-the-counter. In particular, certificate trading over-
the-counter becomes lucrative for companies as the cap falls and market prices thus rise, contrib-
uting to refinancing projects that need less or save CO2 emissions. In Germany, the CO2 tax repre-
sents an extension of the European ETS in the sense that the heat and transport sectors will also 
be priced within the framework of a national ETS from 2022 onwards, starting with fixed prices from 
2022 to 2025 and a corridor in 2026 (BMWi 2019; Bundesregierung 2022). Hence, it increases 
the costs for carbon-intensive forms of electricity generation and heating and makes renewable en-
ergy projects more competitive investment alternatives. Table 2 summarizes some of the discussed 
advantages of an ETS and a CO2 tax, respectively. 

Table 2: Advantages of ETS and Carbon Tax 

 Advantages ETS Advantages Carbon Tax 

Higher environmental accuracy when setting 
an ideal CO2 price is not possible (Agora 
2022; FIS 2011) 

Faster implementation possible and better 
controllability of revenues (Agora 2022) 

Higher cost efficiency than carbon tax (FIS 
2011) 

Transaction costs for implementation, control 
and sanctioning lower than ETS (FIS 2011) 

The situation is similar with prohibitions and statutory minimum requirements. These can mean that 
investments in certain areas are no longer permitted. The European taxonomy, for example, stipu-
lates that operators of gas-fired power plants should switch from fossil gas-related activities, to 
lower CO2 electricity generation by 2035 (European Commission 2022). Even if this does not con-
tribute to refinancing of renewable energy power plants directly, these measures are important in 
the energy system transformation and could lead to conventional power plants being forced out of 
the market enabling higher revenues by renewable technologies.  

Similar to the bans, there is the possibility to set minimum requirements for certain areas via quo-
tas, obligations and mandates. In essence, the government obliges consumers/suppliers/genera-
tors to provide or use a predetermined minimum target of renewables (REN21 2021; REN21 2020). 
This can also lead to improved competitiveness of renewable energy sources (RES) plants and 
yield direct revenues for selling quotas if these are tradable.  

. .  Energy market design 

Refinancing the investment in energy production facilities depends heavily on the energy sector 
regulations. While in 3.2.1 the focus was on environmental policies that lead indirectly to more in-
vestments in RES, this chapter focuses on public instruments and the implemented energy market 
design that refinances investments in RES through income generated after investment into RES. 
Main source for refinancing investments is the remuneration of produced electricity. However, es-
pecially with a growing share of renewables also the provision of flexibility - provision or absorption 
of energy on demand - is gaining importance.  

One distinction that can be made is between an Energy Only Market (EOM) and a capacity market. 
In an EOM only the electricity generated is remunerated. The energy is traded either via bilateral 
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business relationships (over-the-counter, OTC) or the power exchange (Next Kraftwerke 2022a). In 
a capacity market model, the energy generation capacity is remunerated. Whether the produced 
energy actually has to be produced is irrelevant (Next Kraftwerke 2022b).  

Nevertheless, there are hardly any energy markets in place that follow solely one of these principal 
market designs. For example, in Germany in general an EOM is established and electricity is 
traded on the power exchange or OTC. Additionally, for some RES tenders determine the renumer-
ation of produced electricity before investment for a fixed period of time. A tender is a procurement 
mechanism by which renewable energy supply or capacity is competitively solicited from sellers, 
who offer bids at the lowest price that they would be willing to accept. However bids may be evalu-
ated on both price and non-price factors (REN21 2020). However, in Germany there are also ele-
ments of a capacity market model in place when for example in case of the control energy market 
providers are renumerated for the guarantee to provide or take an a priori agreed amount of elec-
tricity for a certain period of time.  

Besides market driven elements of the energy market there are also non-market driven elements 
implemented by legislation. For example, in the case of a feed-in tariff, there may be a fixed de-
gression, as it is the case for smaller PV systems up to 10 kWp in Germany, which determines a 
tariff for the first 20 years of system operation based on the number of new installations (cf. § 49 
EEG 2021).  

Table 3 lists some of the most common instruments and their international diffusion. Different in-
struments can also be used for different areas or plant sizes within the same market. 
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Table 3: Energy Industry Financing and Funding Instruments 

 Explanation Distribution 

Feed-in tariff (FIT) 

 
 
 
 
Feed-in premium 
(FIP) 

 

“A policy that typically guarantees re-
newable generators specified payments 
per unit (e.g., USD per kWh) over a 
fixed period” (REN21 2020, p. 255). 

 
The feed-in premium is a payment to op-
erators of renewable electricity genera-
tion plants that compensates for the dif-
ference between the wholesale electric-
ity price and the plant-specific levelized 
cost of electricity (Next Kraftwerke 
2021). 

Existing on national level in 
72 countries and in five 
countries on sub-national 
levels (REN21 2021) 

 

Net Metering/ 
Net-Billing/  
Virtual Net Metering 

A regulatory framework in which self-
generated energy fed into the grid is off-
set against electricity purchased from 
the grid. Depending on the structure of 
the framework, any surplus electricity is 
(proportionately) remunerated, credited 
to the next billing period or fed into the 
grid without remuneration (REN21 2020; 
SWH Group 2021). Virtual net metering 
also allows a group of prosumers to 
share generated electricity (REN21 
2020). 

Existing on national level in 
58 countries and in six coun-
tries on sub-national level 
(REN21 2021) 

Market Concession 
Model 

“In a concession model a private com-
pany or non-governmental organization 
is given the exclusive obligation to pro-
vide energy services to customers in its 
service territory, upon customer request“ 
(REN21 2020, p. 257). 

 

Auctions/Tender A mechanism whereby sellers submit 
bids at the lowest price they are willing 
to accept. This can be for capacity or 
quantities of electricity (REN21 2020). 

Existing on national level in 
108 countries and in three 
countries on sub-national 
level (REN21 2021) 

. .  Contracts  

The design of environmental policies and the energy market design also allow different instruments 
for the refinancing of generation plants by private actors. This applies, among other things, to direct 
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marketing. In direct marketing, the electricity fed into the grid is sold on the electricity exchange or 
directly to selected customers, i.e. OTC, in Germany usually via the so-called “market premium 
model”. In Germany, a distinction is made between the mandatory direct marketing of new plants 
and the optional direct marketing of existing plants (Next Kraftwerke 2021). The mandatory direct 
marketing applies to plants with an installed capacity of 100 kW or more (§ 20 EEG 2021) that were 
commissioned on or after 01.01.2016. It is also mandatory that these plants can be controlled re-
motely. The only exceptions are renewable energy plants that were approved and commissioned 
before the EEG 2014 came into force, as well as biogas and biomethane plants. These must al-
ready market directly in the course of the EEG 2012, provided that the plant was commissioned 
before 01.01.2014 and has an installed capacity of more than 750 kW (Next Kraftwerke 2011). All 
plants that were connected to the grid before 01.01.2016 with an installed capacity lower than 
100 kW have the possibility to voluntarily enter the optional direct marketing (Next Kraftwerke 
2011). Financially direct marketing means, compared with a fixed FIT, that publicly regulated pay-
ments by the grid operator are exchanged for payments by a private non-regulated player. The 
“market premium model” ensures that plant operators get the average electricity price plus pre-
mium. Hence, the risk for financiers generally reduces to the solvency risk of the marketing com-
pany and costs for switching the partner. 

In addition to the power exchange, however, contracts can also be concluded between generators 
and consumers that regulate the purchase of the electricity generated. In so-called off-take agree-
ments, the conditions under which the electricity is sold are specified. A feed-in tariff (cf. Sec-
tion 3.1.1) is also a type of off-take agreement in which the state guarantees the purchase of the 
electricity. On the private level, off-take agreements can be e.g. power purchase agreements 
(PPAs). In the PPA, prior to the construction of a renewable energy project or installation of renew-
able energy equipment between a producer of energy and a buyer of energy a contract to pur-
chase/sell portions of the producer's future production is negotiated (REN21 2021; REN21 2020). 
The amount of the payment for the electricity to be purchased can be determined in advance. In 
recent years, the volume of concluded PPAs in the field of ground-mounted PV in Germany devel-
oped from one to two gigawatts annually in 2019 and 2020 to four gigawatts in 2021 (Zeigert 2021). 
In 2020, 90 percent of PPAs in Europe were concluded for wind turbines, 8 percent for solar parks 
and 2 for other technologies (PwC 2020). By 2023, 25 GW of PPA projects are already planned 
across Europe in equal shares in the wind and solar sectors (Ecke and Herrmann 2022). For fi-
nancing from a managerial perspective, PPAs add additional risks and complexity, which affect 
form and terms of financing.  

