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Abstract: This article corresponds with the research on the implementation of general 
sustainable development ideas. Moreover, it addresses the issue of using securitization 
in financing the solar energy market in the U.S. The aim of the research is to identify the 
essential characteristics of lease securitization of photovoltaic installations, as well as 
illustrate the current market development of these instruments. The paper discusses 
theoretical framework of securitization, identifies essential characteristics of the pho-
tovoltaic installation market in the context of its potential regarding the use of the se-
curitization process, and presents the state of the securitization market in the discus-
sed area. The characteristics presented in the article are based on the examples of the 
United States economy – the birthplace of lease securitization of photovoltaic installa-
tions, as well as the only state, where the analysed instrument finds practical applica-
tion, so far.
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 Introduction

There is no doubt that electrical energy is one of the most important factors be-
hind the economic and civilization development of contemporary world econo-
mies. The dynamic processes of technical progress and increased innovation, 
which have been observed in the global economic system, as well as the grow-
ing world population directly translate into an increase in demand for elec-
tricity, and, consequently, lead to a greater scale of its production. At the same 
time, the necessity to implement a sustainable development concept is getting 
more and more prominent, which, in the context of the undertaken issue, can be 
understood as a certain compromise between maintaining the usefulness and 
quality of natural resources and satisfying the global economy's demand for 
electricity. As a consequence, the market of energy that comes from renewable 
energy sources is becoming increasingly important not only in the conscious-
ness of modern societies, but also in the attitudes and actions of the broadly de-
fined participants of economic life.

The research methodology  
and the course of the research process

This article falls into the mainstream part of the interest in instruments that 
support the implementation of sustainable development objectives, and aims 
at identification of essential characteristics of lease securitization of photovol-
taic installations, as well as illustration of the current market development of 
these instruments. The paper discusses theoretical framework of securitiza-
tion, identifies essential characteristics of the photovoltaic installation market 
in the context of its potential regarding the use of the securitization process, 
and presents the state of the securitization market in the discussed area. The 
characteristics presented in the article are based on the examples of the United 
States economy – the birthplace of lease securitization of photovoltaic installa-
tions, as well as the only state, where the analysed instrument finds practical 
application, so far1.

1 This study takes the form of a review article that summarizes the current state 
of knowledge and experience in the field of securitization of leasing photovoltaic 
installations as presented on the example of the U.S. economy. Focusing considerations 
on the example of the U.S. is deliberate and justified by two different prerequisites. 
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Theoretical framework of securitization process

Securitization is defined as a process during which diversified pool of financial 
assets, together with cash flow they generated, are isolated from initiator’s bal-
ance (company, financial institution, government or local government unit), se-
cured by means of internal and external methods, and made legally independ-
ent in the so-called special purpose vehicle (SPV), which then refinances the 
purchased asset pool through the issuance of debt securities in domestic and 
(or) international capital markets (Reksa, 2007, pp. 5–6). Executing securitiza-
tion transaction by the initiator, and thus financing business activity by means 
of this mechanism, is therefore conditioned by the category of assets in the ini-
tiator’s balance sheet. It is considered that anything that has value and gener-
ates regular financial flows may be the subject of securitization (Bartos, 2006, 
p. 286), whereas assets subject to this process should be characterized by the 
certainty of future issuances and their full predictability as to the date and size. 
In order to strengthen securitization process, mainly in the scope of manage-
ment of claims of investors who acquire securitized asset-backed debt securi-
ties, it is required that (Waszkiewicz, 2011, pp. 45–47):
 ■ the process of standardizing securitized assets in the scope of their type 

is carried out, choosing relatively similar assets without combining their 
different categories;

 ■ long-term assets, whose liquidation period is longer than 1 year, are sub-
ject to securitization;

 ■ there is substantial likelihood that selected assets are satisfied by the deb-
tors;

Firstly, as it was already mentioned, the pioneering securitization transactions used in 
financing of the solar energy market have been carried out in the U.S., and therefore the 
empirical material will have relatively long history (compared to other countries, where 
the securitization mechanism is used in financing of the renewable energy market). 
Secondly, focusing solely on the U.S. economy and omitting international comparisons 
stems from the fact that the securitization of leasing of photovoltaic installations is not 
practical in other economic systems. It is true that there exist press reports regarding 
the use of securitization in the financing of the Chinese solar market, however, this 
model of integrated funding is based on bank loans financing photovoltaic installations 
and not, as in the case of the U.S. economy, direct lease of photovoltaic installations. 
The completely different nature of securitization models means that comparing figures 
without identifying different financing structures would be unjustified.
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 ■ a bundle of securitized assets is diversified and big enough (both in terms 
of value and volume) to minimise risk associated with these assets2.

