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ABSTRACT
Urban street lighting infrastructure is responsible for about 40 % of the total energy
consumption in European cities. Investment in its upgrade offers energy savings of 50-70%; it is also
usually very cost-effective and has a payback period of only 3-5 years. In spite of these arguments, a
large share of the infrastructure in many European countries requires an upgrade. The budgetary
constraint of its owners, who are often municipalities, is a common reason. To overcome it, creative
financing models are required to attract private investors and overcome the barrier of high up-front
investment costs.
The paper presents the results of a piece of research, which aimed to identify financing models
available for energy efficiency upgrades of street lighting and guide municipalities of Central Europe how
to make a choice among them. The research represents one of the tasks of the Dynamic Light project,
which aims to promote dynamic, intelligent and energy efficient urban lighting and which is supported
by the Interreg Central Europe platform.
The paper identifies twenty financing models, falling into the categories of self-financing, debtfinancing, third party financing, public-private partnerships, financing by utilities, or by citizens. It
evaluates the models using a common framework pointing to model’s advantages and disadvantages
from the municipality point of view. The paper further presents a decision-making tree and discusses
such key decision factors as availability of public funding, project size and bankability, maturity of the
energy service market, municipality’s borrowing capacity, availability of financial instruments from
commercial financial institutions, and others. The paper concludes with the key messages of the paper.

Introduction
Urban street lighting infrastructure is responsible for about 40 % of the total energy
consumption in European cities (Ożadowicz and Grela 2017). Investment in its upgrade may reduce
energy consumption by up to 50-70%; it is usually highly cost-effective and has a short payback period of
3-5 years1 (E-street project 2008; European Commission 2013). In spite of these advantages, a large
share of the infrastructure in many European countries requires refurbishment. Budgetary constraints
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on infrastructure owners, who are often municipalities or municipality-owned companies, is frequently
cited as a reason for inaction.
Many municipalities and municipality-owned utilities retrofit the street lighting infrastructure
from own resources. However, because they often lack sufficient capacity and/or funds for the upgrade,
they frequently seek support from public sources, usually in the form of grants or concessional loans. In
turn, these resources are also often not enough leading to the need of leveraging finance from other
sources, in particular, private finance. Attracting these parties will require creative financing models.
The paper presents the final results of a piece of research, which aimed to assist the decisions of
municipalities in Central Europe on financing energy efficiency upgrades of street lighting. The task was
to identify financing models available and guide municipalities how to make a choice among them. The
geographical focus is on the countries of Central Europe including Austria, Croatia, the Czech Republic,
Germany, Hungary, Italy, Poland, Slovakia, and Slovenia. The research represents one of the tasks of the
Dynamic Light project2, which aims to promote dynamic, intelligent and energy efficient urban lighting
and which is supported by the Interreg Central Europe platform3.
The paper identifies and reviews twenty models which rely on financing from own resources,
debt, private contractors, public-private partnerships, utilities, and citizens. It also evaluates advantages
and disadvantages of these models using a common framework. Based on this information, the paper
further designs a decision-making tree and discusses the key decision factors.
The main target audience of the paper is the organizations that own, operate, and take
decisions on the upgrade of street lighting infrastructure in Central Europe, e.g. municipal governments,
municipally owned utilities, and the private or partially private companies delivering these functions. It
could also be useful for the organizations that play a role in financing the street lighting upgrades, such
as the operators of European Union (EU) funds and federal support schemes, public and commercial
banks, energy service companies, manufacturers of advanced lighting solutions, and institutional
investors interested in diversifying their portfolios as well as expert and research community.

Methodology
Data collection from Internet search and literature
There have been several data collection approaches, which we relied on. Above all, we gathered
information available in the public domain. In particular, we identified and learned the documentation
of projects, which have already conducted similar studies in the past. We also gathered other
information available, e.g. from reports, articles, interviews, and internet websites. Finally, we used the
extensive experience of SWARCO V.S.M. GmbH4, who was a partner in our project consortium, as a
manager of street lighting infrastructure in a large number of cities.
From our review, we concluded that so far there has been no recent comprehensive catalogue
of the financing models and their applications for energy efficient street lighting in Europe. Therefore,
we decided to design a survey to gather additional information.
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Data collection through survey
Aiming to design high quality and the most useful survey, we applied a two stage approach.
First, we conducted a survey among project partners using an online-based questionnaire. After the
analysis of this internal survey, we further improved the questionnaire, and sent it out to the expert
community and stakeholders related to street lighting beyond our consortium. For this, we identified
the contacts of thirty four municipal, city, town, and county associations in Central Europe and asked
them to forward our survey to their members, e.g. municipalities, cities, towns, and counties. We also
identified the contacts of around 300 key stakeholders and sent them invitations to fill out the survey.
These stakeholders included representatives from regional or national energy agencies, utilities, product
manufactures, engineering service providers, energy services companies, and researchers. Finally, we
also sent out the survey through the global mailing list Climate-L5.
Our survey was answered by fifty nine respondents. Out of these, fifty five respondents were
from the EU countries. These were the representatives of fifteen municipalities, two associations of
municipalities including the Association of Cities of the Republic of Croatia; the Association of Polish
Cities, four regional energy and development agencies including the North-West Croatia Regional Energy
Agency, the Energy Agency for Southeast Sweden, the APE FVG Energy Management Agency of Friuli
Venezia Giulia, and AGIRE Energy Agency of the Province of Mantova of Italy; five lighting product
manufactures; three energy service contractors and/or energy service companies and/or their
associations; twenty one research organizations or consultancies, and six consumers.
To identify financing models and their applications, we asked survey respondents which of the
financing models they have knowledge of, have used, or have knowledge of a case study. To help
answer this question, we provided a choice of common models, as well as an option to name additional
models not included in the provided list. In the latter case, we asked for the additional contacts to
request more details. The questionnaire and detailed results are presented in a dedicated report
“Baseline inventory” (Novikova et al. 2017a).
Data analysis and validation
Each financing model identified was analyzed in a common framework. First, we provided a
model overview drawing its schematic structure e.g. its key actors and their roles. Second, we analyzed
the types of projects, which could be financed using these models. Third, we argued about the
advantages and disadvantages of the models. Finally, for each business model we provided a selected
case study, for which we went even into deeper details of the model context, scope, stakeholders,
implementation experience, and outcomes.
To validate our results, we contacted experts, who were involved into the implementation of
case studies and conducted their email or phone interviews. These experts represented such
organizations as municipalities, their companies, and financing intermediaries as listed in the
acknowledgment section.
Above all, we focused on the financing models and their case studies in Central Europe.
However, when a useful model was identified but was available only outside Central Europe, we include
such case studies prioritizing such from the EU, then from Europe, and finally worldwide.
The present paper analyzes and evaluates the models pointing to model’s advantages and
disadvantages from the municipality point of view. It also discusses such key decision factors for
choosing the most relevant model as availability of public funding, project size and bankability, maturity
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of the energy service market, municipality’s borrowing capacity, availability of financial instruments
from commercial financial institutions, and others.