A variable payment can also be applied within the framework of a contract-for-difference (CfD). In a 
CfD positive and negative deviations from a fixed reference price are paid out to the contracting 
party. In this context, it is also referred to as a symmetrical market premium (Next Kraftwerke 
2021). 

In addition to trading the electricity generated, it is also possible to trade certain characteristics of 
the electricity generated if the appropriate legislation is in place. For instance, similar to the trada-
ble emission certificates (cf. Section 3.1.1) it is possible to establish a market for renewable energy 
certificates or regional certificated electricity. Utilities can purchase these certificates to meet quo-
tas or to offer customers certain characteristics of the electricity even if the corresponding green 
generation capacities are not available in the portfolio of the utility. Renewable energy certificates 
exist in 31 nations and in one nation on sub-national level (REN21 2021). In Germany, electricity 
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renumerated via EEG lose their green status and hence, only renewable energy certificates from 
power plants in the other direct marketing can be traded. 

.  Importance of financing instruments for bottom-up models 

In this section, the financing instruments described are analyzed with regard to the current rele-
vance for bottom-up models. 

From a managerial perspective, project financing is highly relevant with respect to bottom-up mod-
els since bottom-up models are often founded for a special purpose or project. Hence, in case of 
the investment in a RES production facility cashflows of the installed RES production facility must 
refinance CAPEX and OPEX. With a growing number of established bottom-up models, corporate 
finance becomes growingly important when bottom-up models are well established and start oper-
ating multiple facilities. 

Even though not directly generating cashflows for refinancing investments in RES, bottom-up mod-
els are also influenced by environmental policies such as the ETS and a CO2 tax. In Germany the 
energy industry is integrated in the EU ETS and the mobility and heating sector is covered by the 
carbon tax introduced in 2021 (BMU 2022). Both increase the costs for energy produced with fossil 
fuels. Hence, bottom-up models focusing on the production and consumption of self-produced elec-
tricity might attract potential participants when alternative sources of energy become increasingly 
expensive. 

From an energy-related perspective, non-market driven financing instruments have been of great 
importance for the development of bottom-up models (Bauwens et al. 2016). The predictability of 
cashflows and a minimum of uncertainty and complexity is of great importance because of high risk 
awareness of investors from local communities and the reliance on voluntary work (Horstink et al. 
2020). Hence, in Germany established fixed feed-in tariffs determining the price for produced elec-
tricity for 20 years after installation are of utmost importance. 

Even though in various countries there are different financing instruments implemented, there is no 
universal understanding which instruments help best to promote different types of bottom-up mod-
els. In Germany, for instance, the financial instruments highlighted in this section mostly target indi-
vidual persons or actors. Enabling collective bottom-up models needs to be addressed and in-
cluded in the legal frameworks as is being discussed in different EU member states in relation to 
the transposition of stipulations on energy communities in the recast Renewable Energy Directive. 
Research is needed showing the effects on the energy system of different financial instrument (but 
see e.g. (Grashof 2019)). 
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 Legal framework of energy and financial sectors 
This chapter discusses energy financing and regulatory frameworks from political and legal per-
spectives. Hence, it takes up the third approach (regulatory, next to managerial and energy eco-
nomics approach) towards financing in the energy sector outlined in the introduction. Different na-
tions around the globe have different policies and national strategies to achieve their goals of en-
ergy transitions (Hughes and Urpelainen 2015). The speed of achieving those goals depend on the 
regulatory frameworks, which “often act to increase returns, reduce risks, or stimulate new markets 
or sources of revenue. Policy instruments thus become coupled to financial mechanisms“ (Iskanda-
rova et al. 2021, p. 3). While the focus in the energy-related literature usually is on regulation of the 
energy sector, we briefly also touch on the impacts that regulation of the financial sector has on 
developments in the energy sector – an aspect that has recently gained more attention following 
the attempt by financial regulators to integrate climate change considerations into rules for financial 
markets (Berenguer and Cardona 2014) (cf. also policy perspective in Chapter 2). 

.  Regulating the energy sector – changes & challenges 

Throughout modern history, the energy sector, especially electricity and natural gas, has always 
remained a highly regulated sector (Joskow 2014; Polinsky and Shavell 2007). The network char-
acter of the industry has often been used as an economic justification for a monopolistic market 
design (Künneke et al. 2005). Political changes together with developments in economic theory 
(“contestable markets”) have led to liberalization and deregulation of the energy sectors, which, in 
turn, led to the emergence of new actors at national, sub-national and local levels (Finger and Jaag 
2016; Iskandarova et al. 2021). Besides these changes in the understanding of energy policy, tech-
nological progress has also led to an increasingly decentralized structure, especially of the electric-
ity sector. In addition to progress of renewable energy technologies, digitalization may contribute to 
these developments (Baidya et al. 2021; Di Silvestre et al. 2018; Loock 2020). 

The regulation of the energy sector and the developments of energy policies have been intensively 
discussed in the literature. This includes changes in the use of policy instruments as outlined in 
Section 3.2. Transition challenges have been worked out using different theoretical approaches 
and frameworks (Cherp et al. 2018; Foxon 2013; Foxon et al. 2010; Geels et al. 2017; Geels et al. 
2016; Judson et al. 2020; Markard 2018; Markard and Hoffmann 2016). Any analysis of changes in 
the regulatory environments can therefore relate to this broad strand in the literature. 

The EU has recently put emphasis on individual and collective prosumers and energy communities 
with the “Clean Energy Package”, the directives of which were supposed to be transposed into na-
tional laws until 2021. With this switch in European energy policy, more attention is being placed on 
smaller actors (Coenen and Hoppe 2021; Lowitzsch 2018; Roberts 2019). We summarize these 
different entities in the following under the term “bottom-up (energy) models”. As they are the focus 
of political and legal analyses in the research group, we discuss them separately in the following 
section. 
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.  Bottom-up models & regulation 

In the literature, one finds a plethora of different concepts that we summarize as bottom-up models. 
These concepts are not identical, but interrelated: 

– Energy Communities: The “Clean Energy for All Europeans” legislative package (short: 
“Clean Energy Package”) has introduced “energy communities” in two variants, namely “renew-
able energy communities” (RECs) and “citizen energy communities” (CECs). RECs and CECs 
are both open and voluntary initiatives. These initiatives are owned by locals with the primary 
aim of generating social and environmental benefits rather than profit maximization. However, 
RECs differ from CECs on the issue of geographical coverage, autonomy, participation and 
activities of energy production. RECs are limited to the location or region of the plant site, 
whereas members of a CEC can be spread more widely. RECs deal with the generation of 
electricity from renewable sources, CECs can take any activity in the energy sector in general 
(cf. recast Renewable Energy Directive, Art. 22, and Electricity Directive, Art. 16). Energy com-
munities may include not only local citizens, but also local authorities and small and medium-
sized enterprises (SMEs). Since 2016, the concept has been studied more intensively in the 
academic literature. 

– Community Energy: A very common concept in policy discussions and the academic litera-
ture  (Berka et al. 2020; Berka and Creamer 2018; Creamer et al. 2018; Creamer et al. 2019), 
there are various related terms used for “community energy” – in German “Bürgerenergie” and 
in French “énergie citoyenne“. It is, for instance, also called “citizen energy ownership” or “com-
munity power” (European Commission and Directorate-General for Energy 2019). There have 
been various attempts to define community energy, the definition by Walker & Divine-Wright 
(2008) most probably being the one most widely cited. According to them, community energy is 
any project or initiative where people have ownership (community involvement) or a meaningful 
say in the running of renewable energy or energy-related services for a collective benefit shar-
ing. In the Anglo-Saxon literature on community energy there is a distinction made between 
“communities of locality (or: place)” and “communities of interest”. In essence, the RECs are 
communities of locality, whereas CECs could also be communities of interest only (Bolinger 
2001; Walker and Devine-Wright 2008). 

