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Introduction
Turkey is considered as one of the fastest growing energy economies in the world. Both primary
electricity and energy demand are growing alongside social wealth and the economy. However,
Turkey has limited options to meet this demand. Furthermore, only around a quarter of Turkey’s
total energy demand is met by domestic resources while imports supply the rest. Therefore, the
development and implementation of renewable energy technologies in Turkey’s energy mix is
essential to reduce the dependency on fossil fuels, improve the security of power supply and
mitigate GHG emissions.
Turkey’s strategy and policy in renewable energy sector for 2023 are outlined in the National
Renewable Energy Action Plan that was prepared by the Government of The Republic of Turkey,
MENR and the General Directorate of Renewable Energy. According to the Plan, by 2023, 30% of
Turkey’s electricity needs will be provided by renewable energy technologies. Turkey would like to
increase installed capacity in renewable energy to 61,000 MW until 2023. This will comprise 30% of
Turkey’s electricity needs. Total electricity generation is expected to reach 412,542 GWh, which
corresponds to an annual growth rate of 5.85%. This is significantly higher than the average
electricity generation increase of 4.5% in recent years. To meet this goal, Turkey offers various
opportunities for investors within the energy sector. Small and Medium Enterprise (SME) renewable
energy projects, which are in general small scale, play an important role in achieving this objective.
This report calculates the financing needs to achieve 2023 renewable energy capacity targets as
USD 28.5 billion. Compared to the current energy sector loan portfolio outstanding of USD 33.8
billion, it can be stated that Turkey has potential to realize the targets. However, realisation of this
target through only small scale investments alone is not possible in parallel, expanding utility scale
investments should also be on the priority list of the agenda.
The report evaluates current support mechanisms for RE in general and small scale RE and
recommends proposals for the future, emphasizing various support mechanisms. The report also
evaluates different incentive mechanisms used successfully in other countries such as FITs,
competitive tenders, renewable portfolio standards, tax credits, renewable energy certificates,
energy funds and cooperatives. These have been evaluated from the perspective of Turkey’s
requirements and the current situation of the country.
Finally, the report recommends support mechanisms for small scale RE projects focusing on PV
technology as it is the easiest to standardize, and therefore the easiest to finance.
The analysis shows that payback periods of 7 years for self-consumption solar PV, which is
considered bankable, can be obtained only by employing grants of about 20-30% of the investment
cost, or a FIT of about 0.20 USD per kWh, both cases assuming VAT exemptions. Several
measures are analysed to make prosumer projects more bankable, easier to finance and, in
general, to uncap the potential of the prosumer segment in Turkey
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The Instrument for the Pre-Accession Assistance (IPA) provides an opportunity to beneficiary
countries to comply with European Union (EU) cohesion policy before accession. The IPA is made
up of five different components, including: (i) assistance for transition and institution building, (ii)
cross border cooperation, (iii) regional development, (iv) human resources, and (v) rural
development. Countries potentially benefitting from this instrument can be divided into two
categories: (i) EU candidate countries1, and (ii) potential candidate countries in the Western
Balkans2, which are eligible for the first two components only.
The current EU/IPA 2012 Energy Sector Technical Assistance Program supports projects in various
sectors, including the energy sector. Within the framework of EU/IPA 2012, the European
Commission (EC) and the ministry for EU Affairs have signed a financial agreement for an energy
sector technical assistance project. The project is executed by the Ministry of Energy and Natural
Resources (MENR) and administered by the World Bank (WB). Within this scope, the WB has
signed an administrative agreement between the European Commission (EC) and a grant
agreement between MENR to finance the implementation of the project.
This report defines small scale renewable energy projects as follows:
-

Up to 1 MW capacity unlicensed RE projects3 and
Having a financing need of up to USD 1 million4 and
Having a financing maturity need up to 7 years