Review and assessment of financing models
Review of financing models
As a result of our research, we identified many models to organize financing for the upgrade of
street lighting infrastructure. These include different alternatives of self-financing, debt-financing, thirdparty financing, and financing using public-private partnerships as it is presented in Figure 1. Further, we
briefly describe each of these categories.
Figure 1. Financing models for street lighting infrastructure by type of financing
Self-financing
• Budget allocation
• Internal contracting
• External revolving fund

Leasing or concession to
a private partner
• Leasing
• Concession to a private
partner

Debt-financing
•
•
•
•

Concessional loans
Commercial loans
Bonds
Institutional investors

Financing by a private
contractor

Financing through energy
savings (EPC)

• Simple contracting model
• Contracting with forfeiting
and waiver of defense

• Guaranteed savings
model
• Shared savings model
• Other energy
performance contacting

Financing by utilities
Project finance
• Special purpose vehicle
(SPV)

• Energy Efficiency
Obligation Schemes
• On-bill financing

Financing by citizens
• Crowdfunding

Source: Novikova et al. 2017b.
Self-financing. In the most straightforward financing model, street lighting upgrades are paid for
from own funds of municipalities or through grants available from national or EU programmes. To
minimize the burden on taxpayers, the public sector can help raise funds by designing and implementing
additional schemes (for example, an internal performance contracting or designated revolving fund).
Debt-financing. Many municipalities with limited own funds issue debt, which is then paid back
from the tax revenue of municipalities and/or saved energy costs. Municipalities can issue municipal
bonds or obtain a concessional loan from available public lending programmes or a commercial loan
from a commercial bank.
Financing by a private contractor. Municipal actors can reallocate the burden of financing street
lighting infrastructure to third parties, for example by entering into an agreement with an energy service
contractor. There is wide variation among such contracts. In a simple contracting model, the contractor
directly receives a contracting fee, which covers the costs of planning, financing and executing the
infrastructure retrofit, including the margin. In a more complex model with forfeiting and waiver of
defense, the roles played by the city and the contractor are similar to those under the simple
contracting model, but a bank enters into agreements with the contractor and the city.
Financing through energy savings. The other configuration to engage private finance is energy
performance contracting (EPC) models, which can be implemented when the municipality or contracted
party pays for its energy supply. In this model, the energy costs saved by reducing consumption are used
to finance the street lighting retrofit. Typically, the contracted energy service company guarantees a
certain target level of energy savings. In shared savings EPC models, additional energy savings achieved
on top of the guaranteed level are shared between the municipality and the contractor.
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Leasing or concession to a private partner. Leasing models are also used to finance street
lighting upgrades. Leasing entails the sale of street lighting infrastructure ownership rights by a
municipality to a private contractor, conditional on the upgrade, operation, and management of that
infrastructure by the contractor. The municipality then leases it from a private contractor for a fixed fee
over a set period, after which the ownership rights are transferred back to the municipality. In the case
of a concession contract, a private partner is granted rights to operate and maintain street lighting and
accrues all benefits resulting from the energy efficiency upgrades.
Project finance. Project finance is often used to raise private capital for large bankable projects
with capital costs over approximately EUR 20 million. In this model, a special-purpose vehicle (SPV) is
established, which carries the investment project on its balance sheet. SPV structure is an important
advantage for both municipalities and private investors, because it removes the burden from the
balance sheets and isolates project risks within the SVP.
Financing by utilities. Energy Efficiency Obligation Schemes (EEOSs) are operational in eleven EU
Member States6. EEOS is a policy mechanism that requires energy providers and / or distributors
covered by the scheme to meet certain energy saving targets through investments into eligible end-use
energy efficiency measures. Depending on the specific country provisions, street lighting is also an
eligible measure. In the case of on-bill financing, utility provides a loan to a municipality for the upfront
investment and the municipality repays the cost through its energy bills. On-bill financing is not common
in Europe, but more spread in the United States.
Crowdfunding. Crowdfunding is a relatively new financing option and most often used by young
innovative companies and start-ups for small or medium-scale projects. It implies raising funds from a
large number of individuals or small-scale investors via online platforms. Crowdfunding creates a
community around the project, where people can be more involved and provide useful insights and
ideas to the project. Many community or city projects are also increasingly using this instrument.
Figure 2 presents a summary linking the funding sources discussed with the financing models
which unlock the capital for investment into street lighting infrastructure.
Figure 2. Decision-making tree for selecting a financing model