– Local Energy Initiatives: Local energy initiatives is a term that is often used in recent studies 
on the Dutch energy transition (Hasanov and Zuidema 2018; Hisschemoller 2012; Warbroek 
and Hoppe 2017). Devine-Wright has worked on the difference between community energy 
and local energy, elaborating that the focus in UK policy has shifted from the former to the lat-
ter. Hall et al. (2016) use a somewhat related, but in details different concept that they call 
“civic energy”, encompassing community energy and municipal utility companies. Thus this 
concept slightly differs from the use in the Dutch literature on local energy initiatives, but espe-
cially from Devine-Wright’s understanding of “local energy” as the latter has a focus on partner-
ships and the private sector (Hall et al. 2016; Walker and Devine-Wright 2008). 
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– Prosumers (self-consumers/self-generators): These are households that own and operate 
renewable energy and storage installations and directly use the electricity generated (Campos 
et al. 2020; Sousa et al. 2019). The Clean Energy Package distinguishes between “self-con-
sumers” and “jointly acting self-consumers”, i.e. collective forms of prosumerism. Prosumerism 
has attracted some attention not only by practitioners following EU legislation, but also in the 
academic literature (Brown et al. 2019; Müller and Welpe 2018; Günther et al. 2019). However, 
work often focusses on single households, as this is the “basic form” and probably the most 
common variant of prosumerism. The concept of collective prosumerism is somewhat close to, 
even if not identical with, community energy (Campos et al. 2020). 

– Peer-to-Peer: This is defined as a business model, in which an online platform – often with the 
help of blockchain technology – serves as a marketplace where consumers and producers 
meet to trade electricity (IRENA 2019). In work on peer-to-peer energy models, scholars often 
focus on the technological aspects (Almeida et al., 2021; Sousa et al., 2019). It is a business 
model that could be used by community energy groups or citizen energy communities. 

While this list is not exhaustive, it contains the major concepts of (collective) bottom-up models that 
are studied here. 

The relationship between these bottom-up models and the regulatory framework has been subject 
of various studies. Scholars refer, for instance, to Denmark, Germany, Great Britain and the Neth-
erlands as examples (Wierling et al. 2018). Each country has its own experience, but studies show 
that there are some common features, e.g. community activities and collective action, among en-
ergy cooperatives in Europe (Wierling et al. 2018). These models are considered as enablers of 
energy transitions (Gui and MacGill 2018). Regulatory frameworks, overall institutional environ-
ment, and proper knowledge play a central role in the energy transition (Wierling et al. 2018). There 
are insights from studies on factors that determine the shape and size of this sector in different 
places (Bolinger 2001; Campos et al. 2020; Gui and MacGill 2018). Most of the studies concentrate 
on a small sample of countries such as those mentioned above (Campos et al. 2020; Gründinger 
2017; Löhr 2020; Thiel et al. 2019) or are single case studies (European Commission and Direc-
torate-General for Energy 2019; Walker and Devine-Wright 2008; Wierling et al. 2018) focusing on 
parts of this sector and using different theoretical approaches. 

Against this background, there is a need for investigations beyond well-known country examples, 
for comparisons of a larger set of cases (“large n”) that help to work out general findings on social 
mechanisms, which lead to the emergence and growth of bottom-up models, and on the transfera-
bility of findings between countries, especially to the Global South. 

.  Financial sector regulation and its impact on the energy sector 

Compared to energy market regulations, the regulation of financial markets has received less at-
tention by energy researchers, with the exception of papers on sustainable finance that we as-
signed to the policy perspectives in Section 2.3. This strand of the literature puts financial regula-
tion and its impact on the energy transition into the focus of practitioners and researchers. The 
main idea is to legally enforce and push the financial sector into financing sustainable develop-
ments, e.g. the transition of the energy sectors. Besides, financial sector regulations also play a 
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role in other works on what we call system-level perspective, even if it is usually not the focus. Oc-
casionally, related areas of law, such as company law, also come into view (Dangerman and 
Schellnhuber 2013). 

Other examples of the influence that financial market regulation can exert on developments in the 
energy sector include interactions between financial participation of citizens in the energy transition 
and consumer protection laws: In 2011, the EU introduced the Alternative Investment Fund Man-
ager (AIFM) Directive. It was to be transposed into national laws until 22 July 2013. In Germany, it 
led to the introduction of the German Capital Investment Code [Kapitalanlagegesetzbuch, KAGB]. 
Applicability of the law to different forms of community energy companies and different types of 
projects of these community initiatives was unclear at the beginning. This led to high uncertainty in 
the sector and caused many initiatives to retract from developing their projects (Holstenkamp 
2014). This case illustrates potential trade-offs that exist between enabling active participation of 
citizens in the energy transition and consumer protection. Risk management regulations (Gaumert 
2019) that may restrict the financing of small actors, including energy communities, are another ex-
ample of these trade-offs, which need further investigation. 

 Bottom-up models: Links between actors and their 
behavior, instruments, legal framework and existing 
research gap 
The previous chapters showed the importance of different facets concerning financing of bottom-up 
models and the existing research gaps.  

– Actors and their behaviors: There are at least some studies looking into the types of financial 
market actors involved in energy financing, especially financing of bottom-up models, and their 
behaviors, also some – even though not many – studies which investigate effects on the en-
ergy transition process. This said, there more research in this direction is needed to substanti-
ate first findings from these research strands. 

– Instruments: Various financial instruments from a managerial and an energy perspective are in 
place. However, focusing on Germany there is no clear understanding, which overall system 
effects arise of the various instruments.  

– Legal framework: Effects of legal frameworks on the form and number of bottom-up models 
have been researched in the past, but for a selection of geographies only or mainly and mostly 
in single case studies or for few countries in comparative analyses. Moreover, financial market 
regulations and their effects on bottom-up models are underresearched. 

These different facets cannot be fully understood when analyzing them separately. Even though 
addressing different perspectives and understandings of “financing” in the energy context (cf. 
Chapter 1) there are also several logical links that need to be observed in relation with one another: 

– The behavior of financial market actors (Chapter 2) and their response to changes in financial 
instruments (Chapter 3) have effects on a system-level. 



FINANCING THE POLYCENTRIC ENERGY TRANSITION  |     27 

 

– Forms of financing (Chapter 2) and financial instruments (Chapter 3) need to be implemented 
in the current legal framework (Chapter 4) and the development of further financing structure of 
bottom-up models be researched.  

– The political legal perspective (Chapter 4) of the past energy and financial sector development 
influence massively the implementation possibilities from insights of an energy system model 
from a techno-economic perspective of financial instruments (Chapter 3). 
  



28     |  HOLSTENKAMP, WIESENTHAL, MEMON 

 

Bibliography 
Agora (2022): CO2-Steuer oder ETS für Wärme und Verkehr? Website: https://www.agora-energiewende.de/blog/co2-

steuer-oder-ets-fuer-waerme-und-verkehr/ (accessed: February 22, 2022). 

Almeida, Lucila, Viola Cappelli, Nikolas Klausmann and Henri van Soest (2021): Peer-to-Peer Trading and Energy Com-
munity in the Electricity Market - Analysing the Literature on Law and Regulation and Looking Ahead to Future 
Challenges. EUI Working Paper: 49. 

Alonso, Alejandro C. (2020): The role of the commercial banks in the financing of the renewable energy industry. In: Re-
newable Energy Finance: Funding The Future Of Energy, ed. Charles W. Donovan, p. 217–245. 2. ed. Singa-
pore: Stallion Press, May 8. 

Ameli, Nadia, Olivier Dessens, Matthew Winning, Jennifer Cronin, Hugues Chenet, Paul Drummond, Alvaro Calzadilla, 
Gabrial Anandarajah and Michael Grubb (2021a): Higher cost of finance exacerbates a climate investment 
trap in developing economies. Nature Communications 12 (June 30): 4046. 