The purpose of this report is to provide an overview on current global trends and instruments used
to finance Renewable Energy (RE), to review how RE is financed in Turkey, and then to help guide
a dialogue among MENR, EMRA and various stakeholders in identifying and assessing the most
relevant and viable business models, concepts, and to increase access to finance in small scale RE
projects in Turkey.
The specific objectives of the report are:


To analyse current RE financing market structure, identifying barriers and opportunities;



To increase access to finance, especially in small scale Renewable Energy Investments;



To provide recommendations to develop a sustainable renewable energy financing market in
Turkey



To assess further renewable energy financing options with higher financial leverage



To assess incentive mechanisms in other countries and best practices for developing
incentive mechanisms.

1

Turkey, Albania, Montenegro, Serbia, and the former Yugoslav Republic of Macedonia.
Bosnia-Herzegovina, and Kosovo under UN Security Council Resolution 1244/99.
3
Energy Cooperatives are an exception, as they aggregate many small prosumers, where the capacity may be up to 5 MW
4
Many Turkish commercial banks assess projects amounting up to 1 million USD financing and up to 7 years maturity within regional
allocation limit; so this report refers to this common financing approach while defining small scale renewable energy projects
2
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1 Introduction to The RE Sector and Major Players in Turkey
Turkey has been active in renewable energy finance, especially after the announcement of the
Regulation of Unlicensed Electricity Generation in 2013. Since 2013, energy sector loans have been
increasing significantly. According to BRSA sector statistics, between January 31, 2013 and
January 31, 2017, energy sector loans increased by 305% compared to the total loan portfolio
increase of the banking sector of 121.7%. As of January 31, 2017, Energy Sector Loans (loans
distributed to electricity, gas, water production and utility companies) reached TL 128 billion (USD
33.8 billion), representing 6.9% of the banking loan portfolio. Milestones of RE Regulation in Turkey
are shown in the figure below.

Figure 1-1: Milestones of RE regulation in Turkey

Energy sector loans has also important contribution on non-cash loans having TL 39.8 billion loan
book representing 5.5% of Turkish banking sector total non-cash loans. Also, as of January 31,
2017, non-performing energy sector loans comprise 0.45% of all energy sector loans, which is
significantly lower than the non-performing loan (NPL) rate of Turkish banking sector as a whole,
which is 3.19%. These figures show that renewable energy financing is less risky than other sectors
and that the Turkish banking sector should be eager to grow in this market.
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With respect to the total amount renewable energy loans, reliable data are not available. Since the
banking sector reports loan categories according to the main operation area of the borrower, the
amounts of energy loans for self-consumption purposes and for energy investments made for other
sectors cannot be extracted. However, compared to other sectors, the working capital needs of the
“energy sector” are significantly lower than for other sectors; it can be assumed that the majority of
energy sector loans have been used as investment/project finance loans. It should be noted that
energy efficiency loans are not categorized as energy sector loans in Turkey.
Turkey is dependent on energy imports. While it has indigenous coal and hydro production and
there are greater efforts to use solar and wind power, imports are still needed. Total imports,
approximately 30 million toe, is well below consumption, estimated at 120 million toe5. The balance
is imported in the form of oil, natural gas (and LNG) and coal making Turkey one of the largest
energy importers in the world: fifth in natural gas, fourth in petroleum products and eighth in coal 6.
Urbanization, improvement of living conditions and the continuing growth in economic activity are
expected to further increase the country's energy needs. To reduce energy dependency, renewable
energy investments together with energy efficiency measurements should be promoted and efficient
financial mechanisms should be introduced for realization of these investments.
According to the EE market study in Turkey (Deliverable 3 of the project), potential energy savings
in the industrial sector (both LEs and SMEs) have been estimated to be 6 million toe per year, which
has been translated into approximately USD 2.3 billion in cost savings. This means that, in addition
to expansion of energy efficiency investments, improvement of demand response will play a
significant role in decreasing total energy needs to meet 2023 renewable energy targets.