Public finance

Own resources
Grant
Concessional loan

Private finance

Loans
Bonds
Project finance
Energy efficiency obligations
On-bill financing
Loans
Bonds
Project finance
Crowdfunding

(Sub-)national finance
EU support
programmes

Budget allocation
Revolving fund
Intracting
Grant
Concessional loans

Utilities

Contracting
Energy performance contracting
Leasing
Concession

Citizens

Crowdfunding

FI & Banks
ESCOs & Installers

Institutional & other
private investors

Source: Novikova et al. 2017c.
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Comparative assessment of the models
The suitability of a financing option depends, in part, on its specific advantages and
disadvantages, as well as on the existing economic, market and legal conditions. As a part of our
research, we analyzed each identified model going into details of its architecture, projects to which it
could be applied, advantages and disadvantages. For each model, we provided at least one case study,
for which we went even into deeper details of the model context, scope, stakeholders, implementation
experience, and outcomes. This assessment is presented in “Best practice guide” to be issued later this
year (Novikova et al. 2017c).
Table 1 provides a summary of this research placing a special focus on the comparison of the
advantages and disadvantages of each model as well as projects for which it is suitable for. For example,
off-balance-sheet financing of street lighting upgrades reduces the burden on municipal budgets but is
contingent on project size and cash flows and may result in a loss of full project ownership and increase
the complexity of project implementation. Therefore, the appropriateness of a model will depend on
the specific characteristics and needs of the municipality.
Table 1. Key features of financing models from the perspective of municipality
Model

Advantages

Disadvantages
Self- financing

-owns and structures project
-carries fully up-front cost
-pays no interests on capital
-bears all investment risks
-receives saved energy costs
-may lack capacity
fully
Internal
-can reuse capital
-carry fully up-front cost
revolving
-do not need external capital
-bear all project risks
funds
-cooperate within their units
-may be less efficient than a
(intracting)
-pay no interests on capital
private actor
-can reuse capital
-carries high transaction cost
-may involve private investors
of a fund set up
External
-may merge its funds with -carries high labor costs
revolving
other municipalities, if small
-may experience tensions if
funds
-may design a self-sustaining private & public capital is
fund
merged
Debt-financing
-pays low interest rates
-may have special conditions
Concessional
for energy efficiency projects
loans from
-pays interests on capital
-can combine this model with
public banks
another one (e.g. a revolving
fund)
-obtains conventional debt
Commercial -can combine this model with
based on their credit record
loans from another one (e.g. a revolving
-pays interest at market rates
banks
fund)
-has no special conditions
-carries costs of preparation
-can access capital at a lower
Municipal
-needs either a good credit
cost compared to lending from
bonds
rating or access to a bond
commercial banks
agency
Municipal
budget
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Projects financed
-any type given the
availability of the
budget and expertise
-any type, including
small
and
not
interesting for private
investors
-medium to large size
municipalities
-long-term
multiaimed oriented