Ameli, Nadia, Sumit Kothari and Michael Grubb (2021b): Misplaced expectations from climate disclosure initiatives. Na-
ture Climate Change 11, No. 11 (November): 917–924. 

Arent, Douglas J., Alison Wise and Rachel Gelman (2011): The status and prospects of renewable energy for combating 
global warming. Energy Economics 33, No. 4 (July): 584–593. 

Arezki, Rabah (2021): Climate finance for Africa requires overcoming bottlenecks in domestic capacity. Nature Climate 
Change 11, No. 11 (November): 888. 

Auerswald, Philip E. and Lewis M. Branscomb (2003): Valleys of Death and Darwinian Seas: Financing the Invention to 
Innovation Transition in the United States. The Journal of Technology Transfer 28, No. 3/4: 227–239. 

Baidya, Sanghita, Vidyasagar Potdar, Partha Pratim Ray and Champa Nandi (2021): Reviewing the opportunities, chal-
lenges, and future directions for the digitalization of energy. Energy Research & Social Science 81 (Novem-
ber): 102243. 

Banga, Josué (2019): The green bond market: a potential source of climate finance for developing countries. Journal of 
Sustainable Finance & Investment 9, No. 1 (January 2): 17–32. 

Bartlett, John E., Robert M. Margolis and Charles E. Jennings (2009): Effects of the Financial Crisis on Photovoltaics: An 
Analysis of Changes in Market Forecasts from 2008 to 2009. n.p. http://www.osti.gov/servlets/purl/965980-
TNq6yT/ (accessed: August 2, 2022). 

Battiston, Stefano, Antoine Mandel, Irene Monasterolo, Franziska Schütze and Gabriele Visentin (2017): A climate 
stress-test of the financial system. Nature Climate Change 7, No. 4 (April): 283–288. 

Bauwens, Thomas (2016): Explaining the diversity of motivations behind community renewable energy. Energy Policy 
93: 278–290. 

Bauwens, Thomas, Boris Gotchev and L. Holstenkamp (2016): What drives the development of community energy in 
Europe? The case of wind power cooperatives. Energy Research and Social Science 13: 136–147. 

Bazilian, Morgan, Smita Nakhooda and Thijs Van de Graaf (2014): Energy governance and poverty. Energy Research & 
Social Science 1 (March 1): 217–225. 

BDEW [Bundesverband der Energie- und Wasserwirtschaft e.V.] (2019): Das “3-Säulen-Modell” - Konkretisierung der 
BDEW-Vorschläge für einen Finanzierungsrahmen für Erneuerbare-Energien-Anlagen. Website: 
https://www.bdew.de/media/documents/Stn_20190531_Positionspapier-Konkretisierung-des-3-Saeulen-Mod-
ells.pdf (accessed: November 5, 2019). 



FINANCING THE POLYCENTRIC ENERGY TRANSITION  |     29 

 

Benson, David and Andrew Jordan (2015): Environmental Policy: Protection and Regulation. In: International Encyclope-
dia of the Social & Behavioral Sciences (Second Edition), ed. James D. Wright, p. 778–783. Second Edition. 
Oxford: Elsevier. https://www.sciencedirect.com/science/article/pii/B9780080970868910146. 

Berenguer, Maria Eduarda and Michel Cardona (2014): What role for financial regulation to help the low-carbon transi-
tion?, No. INIS-FR--20-1378 (June 4): 53. 

Berka, Anna L. and Emily Creamer (2018): Taking stock of the local impacts of community owned renewable energy: A 
review and research agenda. Renewable and Sustainable Energy Reviews 82 (February): 3400–3419. 

Berka, Anna L., Julie L. MacArthur and Claudia Gonnelli (2020): Explaining inclusivity in energy transitions: Local and 
community energy in Aotearoa New Zealand. Environmental Innovation and Societal Transitions 34 (March): 
165–182. 

Bhattacharya, Sudipto, Charles A.e. Goodhart, Dimitrios P. Tsomocos and Alexandros P. Vardoulakis (2015): A Recon-
sideration of Minsky’s Financial Instability Hypothesis. Journal of Money, Credit and Banking 47, No. 5: 931–
973. 

Bingler, Julia Anna and Chiara Colesanti Senni (2022): Taming the Green Swan: a criteria-based analysis to improve the 
understanding of climate-related financial risk assessment tools. Climate Policy 22, No. 3 (March 16): 356–
370. 

BIS [Bank for International Settlements] (2021): Climate-related risk drivers and their transmission channels. Basel. 
https://www.bis.org/bcbs/publ/d517.pdf (accessed: April 28, 2022). 

Blazquez, Jorge, Marzio Galeotti and Jose M. Martin-Moreno (2021): Green recovery packages for a post-Covid-19 
world: A lesson from the collapse of Spanish wind farms in the past financial crisis. Renewable and 
Sustainable Energy Reviews 151 (November 1): 111570. 

BMU [Bundesministerium für Umwelt, Naturschutz und nukleare Sicherheit] (2022): Klimaschutz in Zahlen - Fakten, 
Trends und Impulse deutscher Klimapolitik Ausgabe 2021. https://www.bmuv.de/fileadmin/Da-
ten_BMU/Pools/Broschueren/klimaschutz_zahlen_2021_bf.pdf (accessed: July 6, 2022). 

BMWi [Bundesministerium für Wirtschaft und Klimaschutz] (2019): Wie funktioniert eigentlich die CO2-Bepreisung? Octo-
ber 16. Website: https://www.bmwi-energiewende.de/EWD/Redaktion/Newsletter/2019/09/Meldung/direkt-
erklaert.html (accessed: February 15, 2022). 

Bolinger, Mark (2001): Community wind power ownership schemes in Europe and their relevance to the United States. 
http://www.osti.gov/servlets/purl/827946-fmUZml/native/ (accessed: April 6, 2021). 

Bolton, Patrick, Morgan Després, Luiz Awazu Pereira da Silva, Frédéric Samama and Romain Svartzman (2020): The 
green swan - Central banking and financial stability in the age of climate change. Basel: Bank for International 
Settlements (BIS). 

Brealey, Richard A., Stewart C. Myers and Franklin Allen (2017): Principles of corporate finance. Twelfth edition. The 
McGraw-Hill/Irwin Series in Finance, Insurance, and Real Estate. New York, NY: McGraw-Hill/Education. 

Brown, Donal, Stephen Hall and Mark E. Davis (2019): Prosumers in the post subsidy era: an exploration of new 
prosumer business models in the UK. Energy Policy 135 (December): 110984. 

Brunnschweiler, Christa N. (2010): Finance for renewable energy: an empirical analysis of developing and transition 
economies. Environment and Development Economics 15, No. 3 (June): 241–274. 

Brutscher, Philipp-Bastian, Pauline Ravillard and Gregor Semieniuk (2021): Do Energy Efficient Firms Have Better Ac-
cess to Finance? The Energy Journal 42, No. 01 (September 1). http://www.iaee.org/en/publications/ejarti-
cle.aspx?id=3757. 

Buhr, Daniel (2022): Subventionen. Website: https://www.bpb.de/kurz-knapp/lexika/handwoerterbuch-politisches-sys-
tem/202192/subventionen/ (accessed: February 17, 2022). 



30     |  HOLSTENKAMP, WIESENTHAL, MEMON 

 

Bundesregierung (2022): CO2-Bepreisung. Website: https://www.bundesregierung.de/breg-de/themen/klimaschutz/co2-
bepreisung-1673008 (accessed: February 15, 2022). 

Campos, Inês, Guilherme Luz, Esther Marín, Swantje Gährs, Lars Holstenkamp and Stephen Hall (2020): Regulatory 
challenges and opportunities for collective renewable energy prosumers in the EU. Energy Policy 138: 
111212. 

Carney, Mark (2015): Breaking the Tragedy of the Horizon – climate change and financial stability. September 29. Web-
site: https://www.bankofengland.co.uk/-/media/boe/files/speech/2015/breaking-the-tragedy-of-the-horizon-
climate-change-and-financial-stability.pdf (accessed: April 28, 2022). 