1.1 Market Size
Turkey has well defined targets for 2023 to reduce energy dependency and would like to increase
installed capacity in renewable energy to 61,000 MW by 2023. Thus, 30% of Turkey’s electricity
needs will be provided by the renewable energy technologies in 2023. Total electricity generation is
expected to reach 412,542 GWh, which corresponds to an annual growth rate of 5.85%, which is
significantly higher than the average electricity generation increase of 4.5% in recent years. This
growth rate is illustrated in Figure 1-2.

5

http://www.iea.org/statistics/statisticssearch/report/?country=TURKEY&product=Balances&year=2014
"Turkey Energy Outlook and Renewable Energy" O. Turkyilmaz, Chairman of Energy Commission of Chamber of Mechanical
Engineers, UCTEA, EPPEN
6
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Figure 1-2: Electricity generation trend in Turkey between 1970 and 2015

As mentioned above, Turkey would like to increase RE installed capacity to 61,000 MW by 2023,
which will require 22,275 MW new capacity investments from May 2017. Based on our own
calculation, the required amount of investment, i.e., the needed finance to achieve 2023 targets, is
USD 28.5 billion. Approximate electricity generation from each type of RE technology to
achieve2023 targets is estimated in Table 1-1.

Table 1-1: Electricity generation achieved if 2023 renewable energy targets are reached
Renewable
Energy Type

2023
Target

Capacity Factor
7

Approximate Electricity
Generation from each RE
Technology

MW

%

GWh

Biomass

1,000

85.0

7,446

Geothermal

1,000

90.0

7,884

34,000

39.6

117,945

5,000

19.0

8,322

20,000
61,000

40.0

70,080
211,677

Hydro

8

Solar
Wind
Total

The calculation of the investment required to achieve 2023 renewable energy capacity targets is
given in Table 1-2.

7

National Renewable Energy Laboratory (NREL) recent capacity factor estimates.
(http://www.nrel.gov/analysis/tech_cap_factor.html)
8
Lazard’s Levelized Cost of Energy Analysis Version 10.0 (December 2016)/ min values at “Capital Cost Comparison Graphic” were
takes as reference values for geothermal, solar and wind power plants. For hydro power; figures are taken from the real investments
in Turkey.
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Table 1-2: Investment calculation to achieve 2023 renewable energy capacity targets

Renewable Energy
Type

Current Installed
Capacity as of
July, 2017

2023
Target

2023
Pending

Average
Capital
Cost

Approx Investment
Cost

MW

MW

MW

per MW

$

Unlicensed Biomass
Licensed Biomass

15.0
495.6

1,000

489.4

2,500,000

1,223,500,000

Geothermal

850.8

1,000

149.2

4,250,000

634,100,000

Hydro*

29,966.8

34,000

4,033.2

1,320,000

5,323,824,000

Unlicensed Solar
Licensed Solar
Unlicensed Wind
Licensed Wind
TOTAL

1,662.0
12.9
31.0
6,129.0
39,163.1

5,000

3,325.1

1,100,000

3,657,500,000

20,000

13,840

1,250,000

17,300,000,000

61,000

22,336.9

N/A

28,138,924,000

* Average Capital Cost for hydro technology is calculated directly from Turkish investments
Source: MWH with information provided by TEDAS.

Compared the financing needs to achieve 2023 renewable energy capacity targets of USD 28.1
billion with the current loan portfolio outstanding to the energy sector as a whole, i.e., USD 33.8
billion, it can be stated that Turkey has potential to realize the targets. However, realisation of this
target through only small scale (unlicensed) investments not be possible. Assuming an average size
of a small-scale investment of 30 kW (comprising both commercial and residential), more than
740,000 new investors will enter the market by 2023, which is not at all. Therefore, in parallel with
scaling up small scale renewable investments, expanding utility scale investments should also be
highly prioritized.