In their essence, securitization transactions go well beyond financing of activi-
ties carried out by the initiator of such process. The literature on the subject in-
dicates that decisions on the use of securitization may be justified because of:
 ■ need to change the company’s asset structure and diversified its sources 

of financing;
 ■ possibility to reduce the cost of capital financing the entity’s activity;
 ■ necessity to manage company’s risk;
 ■ seeking to obtain a higher position in ratings;
 ■ necessity to meet regulatory requirements (especially in the scope of ca-

pital adequacy);
 ■ managing tax liabilities3 (cf. Fabozzi & Kothari, 2008, p. 13 et seq.; Ko-

thari, 2006, p. 97 et seq.; Davidson, Sanders, Wolff & Ching, 2003, p. 15 
et seq.).

The multidimensional nature of benefits, which result from executing se-
curitization transactions, is a derivative of this process foundation – isolation 
and transfer of assets to Special Purpose Vehicle (SPV). The preferences of ini-
tiator of securitization, which regard the expected benefits, are difficult to be 
assessed, as in principle, along with the transfer of assets, each of the above as-
pects occurs jointly, although to a different extent. It is thus concluded that the 
basic premise for securitization is a financial aspect expressed in converting 
low-level liquid assets into cash that supports the process initiator’s activities. 

Asset securization and the financial crisis –  
to securitize or not?

Asset securization constitutes one of the most complicated funding techniques 
and an important part of the modern financial engineering instrumentarium 

2 It is important to maintain the principle stating that a small number of debtors 
should not be responsible for the disproportionately high value of liabilities, while di-
versification of debtors should occur in the geographical scope and within the nature 
of their activity – for example, an originally obliged group should not consist only of 
entrepreneurs operating in the same area and bearing the same economic risk (Racz-
kowska, 2001, p. 18).

3 The use of securitization in the process of tax optimization is described by 
(Półtorak, 2017).
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(Półtorak, 2017, p. 78). This particular type of innovation in the field of capital 
absorption was created in the American financial system in the 1970s (Kotha-
ri, 2006, p. 112), in the period of increased demand for condominium units, the 
purchase of which was financed with a significant share of long-term mortgage 
loans. In order to face the growing demand for mortgage lending, it became 
necessary to refinance existing debt securities, thus encouraging financial in-
stitutions to look for ways to expand and diversify the sources of financing of 
rapidly progressing crediting lending (Buchanan, 2017, pp. 12–13; Półtorak, 
2005, p. 123). On this basis, a financial concept based on portfolios of granted 
mortgage loans was created. The concept, by its very nature, focused on the is-
sue of debt securities backed by a collection of bank liabilities, which constitut-
ed a source of ongoing servicing of issued securities, as well as their future pur-
chase. This financial funding process carried out in 1970 by the Government 
National Mortgage Association is considered the first securitization process in 
history (Deku & Kara, 2017, p. 59).

The success of a mortgage portfolio-based transaction created the basis for 
expanding the portfolio of assets that were the subject of the securitization. 
The foundations of the analysed mechanism included, among others, leasing li-
abilities, receivables deriving from car loans, receivables from credit cards, stu-
dent loans or proprietary copyrights. The progressing diversification of assets 
subject to securitization, the increasing diversification of instruments result-
ing from this process, as well as the high degree of complexity and the lack of 
transparency in transactions had led to a situation, where securitization start-
ed to be regarded the source of the financial crisis of the 21st century (Buszko 
& Krupa, 2016, p. 76; Waszkiewicz, 2011, p. 13). However, this view was not jus-
tified in the statistics relating the insolvency risk diagnosed for the debt secu-
rities market. The estimates of the rating agency Stadard & Poor's indicate that 
the credit risk concerned only 7.7% of the value of securitization transactions 
conducted on the basis of the U.S. financial system, being a little over than the 
default rate of issuers of classical corporate bonds (6.34%) (Blommestein, Kes-
hinler & Lucas, 2011, p. 3).