Chassot, Sylviane, Nina Hampl and Rolf Wüstenhagen (2014): When energy policy meets free-market capitalists: The 
moderating influence of worldviews on risk perception and renewable energy investment decisions. Energy 
Research & Social Science 3 (September): 143–151. 

Chirambo, Dumisani (2016): Addressing the renewable energy financing gap in Africa to promote universal energy ac-
cess: Integrated renewable energy financing in Malawi. Renewable and Sustainable Energy Reviews 62 (Sep-
tember 1): 793–803. 

Christophers, Brett (2017): Climate Change and Financial Instability: Risk Disclosure and the Problematics of Neoliberal 
Governance. Annals of the American Association of Geographers 107, No. 5 (September 3): 1108–1127. 

Coenen, Frans H. J. M. and Thomas Hoppe, eds. (2021): Renewable energy communities and the low carbon energy 
transition in Europe. Cham, Switzerland: Palgrave Macmillan. 

Creamer, Emily, Will Eadson, Bregje van Veelen, Annabel Pinker, Margaret Tingey, Tim Braunholtz-Speight, Marianna 
Markantoni, Mike Foden and Max Lacey-Barnacle (2018): Community energy: Entanglements of community, 
state, and private sector. Geography Compass 12, No. 7 (July): e12378. 

Creamer, Emily, Gerald Taylor Aiken, Bregje van Veelen, Gordon Walker and Patrick Devine-Wright (2019): Community 
renewable energy: What does it do? Walker and Devine-Wright (2008) ten years on. Energy Research & So-
cial Science 57 (November): 101223. 

Dafermos, Yannis, Daniela Gabor, Maria Nikolaidi, Adam Pawloff and Frank van Lerven (2020): Decarbonising is easy: 
Beyond market neutrality in the ECB’s corporate QE. Herausgeber: New Economics Foundation. 
https://eprints.soas.ac.uk/34178/1/Dafermos%20et%20al%20%282020%29%20Decarbonis-
ing%20is%20easy.pdf (accessed: April 27, 2022). 

Dafermos, Yannis and Maria Nikolaidi (2021): How can green differentiated capital requirements affect climate risks? A 
dynamic macrofinancial analysis. Journal of Financial Stability 54 (June 1): 100871. 

Dangerman, A. T. C. Jérôme and Hans Joachim Schellnhuber (2013): Energy systems transformation. Proceedings of 
the National Academy of Sciences 110, No. 7 (February 12). 
https://pnas.org/doi/full/10.1073/pnas.1219791110. 

Degenhart, Heinrich and Lars Holstenkamp (2011): Finanzierungspraxis von Biogasanlagen in der Landwirtschaft: eine 
empirische Untersuchung zu Stand und Entwicklungslinien. 1. ed. Gabler research. Wiesbaden: Gabler. 

Deleidi, Matteo, Mariana Mazzucato and Gregor Semieniuk (2020): Neither crowding in nor out: Public direct investment 
mobilising private investment into renewable electricity projects. Energy Policy 140 (May 1): 111195. 

Di Silvestre, Maria Luisa, Salvatore Favuzza, Eleonora Riva Sanseverino and Gaetano Zizzo (2018): How Decarboniza-
tion, Digitalization and Decentralization are changing key power infrastructures. Renewable and Sustainable 
Energy Reviews 93 (October): 483–498. 

Dikau, Simon, Nick Robins and Ulrich Volz (2021): Climate-neutral central banking: How the European System of Central 
Banks can support the transition to net-zero. London: Grantham Research Institute on Climate Change and 
the Environment, London School of Economics and Political Science; Centre for Sustainable Finance, SOAS, 
University of London. https://eprints.soas.ac.uk/35168/1/Climate%20Neutral%20Central%20Banking.pdf (ac-
cessed: April 27, 2022). 



FINANCING THE POLYCENTRIC ENERGY TRANSITION  |     31 

 

D’Orazio, Paola and Lilit Popoyan (2019): Fostering green investments and tackling climate-related financial risks: Which 
role for macroprudential policies? Ecological Economics 160 (June 1): 25–37. 

Ebers Broughel, Anna and Nina Hampl (2018): Community financing of renewable energy projects in Austria and Swit-
zerland: Profiles of potential investors. Energy Policy 123 (December): 722–736. 

Ecke, Julius and Nicolai Herrmann (2022): Aktuelle Entwicklung am PPA-Markt und Tools für PPA-Bewertung und -Ab-
schluss. Website: https://enervis.de/wp-content/uploads/2020/02/VIK-Mitteilungen-1_2020_Beitrag-enervis.pdf 
(accessed: February 22, 2022). 

Egli, Florian Manuel, Bjarne Steffen and Tobias Schmidt (2018): A dynamic analysis of financing conditions for renewa-
ble energy technologies. Nature Energy 3: 1084–1092. 

Egli, Florian, Bjarne Steffen and Tobias S. Schmidt (2019): Bias in energy system models with uniform cost of capital 
assumption. Nature Communications 10, No. 1 (December): 4588. 

Elie, Luc, Caroline Granier and Sandra Rigot (2021): The different types of renewable energy finance: A Bibliometric 
analysis. Energy Economics 93 (January): 104997. 

EPA [United States Environmental Protection Agency] (2022): Renewable Electricity Production Tax Credit Information. 
Website: https://www.epa.gov/lmop/renewable-electricity-production-tax-credit-information (accessed: Febru-
ary 17, 2022). 

Eroğlu, Hasan (2021): Effects of Covid-19 outbreak on environment and renewable energy sector. Environment, Devel-
opment and Sustainability 23, No. 4 (April): 4782–4790. 

Esty, Benjamin C. (2004): Modern project finance: a casebook. New York: Wiley. 

European Commission (2019): Clean energy for all Europeans package completed: good for consumers, good for growth 
and jobs, and good for the planet. Website: https://ec.europa.eu/info/news/clean-energy-all-europeans-pack-
age-completed-good-consumers-good-growth-and-jobs-and-good-planet-2019-may-22_en (accessed: July 20, 
2022). 

European Commission (2022): Questions and Answers on the EU Taxonomy Complementary Climate Delegated Act 
covering certain nuclear and gas activities. Website: https://ec.europa.eu/commission/presscorner/de-
tail/en/QANDA_22_712 (accessed: August 19, 2022). 

European Commission and Directorate-General for Energy (2019): Clean energy for all Europeans. http://publica-
tions.europa.eu/publication/manifestation_identifier/PUB_MJ0319092ENN. 

Fama, Eugene F. (1970): Efficient Capital Markets: A Review of Theory and Empirical Work. The Journal of Finance 25, 
No. 2: 383–417. 

Finger, Matthias and Christian Jaag, eds. (2016): The Routledge companion to network industries. 1 Edition. Routledge 
companions in business, management and accounting. London, New York: Routledge, Taylor & Francis 
Group. https://www.taylorfrancis.com/books/edit/10.4324/9781315768984/routledge-companion-network-in-
dustries-matthias-finger-christian-jaag?refId=e02131d7-d10a-44b5-9227-2fae4b286a1f&context=ubx. 

FIS [Forschungs-Informations-System] (2011): Potentielle Vorteile von Emissionshandelssystemen. May 31. Website: 
https://www.forschungsinformationssystem.de/servlet/is/352542/ (accessed: February 15, 2022). 

Fischer, Jörg-Uwe (2015): Finanzierung von Bioenergieprojekten: Risikomanagement und Finanzierungsstrukturierung. 
In: Finanzierung Erneuerbarer Energien, ed. Markus Gerhard, Thomas Rüschen, and Armin Sandhövel, p. 
735–754. 2. ed. Frankfurt am Main: Frankfurt School Verlag. 

Fleta‐Asín, Jorge and Fernando Muñoz (2021): Renewable energy public–private partnerships in developing countries: 
Determinants of private investment. Sustainable Development 29, No. 4 (July): 653–670. 

Frankfurt School of Finance & Management (2020): Global Trends in Renewable Energy Investment 2020. Frankfurt am 
Main. https://www.fs-unep-centre.org/wp-content/uploads/2020/06/GTR_2020.pdf (accessed: May 24, 2022). 