Based on global averages, it may be estimated that about 30% of the 600 MW added per year to
meet the 2023 goal should come from small, unlicensed projects. This means about 180 MW per
year will be added, or 1,260 MW over 7 years.
According to the CAPEX cost estimations for small systems up to 1 MW, we may estimate a
total investment per year of 180,000 kW at an approximate CAPEX of USD 2,600 per kW.This
results in a yearly investment of: $470 million per year for unlicensed generation.
Additionally, an Excel bottom up estimate spreadsheet has been developed to project how the
market might develop by different segments.
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1.2 Market Segmentation
Following up on the Task 1 C Road Map, a segmentation has been proposed based on potential
types of “Prosumers”: 9Prosumers are customers (either residential, commercial or industrial) who
wish to produce all or part of the energy they are consuming. The main objective of these
developments, therefore, is to self-consume the energy produced. However, as it is usually neither
possible nor advisable to impose on customers a permanent balance of production and
consumption, some kind of balance needs to be carried out over certain periods. The results of such
balances may be positive (overall consumption greater than total generation) or negative (more
generation injected into the network than actual consumption). In the first case, usual end user
tariffs would be applied. In the opposite case, some kind of “compensation” needs to be paid to the
prosumer.
On the other hand, we do not necessarily agree that the cap should be a low value in comparison
with the total production, as the Task 1 C reports suggest, because most systems’ optimal size is
not related at all to the particular needs of a Prosumer in any given year, but may change with
technology changes, energy efficiency and other factors. Additionally, CAPEX and LCOE are much
lower for systems over 1 MW than for small systems under 1 MW, so it is to the benefit of the whole
economy to support business models such as Energy Cooperatives where individual small
residential prosumers can benefit from the economies of scale of an Energy Cooperative, up to 5
MW. This distributed generation also benefits grid management, providing more stability and less
stress on existing distribution grids. Additionally, Prosumer investments provide diversification and
business to SMEs that would not be available if all new RE power generation focuses on large utility
scale projects.
Specific regulations to avoid bending the rules by developing a large number of projects and thus
benefitting from higher tariffs have already been successfully implemented. Our suggestion about
capping generation in relation to self-consumption is that, rather than setting up limits, the country
would benefit from a block tariff system that would provide higher tariffs for peak hours, reducing the
peak demand.
As explained in 5.1, under the present system of net billing where the retail tariff is lower than the
RE tariff, prosumers are actually penalized for self-consumption. That there is any self-consumption
at all under such a system of tariffs may be at least partly explained by a prosumer desire to be
“self-sufficient” in energy, even when the more financially-advantageous course of action is to sell all
RE output to the grid. This happens all over the world. In any case, the desire to self-consume will
decrease further under tariffs based on the LCOEs estimated, which will widen the disparity
between the retail and the RE tariff.
If it is really desired to promote self-consumption under the tariff, the prosumer should be
appropriately rewarded, as opposed to being penalized, for self-consuming. However, this has the
potential to become complicated in terms of measuring RE production, self-consumption and sales
to the grid – and then potentially applying some incentive-based rates to each component. On the

9

These paragraphs is partly copied for consistency from Task 1 C Road Map
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net billing system that presently exists, the simplest method may be to create an optional selfconsumption RE tariff as explained in 5.1.
As explained from the analysis on self-consumption in section 5.1.1, we conclude that different sizes
of systems need different FITs to compensate for self-consumption and PB under the current
system:
1.
Small residential systems up to 15 kW need a required price of at least of 170 USD/MWh
and a long payback of more than 15 years.
2.
Commercial systems up to 50 kW need a required price at least of 120 USD/MWh, and a
more moderate payback period of about 11 years
3.
For the larger system up to the proposed10 5 MW for industrial or energy cooperatives, the
economies of scale make the projects more attractive, with a required price around 110 USD/MWh
and 10 years’ payback

The limit of 5 MW was selected in order to allow the development of this kind of generation among
certain types of commercial customers (i.e., malls) which may be quite active in carrying out this
kind of project, mostly, promote the creation of Urban Energy Cooperatives, but this limit is an
exception as small scale systems by definition adopted are up to 1 MW.
In any case, as this generation impacts the overall operation of the system, such projects should be
reviewed and approved by the DisCos, as in the case of any other type of generation.