Certainly, securitization is strongly related to the rationale of the recent fi-
nancial crisis and has contributed to the escalation of the recession of financial 
markets. Nevertheless, after some time and many thorough analyses and eval-
uations, securitization, as a funding method, has been recognized as a solution 
that enables effective risk management; ensures a direct access to the capi-
tal markets based on the assets of the entity initiating this process; is used to 
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manage the structure of assets and sources of their financing, and thus allows 
collection of funds in a less costly manner than in the case of traditional debt 
instruments (bonds or short-term debt securities).The financial crisis only re-
vealed the weaknesses of the current securitization model, which concern four 
main areas: (1) loans with increased credit risk (including subprime loans) 
should not be the subject of securitization; (2) bank loans granted with the in-
tention of their further resale under the securitization process entail the risk 
of fraud (moral hazard); (3) a conflict of interest, which is consistent with prin-
cipal–agent problem, can be observed in the securitization structure4 (4) se-
curitization market participants attach excessive importance to mathematical 
models and related ratings, regardless of the other elements that make up the 
complexity of the securitization mechanism (Schwarcz, 2010, p. 595). In this 
regard, the correlation between securitization and the 21th century financial 
crisis should be perceived in terms of the weakness of financial architecture, 
especially norms and prudential regulations (Mrzygłód, 2012, p. 31), which ac-
company the conducted transactions.

Graph 1. Value of the securitization market in the United States, taking into account 
the value of new issues in 1985–2017 (in billion USD)

 

 
Source: own work based on: www2. 
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4 Cf. (Paligorova, 2009).
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Awareness of the benefits brought by securitization and severe verification 
of the imperfections of the regulatory environment of this process is reflect-
ed in the activities aimed at improving the efficiency and security of transac-
tions. The fundamental conclusion that arises from the recent financial crisis 
is not to stop applying securitization, but to strengthen the regulatory frame-
work and the security of these transactions. Consequently, securitization un-
derstood as a mechanism of capital absorption still has a practical application 
(graph 1), and, more importantly, it shows development trends, gradually in-
cluding more and more categories of assets. One of them is solar energy (more 
precisely – financial flows generated by photovoltaic installations) that is the 
subject of this study.

Leasing of photovoltaic installations –  
a new class of assets subject to securitization process

The concept of using securitization in financing the solar energy market stems 
from the American economic system and politics regarding renewable energy 
sources. Between 2005–2015, the American market of energy obtained from 
solar radiation had been growing extremely dynamically – solar energy pro-
duction had increased more than fifty times, and the number of installed pho-
tovoltaic installations recorded a 77-fold increase (O’Sullivan & Warren, 2016, 
p. 4). The dynamics of these processes resulted in a situation where in 2015 the 
U.S. economy was responsible for 15% of global solar production, as compared 
to the 7% share achieved in 2011 (Jacoby, 2013, pp. 205–206). The factors stim-
ulating the development of the American solar energy market include, first and 
foremost, federal tax preferences (cf. Comello, Reichelstein, 2015) and falling 
costs of photovoltaic installations. It is estimated that in 2010 the average cost 
of a single photovoltaic installation amounted to USD 7.24 per unit of energy 
produced (1 Watt DC), whereas in 2017, the cost was USD 2.805 (Fu, Feldman, 
Margolis, Woodhouse & Ardani, 2017, p. VI).

A consequence of the development of the solar energy market is an in-
creased demand among potential users for funding photovoltaic installations. 

5 The indicated costs regard photovoltaic installations in residential property sec-
tor. The cost statistics for photovoltaic installations for other user categories is pre-
sented in: (Fu, Feldman, Margolis, Woodhouse & Ardani, 2017, p. VI). It should be added 
that successive decrease in unit costs of systems used to acquire solar energy can be ob-
served in every segment of customers who bought photovoltaic installations.
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Under market economy conditions that are the subject of this article, two basic 
forms of ownership of solar systems have been developed, namely installations 
which constitute an object subject to ownership rights and installations which 
are objects of use (without transfer of ownership rights). Therefore, in the sta-
tistics regarding the analysed market (e.g. studies periodically published by 
GTMResearch (www1) there can be observed a dichotomous and aggregated 
division of funding sources of photovoltaic installations into those that require 
a transfer of ownership rights of a given system to its user (own funds of users, 
credits and loans), and those which give only the right to use and derive bene-
fits from the installation (leasing). The way in which data is presented does not 
diminish its cognitive value, as the leasing of solar installations is at the heart 
of the process of solar energy securitization.