32     |  HOLSTENKAMP, WIESENTHAL, MEMON 

 

Gaumert, Uwe (2019): Ergebnisse der BdB-Auswirkungsstudie zur europäischen Umsetzung von Basel IV-Auswirkungen 
auf ausgewählte Kreditportfolios. https://bankenverband.de/media/files/SSM1_2019-00417_ANL01_BdB_Im-
pact_Study_Basel_IV_de.pdf (accessed: April 24, 2019). 

Geddes, Anna and Tobias S. Schmidt (2020): Integrating finance into the multi-level perspective: Technology niche-fi-
nance regime interactions and financial policy interventions. Research Policy 49, No. 6 (July 1): 103985. 

Geddes, Anna, Tobias S. Schmidt and Bjarne Steffen (2018): The multiple roles of state investment banks in low-carbon 
energy finance: An analysis of Australia, the UK and Germany. Energy Policy 115 (April): 158–170. 

Granoff, Ilmi, J. Ryan Hogarth and Alan Miller (2016): Nested barriers to low-carbon infrastructure investment. Nature 
Climate Change 6, No. 12 (December): 1065–1071. 

Grashof, Katherina (2019): Are auctions likely to deter community wind projects? And would this be problematic? Energy 
policy 125: 20–32. 

Grossman, Sanford J. and Joseph E. Stiglitz (1980): On the Impossibility of Informationally Efficient Markets. The Ameri-
can Economic Review 70, No. 3: 393–408. 

Gründinger, Wolfgang (2017): Drivers of Energy Transition. Wiesbaden: Springer Fachmedien Wiesbaden. 
http://link.springer.com/10.1007/978-3-658-17691-4. 

Gui, Emi Minghui and Iain MacGill (2018): Typology of future clean energy communities: An exploratory structure, oppor-
tunities, and challenges. Energy Research & Social Science 35 (January): 94–107. 

Günther, Claudia, Wolf-Peter Schill and Alexander Zerrahn (2019): Prosumage of solar electricity: tariff design, capacity 
investments, and power system effects (July 23). http://arxiv.org/abs/1907.09855 (accessed: May 7, 2021). 

Güsewell, Joshua, Ludger Eltrop, Lynn Vincent, Joachim Fischer, Katharina Scherzinger, Lars Holstenkamp and Hein-
rich Degenhart (2021): Next Generation (BIOGAS). Stuttgart; Nordhausen; Lüneburg. 
https://www.tib.eu/suchen/id/TIBKAT:1806913321 (accessed: August 1, 2022). 

Hall, Stephen, Timothy J. Foxon and Ronan Bolton (2016): Financing the civic energy sector: How financial institutions 
affect ownership models in Germany and the United Kingdom. Energy Research & Social Science 12: 5–15. 

Hall, Stephen, Katy E. Roelich, Mark E. Davis and Lars Holstenkamp (2018): Finance and justice in low-carbon energy 
transitions. Applied Energy 222: 772–780. 

Hasanov, Mustafa and Christian Zuidema (2018): The transformative power of self-organization: Towards a conceptual 
framework for understanding local energy initiatives in The Netherlands. Energy Research & Social Science 
37 (March 1): 85–93. 

Hirth, Lion and Jan Christoph Steckel (2016): The role of capital costs in decarbonizing the electricity sector. Environ-
mental Research Letters 11, No. 11 (November 1): 114010. 

Hisschemoller, Matthijs (2012): Local energy initiatives cannot make a difference, unless …. Journal of Integrative Envi-
ronmental Sciences 9, No. 3 (September): 123–129. 

Hoang, Anh Tuan, Sandro Nižetić, Aykut I. Olcer, Hwai Chyuan Ong, Wei-Hsin Chen, Cheng Tung Chong, Sabu 
Thomas, Suhaib A. Bandh and Xuan Phuong Nguyen (2021): Impacts of COVID-19 pandemic on the global 
energy system and the shift progress to renewable energy: Opportunities, challenges, and policy implications. 
Energy Policy 154 (July): 112322. 

Hofman, Daan M. and Ronald Huisman (2012): Did the financial crisis lead to changes in private equity investor prefer-
ences regarding renewable energy and climate policies? Energy Policy 47 (August): 111–116. 

Holstenkamp, Lars (2014): Local Investment Schemes for Renewable Energy: A financial perspective. In: Renewable 
energy law in the EU: Legal perspectives on bottom-up approaches, ed. Marjan Peeters and Thomas 
Schomerus, p. 232–255. Cheltenham, UK; Northhampton, MA, USA: Edward Elgar Publishing. 



FINANCING THE POLYCENTRIC ENERGY TRANSITION  |     33 

 

Holstenkamp, Lars (2019a): Financing Consumer (Co-)Ownership of Renewable Energy Sources. In: Energy Transition, 
ed. J. Lowitzsch. Cham: Palgrave Macmillan. 

Holstenkamp, Lars (2019b): What do we know about cooperative sustainable electrification in the global South? A syn-
thesis of the literature and refined social-ecological systems framework. Renewable and Sustainable Energy 
Reviews 109 (July 1): 307–320. 

Holstenkamp, Lars (2020): Financing of Energy Efficiency Projects (November 16). https://zenodo.org/record/4153207 
(accessed: June 1, 2021). 

Holstenkamp, Lars and Franziska Kahla (2016): What are community energy companies trying to accomplish? An empir-
ical investigation of investment motives in the German case. Energy Policy 97: 112–122. 

Horstink, Lanka, Julia M. Wittmayer, Kiat Ng, Guilherme Pontes Luz, Esther Marín-González, Swantje Gährs, Inês Cam-
pos, Lars Holstenkamp, Sem Oxenaar and Donal Brown (2020): Collective Renewable Energy Prosumers and 
the Promises of the Energy Union: Taking Stock. Energies 13 (January): 421. 

Hosseini, Seyed Ehsan (2020): An outlook on the global development of renewable and sustainable energy at the time of 
COVID-19. Energy Research & Social Science 68 (October): 101633. 

Hughes, Llewelyn and Johannes Urpelainen (2015): Interests, institutions, and climate policy: Explaining the choice of 
policy instruments for the energy sector. Environmental Science & Policy 54 (December): 52–63. 

IEA [International Energy Agency] (2021): World Energy Investment 2021. Paris: International Energy Agency. 
https://iea.blob.core.windows.net/assets/5e6b3821-bb8f-4df4-a88b-e891cd8251e3/WorldEnergyInvest-
ment2021.pdf (accessed: March 27, 2021). 

IRENA [International Renewable Energy Agency] (2018): Global Energy Transformation: A Roadmap to 2050 (2018 edi-
tion). Abu Dhabi: IRENA. https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Re-
port_GET_2018.pdf (accessed: August 1, 2022). 

IRENA [International Renewable Energy Agency] (2019): Business Models: Innovation Landscape Briefs. Website: 
https://www.irena.org/publications/2020/Jul/Business-Models-Innovation-Landscape-briefs (accessed: May 27, 
2021). 

Iskandarova, Marfuga, Agata Dembek, Maria Fraaije, William Matthews, Agata Stasik, Julia M. Wittmayer and Benjamin 
K. Sovacool (2021): Who finances renewable energy in Europe? Examining temporality, authority and contes-
tation in solar and wind subsidies in Poland, the Netherlands and the United Kingdom. Energy Strategy Re-
views 38 (November): 100730. 

Joskow, Paul (2014): Economic regulation and its reform: what have we learned? Ed. Nancy L. Rose. National Bureau of 
Economic Research conference report. Chicago, London: The University of Chicago. 

Kaminsky, Jessica A. (2022): Improving Public–Private Partnerships for Renewable Electricity Infrastructure in Lower- 
and Middle-Income Countries. Journal of Construction Engineering and Management 148, No. 5 (May): 
04022012. 

Kayser, Dirk (2013): Recent Research in Project Finance – A Commented Bibliography. Procedia Computer Science 17: 
729–736. 

KfW [Kreditanstalt für Wiederaufbau] (2022): Förderprodukte für Energie und Umwelt. Website: https://www.kfw.de/in-
landsfoerderung/Unternehmen/Energie-Umwelt/F%C3%B6rderprodukte/F%C3%B6rderprodukte-(S3).html 
(accessed: August 23, 2022). 