This report gives priority to small scale PV investments versus other technologies. Although the
share of solar investment in overall renewable energy investments targets is not currently dominant,
small PV investments will very likely be a trigger for the expansion of renewable energy investments
due to:

10



Easier implementation process, i.e. ready technology and less engineering involvement
during construction



Less operational risks



Lower operation and maintenance needs



Applicable by almost all potential investors

Notice that the definition of small scale system up to 1 MW still holds, but cooperatives are an exception

17

2 Analysis of The Turkish Electricity Market and RE Pricing
2.1 Electrical Energy Sources in Turkey and Operating Characteristics
2.1.1 Generation Sources
RE pricing issues cannot be examined completely without considering other sources of generation
in the Turkish electricity market.
Turkey has a diversified electricity supply industry, comprising a total of 1,617 generating plants with
a total installed capacity of 73,855 MW (as at February 29, 2016). Table 2-1 provides a breakdown
of this capacity. The largest generating plant on the power system is the 2,400 MW Ataturk
hydropower station located in Sanliurfa. Next are approximately 15 generating plants in the 1,000 to
2,000 MW range, which are almost all natural gas or coal fired (one hydropower plant among them).
The system peak demand is about 40,000 MW.

Table 2-1: Breakdown of generating capacity in Turkey (as of February 29, 2016)

Source

Installed capacity (MW)

% of total

Hydropower

26,137

35.4%

Natural gas

21,232

28.7%

Local coals

9,698

13.1%

Imported coal

6,064

8.2%

Other carbon fuels

5,199

7.0%

Wind

4,561

6.2%

Geothermal

635

0.9%

Solar

328

0.4%

Total

73,855

100.0%

Source: TEIAS website

Total energy production from the above sources was 259,690 gigawatt-hours (GWh) in 2015,
compared to 251,963 GWh in 2014, an increase of about 3.2%. This growth rate is relatively low
compared to an average growth rate in the Turkish electricity supply industry of about 7% per
annum over the previous 20 to 30 years. Table 2-2 provides a breakdown of 2015 energy
production.
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Table 2-2: Breakdown of 2015 energy production in Turkey

Source

Energy
production (GWh)

% of total

Hydropower

66,903

25.8%

Natural gas

98,193

37.8%

Coal

73,873

28.4%

Other carbon fuels

4,337

1.7%

Wind

11,552

4.4%

Geothermal and waste

4,832

1.9%

259,690

100.0%

Total
Source: TEIAS website

2.1.2 Generating Plant Characteristics
Production costs by generating plant vary depending on the type of plant. This variation in type of
plant is necessary in the power industry because the total load on the power system varies by time
of day. In general, generating plants with high capital costs and low incremental variable costs (such
as most hydropower, coal and nuclear) run as many hours as possible to meet the power system’s
“base load”, or the amount of load on the system for all 8,760 hours per year. At the other extreme
are “peaking” plants such as gas turbines and diesel plants, which generally have low capital costs,
but high variable costs of production, and are intended to run for only a few hours per day to meet
peak period loads. In between are “intermediate” plants such as steam turbines or combined cycle
plants, which generally run often, but are not usually intended to run as many hours per year as
base load plants.
Renewable energy has unique characteristics that depend on the type of technology. The capacities
of wind and PV generating plants are not dependable to the extent that electric utilities cannot
include them in their inventory of generating plants to meet total capacity needs. For example, if a
load of 100 MW needs to be met, any given wind or PV source cannot be expected to help meet this
load at a reasonable level of reliability – because when there is no wind or sun, there is no
generation. Thus, in the absence of storage capability, the capacity value to an electric utility of a
PV or wind generating plant is zero. It may be mentioned that a sufficient geographic dispersion of
wind plants throughout a country as large as Turkey may, in total, provide a limited amount of
reliable generating capacity. However, in general, any generation through these two sources only
displaces energy that would otherwise be generated by other plants. Hydropower plants typically
have a base load component, i.e., a component that is available to meet load for all hours of the
year and a component that has no capacity value, the output of which varies seasonally. Biomass
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and geothermal plants have very similar characteristics as thermal plants, using either combustion
engine technologies in the case of biomass or steam turbines in the case of geothermal. Their full
capacities may be counted towards the utility’s capacity needs.