Graph 2. The ownership structure of photovoltaic installations  
in the USA in 2010–2015
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The ownership structure of photovoltaic installations (graph 2) illustrates 
this market potential as an area where securitization mechanism can be ap-
plied. From 2010 to 2015, there could be observed a successive increase in the 
importance of leasing in financing solutions for obtaining solar energy, which, 
together with high growth of the discussed market, justify the need of opera-
tors to seek sources of capital, while acting as financial intermediaries. Mari-
nating this development trend in the solar energy market requires an adequate 
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capital basis that allows provision of both photovoltaic installations and fund-
ing in the form of a lease6. In 2013 alone, provision of solutions to the U.S econ-
omy, which was aimed at achieving 3.3 GW of solar energy, cost market opera-
tors USD 12 billion (Alafita & Pearce, 2014, p. 489).

Under the U.S. financial system conditions, the increasing capital needs of 
operators on the photovoltaic installation market are met under the securiti-
zation transactions. The activities of these entities (apart from providing solar 
energy systems) are based on concluding long-term leasing agreements, which 
generate financial assets as well as bring a steady and diversified cash flow. 
The characteristics of this part of the assets of entities that provide solar sys-
tems reflect the desirable features of the collateral assets used in the securiti-
zation process.

Graph 3. Value of the lease securitization market of photovoltaic installation  
in the U.S., taking into account the value of new issues in 2013–2017 (in billion USD)

 
Source: own work based on: www2. 
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6 Photovoltaic installation leasing in essence does not deviate from model objec-
tives of this financing instrument. The user of the installations signs a new long-term 
agreement (usually for 20 years), based on which they acquire a right to obtain bene-
fits from a system that converts solar radiation into electrical energy, and thus commit 
themselves to pay interim payments (rent) (Jacoby, 2013, p. 213).
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The potential of securitization in the financing of solar energy market was 
initially recognized in 2013, when, for the first time in history, instruments of 
this class were issued (graph 3). Over the five-year period of operation, this 
market was gradually increasing its value, and experienced an impressive 
sales growth – 2014/2013 – 300%; 2015/2014 – 167%; 2016/2015 – 160%; 
2017/2016 – 263%. The reasons why operators from the solar energy market 
are more and more interested in financing through securitization mechanism 
stem from the above-mentioned need to release capital frozen in financial as-
sets (leasing agreements) in order to use it to finance subsequent photovoltaic 
installations. It is also worth mentioning that the market of solar energy se-
curitization, despite high sales growth, is quite small when compared to the 
American market of financial instrument securitization. In 2013, solar energy 
securitization accounted for 0.01% of the total value of securitization transac-
tions carried out in the U.S., and in 2017 – 0.14%.

The past experiences regarding lease securitization  
of photovoltaic installations in the U.S.

A short period of securitization market operation based on leasing of photovol-
taic installations results in the lack of aggregate figures and in-depth analyses 
of this market. The published information is fragmentary and comes from in-
formation published as part of relations between investors. Therefore, it pre-
sents selective statistics that characterize securitization programmes carried 
out by entities that use this mechanism to finance their business activities. One 
of the few works attempting to organize the current state of the lease securiti-
zation market of photovoltaic systems is presented by O'Sullivan and Warren 
(2016). O’Sullivan and Warren evaluate the market based on the relation be-
tween two parameters: (1) power of photovoltaic systems, which are financed 
through leasing subject to securitization, and (2) total power of installed pho-
tovoltaic systems. The estimates show that from 5.6 GW of the total power of 
installed photovoltaic systems, the securitization process covered systems 
representing 0.438 GW of power (figures presented in the aggregated manner 
at the end of the first quarter of 2016). It therefore appears that the securitiza-
tion process covered 7.8% of the provided photovoltaic systems, which are fi-
nanced through leasing (O’Sullivan & Warren, 2016, p. 17). Such a high share of 
securitization in financing of photovoltaic installations is justified by the struc-
ture of operators performing activities in the U.S. solar energy market. This 
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market is oligopolistic and comprises three companies – SolarCity, Sunrun and 
Vivint Solar, which together have 73% share in the photovoltaic installation 
market (respectively: 40%, 18% and 15% share of the market; data referring 
to the end of 2016) (www1). This is important since the entity that is the most 
active in terms of performing securitization transactions concerning leasing of 
photovoltaic installations is SolarCity.