Khanna, Madhu (2021): COVID‐19: A Cloud with a Silver Lining for Renewable Energy? Applied Economic Perspectives 
and Policy 43, No. 1 (March): 73–85. 

Klier, Daniel (2019): Green finance is still stuck in the slow lane after New York Climate Week. CityAM. October 4. Web-
site: https://www.cityam.com/green-finance-is-still-stuck-in-the-slow-lane-after-new-york-climate-week/ (ac-
cessed: April 30, 2022). 



34     |  HOLSTENKAMP, WIESENTHAL, MEMON 

 

Krupa, Joel and L.D. Danny Harvey (2017): Renewable electricity finance in the United States: A state-of-the-art review. 
Energy 135 (September): 913–929. 

Kruschwitz, Lutz and Daniela Lorenz (2019): Investitionsrechnung. 15. ed. Berlin; Boston: De Gruyter Oldenbourg. 
https://www.degruyter.com/document/doi/10.1515/9783110598025/html. 

Künneke, Rolf W., Aad Correljé and John Groenewegen, eds. (2005): Institutional reform, regulation and privatization: 
process and outcomes in infrastructure industries. Cheltenham, UK; Northampton, MA: Edward Elgar. 

Le, Thai-Ha, Canh Phuc Nguyen and Donghyun Park (2020): Financing renewable energy development: Insights from 55 
countries. Energy Research & Social Science 68 (October): 101537. 

Li, Shuyu, Qiang Wang, Xue-ting Jiang and Rongrong Li (2022): The negative impact of the COVID-19 on renewable 
energy growth in developing countries: Underestimated. Journal of Cleaner Production 367 (September): 
132996. 

Löhr, Meike (2020): Energietransitionen: eine Analyse der Phasen und Akteurskoalitionen in Dänemark, Deutschland 
und Frankreich. https://doi.org/10.1007/978-3-658-30621-2. 

Loock, Moritz (2020): Unlocking the value of digitalization for the European energy transition: A typology of innovative 
business models. Energy Research & Social Science 69 (November): 101740. 

Lowitzsch, Jens, ed. (2018): Energy transition: financing consumer co-ownership in renewables. Cham: Palgrave Mac-
millan. 

Magazzino, Cosimo, Marco Mele and Giovanna Morelli (2021): The Relationship between Renewable Energy and Eco-
nomic Growth in a Time of Covid-19: A Machine Learning Experiment on the Brazilian Economy. Sustainability 
13, No. 3 (January 26): 1285. 

Malkiel, Burton G. (2003): The Efficient Market Hypothesis and Its Critics. Journal of Economic Perspectives 17, No. 1 
(March): 59–82. 

Matthäus, David and Michael Mehling (2020): De-risking Renewable Energy Investments in Developing Countries: A 
Multilateral Guarantee Mechanism. Joule 4, No. 12 (December 16): 2627–2645. 

Mazzucato, Mariana and Gregor Semieniuk (2018): Financing renewable energy: Who is financing what and why it mat-
ters. Technological Forecasting and Social Change 127 (February): 8–22. 

Merriam-Webster, Inc. (2022): Finance. Website: https://www.merriam-webster.com/dictionary/finance (accessed: May 
23, 2022). 

Mills, S.J. and Melissa Taylor (1994): Project finance for renewable energy. Renewable Energy 5, No. 1–4 (August): 
700–708. 

Minsky, Hyman P. (1977): The Financial Instability Hypothesis: An Interpretation of Keynes and an Alternative to “Stand-
ard” Theory. Challenge 20, No. 1 (March 1): 20–27. 

Monasterolo, Irene, Nepomuk Dunz, Andrea Mazzocchetti and Régis Gourdel (2022): Derisking the low-carbon transi-
tion: investors’ reaction to climate policies, decarbonization and distributive effects. Review of Evolutionary 
Political Economy 3, No. 1 (April 1): 31–71. 

Müller, Simon C. and Isabell M. Welpe (2018): Sharing electricity storage at the community level: An empirical analysis of 
potential business models and barriers. Energy Policy 118 (July): 492–503. 

Mundaca, Luis and Jessika Luth Richter (2015): Assessing ‘green energy economy’ stimulus packages: Evidence from 
the U.S. programs targeting renewable energy. Renewable and Sustainable Energy Reviews 42 (February): 
1174–1186. 

Netinbag (2022): Was sind die verschiedenen Arten der Investitionssteuergutschrift? Website: https://www.net-
inbag.com/de/finance/what-are-the-different-types-of-investment-tax-credit.html (accessed: February 17, 
2022). 



FINANCING THE POLYCENTRIC ENERGY TRANSITION  |     35 

 

Nevitt, Peter K. and Frank J. Fabozzi (2000): Project financing. 7. ed. London: Euromoney Books. 

Next Kraftwerke (2011): Direktvermarktung von Strom aus Erneuerbaren Energien- Definition. August 19. Website: 
https://www.next-kraftwerke.de/wissen/direktvermarktung (accessed: February 15, 2022). 

Next Kraftwerke (2021): Was ist die Marktprämie? November 16. Website: https://www.next-kraftwerke.de/wis-
sen/marktpraemie (accessed: November 16, 2021). 

Next Kraftwerke (2022a): Was ist der Energy-Only-Markt? July 6. Website: https://www.next-kraftwerke.de/wissen/en-
ergy-only-markt (accessed: February 15, 2022). 

Next Kraftwerke (2022b): Was ist ein Kapazitätsmarkt? July 6. Website: https://www.next-kraftwerke.de/wissen/kapa-
zitatsmarkt (accessed: February 15, 2022). 

Nicol, Morgane, Igor Shishlov and Ian Cochran (2018): Green Bonds: Improving their contribution to the low-carbon and 
climate resilient transition. Paris: Institute for Climate Economics [I4CE]. https://www.i4ce.org/wp-core/wp-
content/uploads/2018/03/I4CE-GreenBondsProgram-Contribution-Energy-Transition-web-2.pdf (accessed: 
April 27, 2022). 

Owen, Robyn, Geraldine Brennan and Fergus Lyon (2018): Enabling investment for the transition to a low carbon econ-
omy: government policy to finance early stage green innovation. Current Opinion in Environmental Sustaina-
bility 31. Sustainability governance and transformation 2018 (April 1): 137–145. 

Petrie, Murray (2021): Environmental Governance and Greening Fiscal Policy: Government Accountability for Environ-
mental Stewardship. Palgrave Studies in Impact Finance. Cham: Springer International Publishing. 
https://link.springer.com/10.1007/978-3-030-83796-9. 

Polinsky, A. Mitchell and Steven Shavell, eds. (2007): Handbook of law and economics. 1st ed. Handbooks in economics 
27. Amsterdam; Boston: North-Holland. http://hdl.handle.net/1721.1/45038. 

Polzin, Friedemann (2017): Mobilizing private finance for low-carbon innovation – A systematic review of barriers and 
solutions. Renewable and Sustainable Energy Reviews 77 (September): 525–535. 

Polzin, Friedemann, Paschen von Flotow and Laurens Klerkx (2016): Addressing barriers to eco-innovation: Exploring 
the finance mobilisation functions of institutional innovation intermediaries. Technological Forecasting and So-
cial Change 103 (February): 34–46. 

Polzin, Friedemann, Mark Sanders, Bjarne Steffen, Florian Egli, Tobias S. Schmidt, Panagiotis Karkatsoulis, Panagiotis 
Fragkos and Leonidas Paroussos (2021): The effect of differentiating costs of capital by country and technol-
ogy on the European energy transition. Climatic Change 167, No. 1–2 (July): 26. 

Polzin, Friedemann, Mark Sanders and Florian Täube (2017): A diverse and resilient financial system for investments in 
the energy transition. Current Opinion in Environmental Sustainability 28. Sustainability governance (October): 
24–32. 

Pratt, Mark and Alex Crowe (1995): Mezzanine finance. Bank of England Quarterly Bulletin 35: 370–374. 

PwC [PricewaterhouseCoopers GmbH] (2020): Power Purchase Agreements - PPA. Website: https://www.pwc.de/de/en-
ergiewirtschaft/infografik-energyfacts-ppa-deutsch-pwc.pdf (accessed: February 22, 2022). 