-especially accessible
for public funding

-financially feasible
-any size

-medium to large
-financially feasible

Model

Advantages

Disadvantages
Projects financed
Debt-financing (continuation)
-may need to deal with a lack
-pays low cost of capital as of experience of institutional -large and competitive
Institutional
institutional investors are long- investors
in
sustainable in terms of financial
investors
risks and return
term orientated and risk averse projects
-carry high transaction costs
Financing by a private contractor
-may face higher financing
-does not carry project costs on
Simple
costs
compared
to
their balance sheet
contracting
concessional loans
-medium to large
-can select a contractor via
model
-may face restrictions on
tender
access to public support
-the same as in the previous -pays higher interest rates
Model with
model, as well as
than for concessional loans
forfeiting
-pays lower interest rates than -has to deal with complexity
-medium to large
and waiver
in the simple contracting -provides a guarantee to a
of defense
model
bank
Financing by a private contractor through energy savings – Energy performance contracting (EPC)
-may not find a contractor if a
-has no peaks in public project is too small (*)
-with
high
saved
-has
poor
financial
spending
energy costs (***)
EPC
with -outsources risks to contractors performance if energy prices
-municipalities must
guaranteed
-pays a constant bill over the are low (**)
have resources to pay
project period
-faces no motivation by the
savings
the fees as set in the
-pays lower operation costs private partner to deliver
contract (****)
once the contract ends
more energy savings than
guaranteed
-all as listed in the previous
EPC
with
model, as well as
-as (*) and (**) in the previous -as (***) and (****) in
shared
-receives a share of additional line
the previous line
savings
energy cost savings
-as (***) and (****) in
-as (*) and (**) in the model
EPC
the model above
-achieves maximum energy above
immediate
-projects with very old
savings as soon as possible
-will have relatively old street
savings
inefficient
lighting by the contract end
infrastructure
-as (*) and (**) in the model -as (***) and (****) in
EPC
above
the model above
-achieves a reasonably modern
staggered
-will achieve the whole -projects
with
lighting through the contract
savings
amount of energy savings at a luminaries of different
later stage
age
-obtains
more
accurate
EPC
with quantification
of
energy
-all as in the previous
related
savings
-all as in the previous model
model
payments
-receives a share of additional
energy cost savings
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Public-private partnerships
-spreads financial risks and -may run in higher costs of
Leasing by a
costs over time (*****)
leasing vs self-financing in the
contractor
- with high up-front
-outsources technical risks to a long term
to
cost
contractor (******)
-may have less control over
municipality
-has no increase in its debt
the assets
-as (*****) and (******( in the -may run in higher costs of
Concession
model above
leasing vs self-financing in the
- with high up-front
to a private -able to set standards in the long term
cost
partner
concession agreement
-needs good oversight of the
-has no increase in its debt
project
-isolates project risks within a
-large projects
-faces high transaction costs
Project
special purpose vehicle (SPV)
-a
consortium
of
related to the preparation and
finance
-may apply penalties if the SPV
investors
&
implementation of the SPV
fails to deliver the services
municipalities
Financing by utilities
Energy
-benefits from the pressure
efficiency
created by EEOSs on utilities to -needs strong regulatory
-possible in countries
obligation
meet their targets
framework
adopted EEOs
schemes
-reallocates the burden of -needs strong governance
(EEOS)
investing into energy efficiency
-repays investment through its
On-bill
energy bills
-faces lack of experience as
-small to medium size
financing
-enjoys
relatively
simple the model is rare in Europe
implementation
Financing by citizens
-has no guarantee that
sufficient funding will be
raised
-may
face
investors’
inexperience
Crowd-enjoy
additional
private
-may face the situation when -small to medium size
funding
investors
investors wish to exit
-faces a lack of regulation
-may face various issues with
responsibilities
towards
multitude of small investors
Source: authors’ results based on the analysis of a set of literature (ATEE 2015; Bonetti et al. 2010;
Climate Bonds Initiative 2017; De Marco et al. 2016; EnergyCities 2016; Bulgarian Energy Efficiency And
Renewable Sources Fund 2017; EPEEF 2017, n.d.; ESCAP 2008a, 2008b; ESMAP 2014; Esty and Sesia
2010; European Commission 2016a, 2016b, 2016c, 2017a, 2017b; Geissler 2013; IIGCC 2015; Irrek et al.
2005; Junghans and Dorsch 2015; Kaminker et al. 2017; Kidney et al. 2015; Kinzey 2015; LBNL 2012;
Limaye et al. 2014; Limaye and Limaye 2010; Link 2012; Makumbe et al. 2016a, 2016b; ManagEnergy
2017; Mendoza et al. 1999; Oxfam 2017; RAP 2012; Rosenow and Bayer 2016; Rosenow 2017; Scottish
Futures Trust 2013; Seifried 2011; Schaefer et al. 2017; Schilken and Wysslin 2013; Smart Cities Council
2015; Spillers 2000; Sustainable Energy Authority of Ireland n.d, 2014; The Climate Group 2013; US DOE
2016; WBG 2016a, 2016b; Zirkwitz 2016).
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Making decision on a relevant model and key deciding factors
Some of the key considerations in choosing a financing model are availability of public policies
and funding, project size and bankability, maturity of the market of energy service companies (ESCOs)
and energy service providers, municipality’s borrowing capacity, and availability of financial instruments
from commercial financial institutions. Figure 3 presents a decision-making tree for municipalities for
selecting a relevant financing model based on these factors. Further, we explain each of deciding factors
in detail.
Figure 3. Decision-making tree for selecting a financing model
Does municipality have sufficient own resources?

Municipal budget spending

yes

no

Are there concessional loans available?

yes

Revolving fund
Grant

no

Are there ESCOs active on the market?

Concessional loan

yes

Is project scope interesting for ESCOs?

yes

Energy performance contracting
(EPC)
EPC bundling

Do installers and service providers offer financing options?

yes

Contracting

Do utilities have energy efficiency obligations or offer financing
programmes ?

yes

no
no

no

Leasing / concession
Energy efficiency obligations

Is the project of a micro- or small size?

yes

no

On-bill financing
Is the project of a scale interesting for multiple private investors?

no

Do commercial banks offer loans for
energy efficiency projects?

Public finance

yes

Private finance

no

Intracting

Are there grants available from the (sub)national
or EU programmes?

Crowdfunding
yes

Commercial loan

yes

Has municipality good creditworthiness and borrowing capacity?
Has municipality the capacity to issue bonds?

yes

Municipal bonds

yes

Project finance

Source: authors’ illustration of the guide for street lighting adopted from ESMAP (2014).
Availability of public policies and funding
Many European or national funding resources and programmes offer finance at the lower cost
compared to commercial options, e.g. grants or concessional loans. A project that corresponds to the
funding priorities of a specific programme or fund can get financed conditional to the compliance with
their application criteria. Often those projects, whose risk profile or size are not interesting for private
investors, could also obtain funding from these programmes.
Depending on the funding source, municipalities can use it to finance project costs directly or to
design a revolving scheme to multiply and leverage additional private capital. National incentives and
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policies like energy efficiency obligation schemes offer an option to finance street lighting projects with
the help of utilities or other actors participating in the scheme. If available public funding is not
sufficient, municipalities can consider working with the private sector and commercial finance providers.
Project size and bankability
The larger the project is, the higher is the need for external funding and private sector
engagement. Also, complexity of financing arrangements may increase with the project size. In contrast
to public funding, private investors have specific risk-return requirements for projects. Street lighting
projects have more advantages compared to other energy efficiency investments, e.g. in buildings. They
have homogeneous technology, typically generate high energy savings and have a shorter payback
period as it is illustrated by implementation of city and municipal energy efficiency program throughout
Europe (Diputación de Huelva 2016; Paulík email com). Therefore, street lighting projects are usually
interesting for ESCOs or other private investors. Various financial instruments, e.g. loans, bonds, equity,
energy performance contracting models, leasing or concession models are available and widely used.
If the project has high risks and / or does not generate sufficient cash flows, it will be challenging
to leverage private capital. This is often the case for small-scale projects. The solution can be bundling
multiple small projects in several municipalities into one investment package. Alternatively, small
community-scale projects can also explore crowdfunding opportunities to engage the citizens.
Maturity of the ESCO and energy service providers market
If ESCOs and energy service providers are active on the country market, they can offer
advantageous terms for energy performance contracting (EPC), leasing or concession models, including
options for bundling several small-scale projects. To be attractive for ESCOs, the projects must deliver
high energy savings and municipalities need be able to pay the contract fees over time. Using ESCOs or
other service outsourcing models allows upgrading street lighting without peaks in budget spending and
with transferring investment risks on the private partner. However, if the ESCO market is not mature
enough or the project does not offer sufficient scale, energy savings or payback period for ESCO interest,
other debt-instruments can be explored.
Municipality’s borrowing capacity and availability of commercial financial instruments
Commercial loans, project finance, equity and other financial instruments are offered by the
banks and other investors. To access commercial debt or equity, the projects need be financially
sustainable. Furthermore, municipality should have a credit profile and decision-making authority
allowing obtaining debt on the municipality’s balance. If municipality has sufficient technical and
institutional capacity or can access a bond agency, it can also issue municipal / green bonds. The cost of
capital will depend of the project profile, type of financial instrument and maturity of the local banking
sector. However, it will be most probably higher than public support programmes, e.g. concessional
loans and credit lines. Loans are available for projects of various sizes. Equity, bonds and project finance
are normally used for medium-to-large and large projects.