2.2 Estimated Economic Costs of Conventional Energy Sources
When analysing prices, it is necessary to analyse costs with economic return as a component.
Since 80% to 85% of all electricity sales at the wholesale level in Turkey are through confidential
bilateral contracts, the only method to obtaining electricity “prices” is to estimate the full costs of
production by generating technology, including operation and maintenance (O&M) expenses,
amortization and return on capital. The result is a required price by generating plant.

2.2.1 Hydropower
The cost of hydropower generation is very site-specific. In general, the least expensive hydropower
sites in the world have already been developed – and the relatively inexpensive sites that have not
yet been developed will tend to be developed first. The extent of hydropower development in any
hydro-rich country will also depend on the local level of economic and political development. This
varies tremendously from one country to the next.
Given the above, the current cost of hydropower in any given country may be judged based on the
cost of the “next” development coming into service. In the case of Turkey, this appears to be the
1,200 MW Ilisu site, which is scheduled to be commissioned sometime in 2016. The estimated
capital cost is USD 1.6 billion. Average production is estimated to be 3,833 GWh per year. Using a
simplistic calculation to derive the lifetime cost per kWh - in which the capital cost is multiplied by an
annual capital recovery factor of 10%11 and an additional 1% added to consider annual O&M costs
- yields an annual cost of USD 163 million, or about USD 0.043 per kWh. Another site currently
being developed is the 517 MW Cetin hydropower plant, which will cost about USD 678 million and
produce about 1,400 GWh annually. Using the same calculation as for Ilisu yields a cost of USD
0.049 per kWh.
More extensive cost information and rigorous analyses are required to build an inventory of
hydropower sites and corresponding unit costs of production. However, it would be fair to say that
hydropower costs will, in the future, escalate in real terms from the present level of about USD 0.05
per kWh as the “next” least-expensive hydropower plants are developed over time. For the time
being, however, hydropower development in Turkey appears relatively inexpensive, with a required
price for plants currently being built in the range of USD 0.05 per kWh. However, there are likely
many hydro sites in the country – large and small – with per kWh costs of development ranging from
USD 0.05 to 0.096, which is the maximum feed-in tariff, any of which could be developed under the
current RE tariff scheme. Assuming a uniform distribution across this range, the average would be
USD 0.073 per kWh, which happens to be the level of the current base price for hydropower.