Raikar, Santosh and Seabron Adamson (2020): Renewable energy finance: theory and practice. London; San Diego, 
CA: Elsevier Academic Press. 

Reed, David and Pablo Gutman (2011): Energy+: Opportunities, Challenges and Options. Technical Working Group on 
the International Architecture for Climate Finance. https://wwfeu.awsassets.panda.org/downloads/2011_en-
ergy_.pdf (accessed: August 1, 2022). 

REN21 (2020): Renewables 2020 Global Status Report. https://www.globalwomennet.org/wp-content/up-
loads/2020/06/GSR2020_Full_Report_with_Endnotes.pdf (accessed: August 23, 2022). 



36     |  HOLSTENKAMP, WIESENTHAL, MEMON 

 

REN21 (2021): Renewables 2021 Global Status Report. https://www.ren21.net/wp-content/up-
loads/2019/05/GSR2021_Full_Report.pdf (accessed: August 23, 2022). 

Reuters, Thomson (2022): Investment Tax Credit (ITC). Website: https://uk.practicallaw.thomsonreuters.com/1-517-
6442?contextData=(sc.Default)&transitionType=Default&firstPage=true#:~:text=Invest-
ment%20Tax%20Credit%20%28ITC%29%20A%20US%20federal%20in-
come,up%20to%2030%25%20of%20their%20project%27s%20capital%20costs. (accessed: April 6, 2022). 

RNE [Rat für nachhaltige Entwicklung] (2019): Sustainable Finance. Die unterstützende Rolle der Bundesregierung. 
https://www.nachhaltigkeitsrat.de/wp-content/uploads/2019/02/20190208_RNE_Stellung-
nahme_Sustainable_Finance.pdf (accessed: August 23, 2022). 

Roberts, Josh (2019): What energy communities need from regulation. European Energy & Climate Journal 8, No. 3–4 
(July): 13–27. 

Salm, Sarah, Stefanie Lena Hille and Rolf Wüstenhagen (2016): What are retail investors’ risk-return preferences to-
wards renewable energy projects? A choice experiment in Germany. Energy Policy 97 (October): 310–320. 

Schwabe, P., K. Cory and J. Newcomb (2009): Renewable Energy Project Financing: Impacts of the Financial Crisis and 
Federal Legislation. n.p. http://www.osti.gov/servlets/purl/960303-pUyeQx/ (accessed: August 2, 2022). 

Schwerhoff, Gregor and Mouhamadou Sy (2017): Financing renewable energy in Africa – Key challenge of the sustaina-
ble development goals. Renewable and Sustainable Energy Reviews 75 (August 1): 393–401. 

Sedlitzky, Raphael and Yvonne Franz (2019): “What If We All Chip In?” Civic Crowdfunding As Alternative Financing For 
Urban Development Projects. Built Environment 45, No. 1 (April 1): 26–44. 

Semieniuk, Gregor, Emanuele Campiglio, Jean‐Francois Mercure, Ulrich Volz and Neil R. Edwards (2021): Low‐carbon 
transition risks for finance. WIREs Climate Change 12, No. 1 (January). https://onlineli-
brary.wiley.com/doi/10.1002/wcc.678. 

Shekhar, Jai, Dhruv Suri, Priyanshi Somani, Stephen J. Lee and Mahika Arora (2021): Reduced renewable energy stabil-
ity in India following COVID-19: Insights and key policy recommendations. Renewable and Sustainable En-
ergy Reviews 144 (July): 111015. 

Sousa, Tiago, Tiago Soares, Pierre Pinson, Fabio Moret, Thomas Baroche and Etienne Sorin (2019): Peer-to-peer and 
community-based markets: A comprehensive review. Renewable and Sustainable Energy Reviews 104 
(April): 367–378. 

Steffen, Bjarne (2018): The importance of project finance for renewable energy projects. Energy Economics 69 (Janu-
ary): 280–294. 

Steffen, Bjarne (2020): Estimating the cost of capital for renewable energy projects. Energy Economics 88 (May 1): 
104783. 

Steffen, Bjarne, Florian Egli and Tobias S. Schmidt (2020): The Role of Public Banks in Catalyzing Private Renewable 
Energy Finance. In: Renewable Energy Finance: Funding the Future of Energy, ed. Charles W. Donovan, p. 
197–215. 2. ed. Singapore: Stallion Press. 

Steffen, Bjarne and Tobias S. Schmidt (2021): Strengthen finance in sustainability transitions research. Environmental 
Innovation and Societal Transitions 41 (December): 77–80. 

Stein, Amy L. (2016): Breaking energy path dependencies. Brooklyn Law Review 82: 559–604. 

Sweerts, Bart, Francesco Dalla Longa and Bob van der Zwaan (2019): Financial de-risking to unlock Africa’s renewable 
energy potential. Renewable and Sustainable Energy Reviews 102 (March 1): 75–82. 

SWH Group (2021): Wie funktioniert NET METERING. November 17. Website: http://www.swhgroup.eu/de-net-meter-
ing.html (accessed: November 17, 2021). 



FINANCING THE POLYCENTRIC ENERGY TRANSITION  |     37 

 

Thiel, Andreas, Dustin Garrick and William A. Blomquist, eds. (2019): Governing complexity: analyzing and applying pol-
ycentricity. Cambridge studies in economics, choice, and society. Cambridge, UK; New York: Cambridge Uni-
versity Press. 

Tu, Qiang, Jianlei Mo, Zhuoran Liu, Chunxu Gong and Ying Fan (2021): Using green finance to counteract the adverse 
effects of COVID-19 pandemic on renewable energy investment-The case of offshore wind power in China. 
Energy Policy 158 (November): 112542. 

Venturini, Alessio (2022): Climate change, risk factors and stock returns: A review of the literature. International Review 
of Financial Analysis 79 (January): 101934. 

Vercelli, Alessandro (2011): A Perspective on Minsky Moments: Revisiting the Core of the Financial Instability Hypothe-
sis. Review of Political Economy 23, No. 1 (January 1): 49–67. 

Walker, Gordon and Patrick Devine-Wright (2008): Community renewable energy: What should it mean? Energy Policy 
36, No. 2 (February): 497–500. 

Warbroek, Beau and Thomas Hoppe (2017): Modes of Governing and Policy of Local and Regional Governments Sup-
porting Local Low-Carbon Energy Initiatives; Exploring the Cases of the Dutch Regions of Overijssel and Frys-
lân. Sustainability 9, No. 1 (January 7): 75. 

WBGU [Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveränderungen] (2012): Finanzierung der globa-
len Energiewende. Website: https://www.wbgu.de/fileadmin/user_upload/wbgu/publikationen/politikpa-
piere/wbgu_pp7_dt.pdf (accessed: November 8, 2019). 

Wierling, August, Valeria Schwanitz, Jan Zeiß, Celine Bout, Chiara Candelise, Winston Gilcrease and Jay Gregg (2018): 
Statistical Evidence on the Role of Energy Cooperatives for the Energy Transition in European Countries. 
Sustainability 10, No. 9 (September 18): 3339. 

Wiser, Ryan H. (1997): Renewable energy finance and project ownership. Energy Policy 25, No. 1 (January): 15–27. 

Yescombe, E. R. (2014): Principles of project finance. 2. ed. Amsterdam; Boston: Academic Press. 

Zeigert, Benedikt (2021): PPA-Photovoltaik-Projekte zeigen 2021 ein starkes Wachstum. September 27. Website: 
https://www.pv-magazine.de/2021/09/27/ppa-photovoltaik-projekte-zeigen-2021-ein-starkes-wachstum/ (ac-
cessed: February 22, 2022). 

Zhang, Dayong and Qiang Ji (2022): Review of the Development of Energy Finance. In: Applications in Energy Finance, 
ed. Christos Floros and Ioannis Chatziantoniou, p. 3–24. Cham: Springer International Publishing. 
https://link.springer.com/10.1007/978-3-030-92957-2_1. 

 

 



 

 

 
 
 
 
 
 
 
 

www.steuerboard-energie.org/english/ 