Conclusion
Even though the upgrade of street lighting offers high energy savings, its upgrade rate is low in
many geographical jurisdictions in Central Europe. High up-front investment costs are among the
highest barriers for municipalities to upgrade street lighting. Under the Dynamic Light project, the
authors of the paper reviewed and analysed different financing options.
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The most straightforward financing model is to pay for street lighting upgrade from the own
funds of municipalities. To minimize the burden on tax payers, the public sector could design and
implement additional schemes which help raise the funds to the budget, in particular the revolving
scheme. Many municipalities, whose own funding resources are limited, obtain debt which is then be
paid back from the tax revenue of municipalities and/or saved energy costs. Thus, the municipalities
could obtain a low interest loan from a public lending program, a commercial loan from a commercial
bank, obtain capital from institutional investors, or it could issue municipal bonds.
Municipal actors can involve private sector and reallocate the upfront burden of financing street
lighting infrastructure on third parties. Variety of such contracts includes a simple contracting model or
forfeiting and waiver of defense, energy performance contracting models linked to energy savings,
leasing or concession to a private partner, and project finance.
In countries with utility obligation schemes in place, the burden of energy efficiency upgrades
may be reallocated to utilities. The utilities need to meet certain energy saving targets and street
lighting could be an eligible measure. Furthermore, a municipality may obtain a loan from its utility for
the upfront investment and repay it through its energy bills. Finally, municipalities can raise finance
through crowdfunding.
Each of the models has its advantages and disadvantages as well as constraints to do with the
economic, market, and legal conditions in which it could be applied. Some of the key considerations in
choosing a financing model are availability of public policies and funding, project size and bankability,
maturity of the ESCO market and energy service providers, municipality’s borrowing capacity, and
availability of financial instruments from commercial financial institutions. Therefore, the choice of
model should be made according to the specific conditions in each municipality.

Acknowledgement
We are thankful to the respondents of our survey, who helped us identify individual case studies
respondents: Alberto D'Antoni; Antonio Battaglia; Ivan Przulj, of the North-West Croatia Regional Energy
Agency; William Nwose, of the Center for Petroleum Energy Economics and Law of the University of
Ibadan, Nigeria; Yamina Saheb, of OpenExp; the Municipality of Cesena, Italy; Agenzia per lénergia del
Friuli Venezia Giulia, Italy; Michaela Valentova, of the Faculty of Electrical Engineering of Czech Technical
University in Prague; Elisa Hillgen, of the City of Jyväskylä; Philips Lighting Sweden AB; the Regional
Development Agency of Gorenjska, Slovenia; Panevėžys city municipality, Lithuania; M.J.; AGIRE Energy
Agency of the Province of Mantova, Italy; the European Association of Energy Service Companies; the
Poltegor-Institute - Opencast Mining Institute, Poland; Ekotermija, Lithuania; the Budapest University of
Technology and Economics, Hungary; SEVEn, The Energy Efficiency Center, Czech Republic; AvantGarde
Energy, s.r.o, Slovakia; the UNEP DTU Partnership, Denmark; Comune di Marcallo con Casone, Italy; the
Department of Traffic Facilities of the Hanseatic City of Rostock, Germany; PORSENNA o.p.s., Czech
Republic; BSC, the regional development agency of Kranj, Slovenia; the municipality Kneževi Vinogradi,
Croatia; Energinvest, Belgium; the Municipality of Općina Popovac, Croatia; the homeowner association
of Kalvų Slėnis, Lithuania; the Tallinn Municipal Engineering Services Department; the Energy Agency for
Southeast Sweden; the Association of Cities of the Republic of Croatia; the Association of Polish Cities;
Synergy, the Centre for Partnership and Innovations, Ukraine; the Municipality of Urząd Gminy
Stryszawa, Poland; Zumtobel Lighting GmbH, Austria; and the City of Graz, Austria
We are further grateful thank the officers of national energy agencies, municipalities, and our
project partners who helped us to identify and/or describe individual case studies. These include
Vítězslav Malý, of Porsenna in Prague, Czechia; Lenka Černá, of the city of Litomysl, Czechia; Eduard
Paulík, of D-energy s.r.o., Czechia; Sofia Burioli, Elena Giovanni and Valeria Rossi, of the Municipality of
Cesena, Italy; Christian Nußmüller, Bernd Schifko, Bernd Cagran, Werner Zipper, and Peter König, of the
City of Graz, Austria; Rainer Herb, of Stadtwerke Heidelberg Netze GmbH, Germany; Patricia Abuin
2018 International Energy Policy & Programme Evaluation Conference — Vienna, Austria

Garcia, of Diputacion of Huelva, Italy; Richard Luigjes, of Energiefonds Den Haag C. V., the Netherlands;
Vaida Lauruseviciene and Justina Balčiūtė, of the Public Investment Development Agency of Lithuania;
Jaroslav Klusák, of City of Litoměřice, Czechia; Slobodan Veinović, of the Town of Čakovec, Croatia;
Duguet, Patrick and Guimart, Patricia, of the City of Paris, France; Miletić, Marko, of the North-West
Croatia Regional Energy Agency, Croatia; Declan Keogh, of Carlow Kilkenny County Agency; and Robin
Mace-Snaith, of the MESPOM programme, UK.