11

Assuming a real cost of capital of 10% and a 50-year life of the facilities, the capital recovery factor is actually just under 10.1%.
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2.2.2 Natural Gas
As seen in Table 2-2, 38% of electricity production in Turkey originates from natural gas, practically
all of which is imported. Primary sources include: (i) Russia, which provides 55% to 60% of total
supply via the Blue Stream pipeline under the Black Sea; (ii) Iran, which supplies about 20%; and
(iii) Azerbaijan, which supplies about 10% via the South Caucasus pipeline. The remaining 10% to
15% is liquid natural gas (LNG), which serves gas plants on Turkey’s Mediterranean coast and is
obtained mainly from Algeria and Nigeria.
Current gas pipeline and storage infrastructure is severely constrained, which has several
consequences, the first being that, depending on the severity of the winter season, the ability of gas
plants to service the electricity supply industry could be limited over the short-term. However, the
good news is that other sources of supply, mainly coal-based, are due to be commissioned in the
near future, thus eliminating any possibility of electricity shortages in the near-term.
The second consequence is price. While natural gas prices have, over the past two years, fallen
drastically worldwide in tandem with oil prices, Turkey has been stuck with a sizeable take-or-pay
contract with its largest gas supplier, Gazprom (Russia). As a result, while European gas prices
have fallen from highs of around USD 500 per thousand cubic metres a few years ago to about USD
150 at present, natural gas prices in Turkey remain relatively high. A recent press release from a
Canadian company12 currently engaged in the exploration, development and production of fossil
fuels in Turkey revealed that it expects to obtain a price of USD 8.85 per million cubic feet, which is
equivalent to just over USD 300 per thousand cubic meters.
Most gas generation in Turkey is produced from relatively new and efficient combined cycle plants.
Assuming specific consumption of 0.00023 thousand cubic meters per kWh generated (which would
be typical of such plants) and a price of USD 300 per thousand cubic meters, the fuel cost of gasfired generation would then be about USD 0.07 per kWh.
Capital costs of combined cycle plants may be estimated as about USD 1,000 per kW 13. Combined
cycle plants generally operate as “swing” plants in Turkey, i.e., their energy production basically
follows the power system load as it goes up or down, as opposed to operating at full capacity.
Thus, any increment (decrement) of generation from any other source, including both RE and
conventional, is compensated by a decrement (increment) of generation from natural gas. From the
energy and capacity information contained in Tables 2-1 and 2-2, the average capacity factor of the
gas plants may be calculated as 53%. Using annual capital recovery factor of 11%14, the capital cost
per kWh may be estimated as:
USD 1,000 x 11% / (1 kW x 8,760 hours per year x 53%) = USD 0.024 per kWh
US data from the Energy Information Administration (EIA) suggests that $0.006 per kWh may be
added to the cost to cover fixed and variable operating costs, bringing the total per kWh cost of gas
plants in Turkey to:

“Valeura Energy acieves first gas from Banarli”, press release by Valeura Energy, March 21, 2016.
“Updated Capital Cost Estimates for Utility Scale Electricity Generating Plants”, US Energy Information Administration, November
2016.
14
Assuming a real cost of capital of 10% and a 25 to 30 year life of the facilities, the capital recovery factor is about 11%.
12
13
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USD (0.070 + 0.024 + 0.006) = USD 0.100
Given the approximate nature of the above calculations, the current minimum required price of
energy generated from gas plants in Turkey may be estimated to be between USD 0.095 and 0.105
per kWh.