Table 1. Characteristics of selected securitization transactions  
for leasing photovoltaic installations in the USA in 2013–2016

Initiator  
of securitization process SolarCity Sunrun

Series LMC  
Series I

LMC  
Series II

LMC  
Series III

LMC  
Series IV

LMC  
Series V Callisto

Closing Date November 
2013

April  
2014

July  
2014

August  
2015

March  
2016

August  
2015

Expected Maturity (years) 13 8 8 6.5 6.5 9

Yield 4.80% 4.59% 4.32% 4.42% 6.25% 4.50%

Value of issuances  
(in USD millions)

54.4 70.2 201.5 123.5 49.6 111

Net present value of the 
contracted solar cash 
flows (in USD millions)

87.8 106.2 276 182 76.4 146.5

Overcollateralization 38% 34% 27% 32% 35% 24%

S o u r c e : own work based on: O’Sullivan & Warren, 2016, p. 16; www3.

In 2013–2016, SolarCity implemented 5 securitization processes based on 
the lease of photovoltaic installations. The first funding programme, which ini-
tiated new class of assets subject to securitization process, was conducted in 
2013, and brought USD 54.4 million of debt capital bearing annually interest of 
4.8%. Liability servicing against investors was based on cash flows generated 
by photovoltaic installations, which were provided and financed through leas-
ing. Moreover, in order to reduce the risk of harmful interference with liabil-
ity servicing, overcollateralization of 38% issue value was adopted (table 1). 
Subsequent securitization processes performed by SolarCity in principle cor-
responded to the same structure. Nevertheless, there can be observed a re-
duction in debt maturity date – the first securitization programme required 
instruments with maturity date up to 13 years, while in the case of other in-
struments, the maturity date was 8 and 6.5 years.
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In 2015, Sunrun, the second largest operator on the U.S. solar energy mar-
ket, made its debut on the lease securitization market of photovoltaic instal-
lation. The parameters of the securitization carried out by the company, in 
principle, do not differ from the standard adopted by SolarCity. Sunrun car-
ried out a securitization program, under which instruments with a total value 
of USD 111 million and an interest rate of 4.5% were issued. Furthermore, the 
same form of collateral in transaction (overcollateralization = 24%) was used, 
and the issued instruments were granted the characteristics of long-term debt 
securities with maturity date up to 9 years. It is worth mentioning that the last 
characteristic, i.e. long-term nature of instruments issued within the analysed 
securitization processes, justifies the trend of a significant increase in the val-
ue of the market in question (figure 3).

 Conclusion

Securitization of solar energy is a new and dynamically developing segment 
of the American financial market. The short history of securitization based on 
a new asset class makes it impossible to formulate unambiguous assessments 
regarding future development perspectives of this mechanism. Nevertheless, 
previous experience leads to the conclusion that the securitization mecha-
nism can play an important role in supporting the dynamically developing so-
lar energy market. The realization of long-term financial assets (represented 
by concluding leasing agreements) provides an initiator of securitization with 
a chance to extend the scale of operations and diversify sources of financing, as 
well as allows lowering the cost of capital and transferring risk associated with 
securitized assets.

In this respect, it should be noted that the potential prerequisite for the de-
velopment of securitization market, which is based on a lease of photovoltaic 
installations, is its strong connotation with the concept of sustainable devel-
opment. It is an important factor for both investors, especially those for whom 
the concept of socially responsible investment is dominant when undertaking 
activities, and issuers, who due to the risk of financing pro-ecological activi-
ties, may face difficulties in raising capital for the development of their opera-
tions (in this case, tailoring the offer of securitised financial instruments to in-
vestors implementing the concept of socially responsible investment may be 
a chance to gather hitherto unavailable funds).
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Despite the undisputed advantages and potential benefits of lease securiti-
zation of photovoltaic installations, attention should be paid to the foundations 
for further development of the market for these transactions. Based on the ana-
lyzed market history, it can be concluded that the performed transactions were 
occasional, and the value of the lease securitization market of photovoltaic in-
stallations was essentially built up by one issuer. Therefore, this leads to the 
question about the basis for the sustainable development of the market of these 
transactions.

Particular attention should also be given to another problem regarding var-
ious risk categories connected to securitization transactions of photovoltaic in-
stallation lease. These include risk associated with varying weather conditions 
(determining the efficiency of solar energy systems), risk of changes in prices of 
electricity generated from traditional fossil fuels (shaping energy consumption 
patterns), and political risk (affecting the conditions and law regulating the so-
lar energy market). Although distinguishing these types of risks is of particular 
importance, it does not help in solving this problem.
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