References
ATEE. 2015. “Snapshot of Energy Efficiency Obligations Schemes in Europe: Main Characteristics and
Main Questions. Third European Workshop Meeting of the White Certificates Club.”
http://atee.fr/sites/default/files/1-snapshot_of_energy_efficiency_obligations_schemes_in_europe_275-2015.pdf. Accessed on 03.11.2017.
Bonetti, Veronica, Stefano Caselli, and Stefano Gatti. 2010. “Offtaking Agreements and How They Impact
the Cost of Funding for Project Finance Deals: A Clinical Case Study of the Quezon Power Ltd Co.” Review
of Financial Economics 19(2): 60-71 April 2010.
Bulgarian Energy Efficiency And Renewable Sources Fund. 2017.
http://www.bgeef.com/display.aspx?page=case_stud. Accessed on 04.11.2017.

“Case

Studies”.

Climate
Bonds
Initiative.
2017.
“Labelled
Green
Bonds
Data.”
https://www.climatebonds.net/cbi/pub/data/bonds?items_per_page=All&order=field_bond_simple_iss
uer_name&sort=asc. Accessed on 04.11.2017.
De Marco, Alberto, Giulio Mangano, Fania Valeria Michelucci, and Giovanni Zenezini. 2016. “Using the
Private Finance Initiative for Energy Efficiency Projects at the Urban Scale.” International Journal of
Energy Sector Management 10(1).
Diputacion de Huelva. Environment and Energy Department. 2016. “Bundling Efficient Energy
Investments.
An
Innovative
Procedure
in
The
Province
of
Huelva.”
http://laccc.diphuelva.es/galerias/docs/304.pdf. Accessed on 04.11.2017.
EnergyCities. 2016. “Internal Contracting (Intracting). The City of Stuttgart. Fact Sheet.”
http://www.energy-cities.eu/IMG/pdf/internal_contracting_stuttgart_one_pager.pdf. Accessed on
04.11.2017.
EPEEF. 2017. “Public Lighting.” http://www.fzoeu.hr/en/energy_efficiency/public_lighting/. Accessed on
on 04.11.2017.
E-Street
project.
2008.
Intelligent
Road
and
Street
lighting
in
Europe.
https://ec.europa.eu/energy/intelligent/projects/en/projects/e-street. Accessed on on 15.05.2018.
———. N.d. “Sources of funding”. http://www.fzoeu.hr/en/use_of_funds/sources_of_funding/.
Accessed on 04.11.2017.
ESCAP.
2008a.
”Pros
and
cons
of
concessions”.
http://www.unescap.org/ttdw/ppp/ppp_primer/2251_pros_and_cons_of_concessions.html. Accessed
on 04.11.2017.
2018 International Energy Policy & Programme Evaluation Conference — Vienna, Austria

———, 2008b. “A Primer to Public-Private Partnerships in Infrastructure Development”.
http://www.unescap.org/ttdw/ppp/ppp_primer/01_why_and_what.html Accessed on 03.11.2017.
ESMAP.
2014.
"Financing
Municipal
Energy
Efficiency
https://www.esmap.org/sites/esmap.org/files/DocumentLibrary/FINAL_MGN1Municipal%20Financing_KS18-14_web.pdf Accessed on 03.11.2017.

Projects."

Esty, Benjamin, and A. Sesia. 2010. “An Overview of Project Finance and Infrastructure Finance – 2009
Update.” Harvard Business Review Background Note 210-061.
European Commission. 2013. Accelerating the Deployment of Innovative Lighting in European Cities.
Luxembourg: Publications Offi ce of the European Union, 2013
———. 2016a. “Crowdfunding Explained to Small and Medium Sized Enterprises.”
———. 2016b. “Crowdfunding in the EU Capital Markets Union. COMMISSION STAFF WORKING
DOCUMENT.” https://ec.europa.eu/info/system/files/crowdfunding-report-03052016_en.pdf. Accessed
on 04.11.2017.
———. 2016c. “Good Practice in Energy Efficiency. COMMISSION STAFF WORKING DOCUMENT.”
———.
2017a.
"Innovative
Financial
Instruments
https://ec.europa.eu/europeaid/policies/innovative-financial-instruments-blending_en.
04.11.2017.
———. 2017b. "ManagEnergy."
Accessed on 04.11.2017.

(blending)."
Accessed on

https://ec.europa.eu/easme/en/managenergy?corner=financial.

Geissler, Michael. 2013. “Energy Performance Contracting. The Example of Berlin and the EU-wide
Experiences”. (Berliner Energieagentur GmbH). http://slidegur.com/doc/5189263/epc. Accessed on on
04.11.2017.
IIGCC.
2015.
“Driving
New
Finance
for
Energy
Efficiency
Investments.”
http://www.iigcc.org/publications/publication/driving-new-finance-for-energy-efficiency-investments.
Accessed on 04.11.2017.
Irrek, Wolfgang, Sophie Attali, Georg Benke, Nils Borg, Arkadiusz Figorski, Mariusz Filipowicz, Amalia
Ochoa, Andrew Pindar, and Stefan Thomas. 2005. “Testing and Dissemination of Public Internal
Performance Contracting Schemes with Pilot Projects for Energy-Efficient Lighting in Public Buildings
(PICOLight).”
http://picolight.icleieurope.org/fileadmin/user_upload/Procurement/PICOlight/Publications/PICOLight_FinalReport_Final.p
df. Accessed on 04.11.2017.
Junghans, Lisa, and Lukas Dorsch. 2015. “Finding the Finance. Financing Climate Compatible
Development in Cities.” Germanwatch e.V. https://germanwatch.org/en/download/13426.pdf .
Accessed on 04.11.2017.
Kaminker, Christopher, Osamu Kawanishi, Fiona Stewart, Ben Caldecott, and Nicholas Howarth. 2013.
“Institutional Investors and Green Infrastructure Investments: Selected Case Studies.” OECD Working
2018 International Energy Policy & Programme Evaluation Conference — Vienna, Austria

Papers on Finance, Insurance and Private Pensions , No. 35, OECD Publishing, Paris.
http://dx.doi.org/10.1787/5k3xr8k6jb0n-en. Accessed on 04.11.2017.
Kidney, S., Sonerud, B., Dupré, S., Thomä, J., Cochran, I., Moslener, U., Grüning, Ch., Bolscher , H.,
Eichler, L., and L. Perroy. 2015. “Shifting Private Finance towards Climate-Friendly Investments.”
https://ec.europa.eu/clima/sites/clima/files/international/finance/docs/climatefriendly_investments_en.pdf. Accessed on 04.11.2017.
Kinzey, Bruce. 2015. “Restoring Detroit’s Street Lighting System.” Pacific Northwest National Laboratory.
https://energy.gov/sites/prod/files/2015/09/f27/2015_restoring-detroit.pdf. Accessed on 04.11.2017.
Lawrence Berkeley National Laboratory (LBNL). 2012. “Using QECBs for Street Lighting Upgrades:
Lighting the Way to Lower Energy Bills in San Diego.” Clean Energy Policy Financing Brief. Lawrence
Berkeley National Laboratory . https://energy.gov/sites/prod/files/2014/06/f16/street-lightingqecb.pdf. Accessed on 04.11.2017.
Limaye, Dilip, Singh, Jas and Hofer, Kathrin. 2014. "Scaling Up Energy Efficiency in Buildings in the
Western Balkans. Establishing and Operationalizing an Energy Efficiency Revolving Fund." (World Bank
Group
Guidance
Note).
https://openknowledge.worldbank.org/bitstream/handle/10986/20043/893190WP0P13320332000020
14006016018.pdf?sequence=1. Accessed on on 04.11.2017.
Limaye, Dilip R., and Emily S. Limaye. 2010. “Scaling up Energy Efficiency: The Case for a Super ESCO.”
Energy Efficiency 4(2):133-144 January 2010.
Link, Heike. 2012. “Unbundling, Public Infrastructure Financing and Access Charge Regulation in the
German Rail Sector.” Journal of Rail Transport Planning & Management 2(3):63–71 · December 2012.
https://www.researchgate.net/publication/257740706_Unbundling_public_infrastructure_financing_an
d_access_charge_regulation_in_the_German_rail_sector. Accessed on 04.11.2017.
Makumbe, Pedzi; K. Weyl, Debbie; Eil, Andrew; Li, Jie. 2016a. Proven delivery models for LED public
lighting : synthesis of six case studies. Energy Sector Management Assistance Program. Washington, D.C.
: World Bank Group. http://documents.worldbank.org/curated/en/869131477561325418/Provendelivery-models-for-LED-public-lighting-synthesis-of-six-case-studies Accessed on 04.11.2017.
Makumbe, Pedzisayi, Debbie K. Weyl, Andrew Eil, and Jie Li. 2016b. “Proven Delivery Models for Led
Public
Lighting :
Lease-to-Own
Delivery
Model
in
Guadalajara,
Mexico.”
http://documents.worldbank.org/curated/en/411211477929250839/Proven-delivery-models-for-ledpublic-lighting-lease-to-own-delivery-model-in-Guadalajara-Mexico. Accessed on 04.11.2017.
ManagEnergy. 2017. “Municipal Bonds Emission for Energy Efficient Retrofitting of Street Lighting –
Varna,
Bulgaria.”
http://www.managenergy.net/instruments/6?casestudy=1505&pagename=usecases#.WMphC_JmqKV.
Accessed on 04.11.2017.
Mendoza, Eugenio, Mitchell Gold, Peter Carter, and Jodie Parmar. 1999. “The Sale of Highway 407
Express Toll Route: A Case Study.” The Journal of Structured Finance 5(3):5-14 January 1999.
Novikova, A., I. Stamo., Stelmakh, K., Hessling, M., 2017a. Guideline on finding a suitable financing
model for public lighting investment. Baseline inventory. Deliverable D.T2.3.1 of the Dynamic Light
2018 International Energy Policy & Programme Evaluation Conference — Vienna, Austria

project financed of INTERREG CE platform. http://www.interreg-central.eu/Content.Node/DynamicLight/CE452Dynamic-Light-D.T2.3.3-Best-Practice-Guide-final.pdf Accessed on 15.05.2018.
Novikova, A. Stelmakh, K., Hessling, M., J. Emmrich, I. Stamo. 2017b. Guideline on finding a suitable
financing model for public lighting investment. Best practice guide. Deliverable D.T2.3.3 of the Dynamic
Light
project
financed
of
INTERREG
CE
platform.
http://www.interregcentral.eu/Content.Node/Dynamic-Light/Dynamic-Light-D.T2.3.2-Novikova-et-al.-2017-Financing-Model.pdf. Accessed on 15.05.2018.
Novikova, A., Stelmakh, K., Hessling, M., and J. Emmrich. 2017c. Guideline on finding a suitable financing
model for public lighting investment. Deliverable D.T2.3.4 of the Dynamic Light project financed of
INTERREG CE platform. http://www.interreg-central.eu/Content.Node/Dynamic-Light/Dynamic-LightD.T2.3.1-Novikova-et-al.-2017-Financing-Model-.pdf . Accessed on 15.05.2018.
Ożadowicz, A. & Grela, J. Energy saving in the street lighting control system—a new approach based on
the EN-15232 standard. Energy Efficiency (2017) 10: 563- 576.
Oxfam. 2017. "Blended Finance. What it is, how it works and how
http://www.eurodad.org/files/pdf/58a1e294657ab.pdf. Accessed on 04.11.2017.

it

is

used."

Paulík, Eduard. Managing director of D-energy s.r.o., Czech Republic. Email communications on
November 2017.
RAP. 2012. “Best Practices in Designing and Implementing Energy Efficiency Obligation Schemes.”
http://www.raponline.org/wp-content/uploads/2016/05/rap-ieadsmbestpracticesindesigningandimplementingenergyefficiencyobligationschemes-2012-may.pdf. Accessed
on 04.11.2017.
Rosenow, Jan, and Edith Bayer. 2016. “Costs and Benefits of Energy Efficiency Obligation Schemes.”
http://www.raponline.org/knowledge-center/costs-benefits-energy-efficiency-obligation-schemes/
Accessed on 04.11.2017.
Rosenow, Jan. 2017. “Energy Efficiency Obligations – a Mechanism to Finance Energy Efficiency?”
http://www.raponline.org/wpcontent/uploads/2017/01/rap_rosenow_easme_conference_2017_jan_19.pdf. Accessed on 04.11.2017.
Scottish Futures Trust. 2013. “Street Lighting Toolkit - How to Assess the Impact of an Energy Efficiency
Investment
in
the
Street
Lighting
Asset.”
http://www.scottishfuturestrust.org.uk/files/publications/Street_Lighting_Toolkit.pdf. Accessed on
04.11.2017.
Seifried, Dieter. 2011. “Finanzierungsmodelle für das kommunale Energiemanagement.”
http://www.duh.de/fileadmin/user_upload/download/Projektinformation/Kommunaler_Umweltschutz
/Klimakommune_2010/Workshops/Workshop_Frankfurt/02_WS-I_Finanzierungsmodelle_Seifried.pdf.
Accessed on 04.11.2017.
Schaefer, N., Schilken, P., Simik, I., Kuharic, B., Laranjeira, C., Rodrigues, C., Counceiro, C., Presotto, A.,
Mazzeschi, A., Cleto, J., Turner, I., Kuehnbach, M. 2017. “Infinite Solutions Guidebook Financing the
Energy Renovation of Public Buildings through Internal Contracting.” http://www.energycities.eu/IMG/pdf/guidebook_intracting_web.pdf. Accessed on 04.11.2017.
2018 International Energy Policy & Programme Evaluation Conference — Vienna, Austria

Schilken, P., Wysslin, J. 2013. “Intracting – Internal performance contracting” http://www.energycities.eu/IMG/pdf/dossier_intracting_en.pdf. Accessed on 04.11.2017.
Smart Cities Council. 2015. “Smart Cities Financing Guide. Expert Analysis of 28 Municipal Finance Tools
for City Leaders Investing in the Future.” http://smartcitiescouncil.com/resources/smart-cities-financingguide. Accessed on 04.11.2017.
Spillers, Curtis. 2000. “Airport Privatizations: Smooth Flying or a Crash Landing?” The Journal of
Structured
Finance
5(4):41-47
·
January
2000.
https://www.researchgate.net/publication/247907851_Airport_Privatizations_Smooth_Flying_or_a_Cra
sh_Landing . Accessed on 04.11.2017.
Sustainable Energy Authority of Ireland. N.d. “Energy Contracting”. https://www.seai.ie/energy-inbusiness/energy-contracting/. Accessed on 04.11.2017.
Sustainable Energy Authority of Ireland. 2014. “National Energy Services Framework. Energy
Performance Related Payments (EPRP). Guide”. https://www.seai.ie/resources/publications/EnergyPerformance-Related-Payments-EPRP-Guide.pdf. Accessed on 04.11.2017.
The Climate Group. 2013. “LED Street Lighting. Climate Group Document - Financial Section.”
https://www.theclimategroup.org/sites/default/files/archive/files/LONDON-Working-Documentfinance.pdf. Accessed on 04.11.2017.
U.S. Department of Energy (US DOE). 2016. “Outdoor Lighting Challenges and Solution Pathways.”
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Outdoor%20Lighting
%20Challenges%20and%20Solutions%20Pathways%20Paper.pdf. Accessed on 04.11.2017.
WBG, World Bank Group. 2016a. “Forum On Business Models for Energy Efficient Street Lighting”.
http://wbg-eficienciaip.com.br/index-eng.html. Accessed on 04.11.2017.
WBG, World Bank Group. 2016b. “Lighting Brazilian Cities: Business Models for Energy-Efficient Street
Lighting.”
https://ppp.worldbank.org/public-private-partnership/library/lighting-brazilian-citiesbusiness-models-for-energy-efficient-street-lighting. Accessed on 04.11.2017.
Zirkwitz, Hans - Wolf. 2016. “Financing the Energy Transition - Internal Contracting.” Energy Cities.
http://www.energy-cities.eu/IMG/pdf/zirkwitz_intracting.pdf Accessed on on 04.11.2017.

2018 International Energy Policy & Programme Evaluation Conference — Vienna, Austria