2.2.3 Coal
As seen in Table 2-2, 28% of electricity production in Turkey originates from coal, 60% of which is
imported. Imported coal is of the “hard” variety and less dirty than locally produced lignite. The
latest available cost of imported coal to Turkey is USD 78 per metric ton in January 2016, although
Platts, which is an international provider of information and benchmark prices for the commodities
and energy markets, has assessed the value of this coal at USD 53 per metric ton15. Main sources
of supply for imported coal are Russia, Colombia and South Africa. Here, again, it appears that
prices to Turkey are at the mercy of long-term supply contracts.
Assuming specific consumption of 2,700 kWh per tonne (based on a calorific content of 6,000
kilocalories (kCal) per kilogram (kg) and coal plant heat rates of 2,200 kCal per kWh), and a price of
USD 80 per ton (taking the cited actual cost to Turkey plus an allowance for transportation), results
in a fuel cost of USD 0.030 per kWh for generating stations fired with imported coal. For local coal,
one source16 has suggested a cost of USD 1.85 per million British thermal units (MMBTU).
Assuming the same calorific value of 6,000 kCal per kg – equivalent to 24 MMBTU per ton – this is
equal to USD 44 per ton, which leads to a fuel cost of USD 0.0165 per tonne for local coal-fired
generating plants. Weighting these fuel costs 60/40 imported/local based on the proportions of
installed capacity in Table 4-1, leads to a combined fuel cost of USD 0.025 per kWh.
Capital costs of coal plants are estimated to be about USD 2,000 per kW based on the projected
cost of the proposed 5,000 MW Konya Karapinar project. Due to their relatively low variable costs,
coal plants should be operating as “base load” plants, i.e., at full capacity, with shut downs only for
annual maintenance purposes. However, from the energy and capacity information contained in
Table 2-1 and Table 2-2, the average capacity factor of the coal plants may be calculated as 53% actually the same as for natural gas plants - which is unusually low. Using an annual capital
recovery factor of 11% once again, the capital cost per kWh may be estimated as:
USD 2,000 x 11% / (1 kW x 8,760 hours per year x 53%) = USD 0.047 per kWh
US data from the Energy Information Administration suggests that $0.009 per kWh may be added to
the cost to cover fixed and variable operating costs, bringing the total per kWh cost of coal plants in
Turkey to:
USD (0.025 + 0.047+ 0.009) = USD 0.073
Given the approximate nature of the above calculations, the minimum required price of energy
generated from coal plants in Turkey may be estimated as USD 0.07 to 0.08 per kWh.
15

Platts news release, February 29, 2016, http://www.platts.com/latest-news/coal/london/turkey-january-thermal-coal-imports-fall-2year-26382316.
16
“Turkey’s 2015 national coal policy”, Turkish Weekly, March 31, 2015; http://www.turkishweekly.net/2015/03/31/comment/turkey-s2015-national-coal-policy
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2.3 Wholesale Market Prices
The wholesale market price for electricity, which may be defined as the system marginal price (the
SMP, which is the price that supplier-participants are actually paid), is generally very volatile and
may vary significantly from one hour to the next. This variation may be partly explained by the usual
time-of-day variations due to more expensive generating units (on an incremental cost basis)
operating at the margin during peak periods and less expensive units operating at the margin during
off-peak periods. In any given power system, these variations are consistent and are relatively
predictable from one day to the next, something which cannot be said for the Turkish wholesale
market, where volatility is large and may only be explained by very variable hour-to-hour excess
capacity available to the system and the uncertain behaviour of suppliers and buyers in the bidding
process. Also, the market may be quite thin. Regardless of the root causes of this volatility, it is very
difficult to discern patterns in traded prices that could serve as bases for estimating robust numbers
for actual market prices at any point in time.
With 80%-85% of all sales in the electricity market made through bilateral contracts, what is
effectively traded on the electricity market is energy from “excess” capacity that comprises day-head
sales, spot sales and balancing “sales”. The hourly SMP generally varies anywhere from zero to
USD 0.08 per kWh, although spikes of up to close to USD 0.20 per kWh have happened at various
and seemingly random points in time. The annual average price since 2009 has ranged from about
USD 0.04 per kWh up to USD 0.06 per kWh. If a generator elected to forgo bilateral agreements
altogether and decided to sell all output on the wholesale market at the SMP, obtaining average
prices in this range in any given year would have been the result.

2.4

Renewable Energy Costs

Cost data for RE technologies are generally difficult to find and calculate. However, some rather
limited bases for estimating costs do exist. Information sources primarily include publicly available
documents arising from internet search. It should be noted that, while much statistical data on RE
technologies may be found this way, cost data relating to RE projects are relatively scarce in
general, much less for Turkey.
Two sources that have produced cost data around a range of RE technologies are: (i) the EIA (cited
above) and (ii) Lazard17, which is an American financial advisory and asset management firm with
interests in RE.
The costs and characteristics of RE sources as well as those of conventional generation are
summarized in Table 2-3. While the costs of conventional technologies have been discussed above,
an analysis of RES costs follows the table.

17

“Lazard's Levelized Cost of Energy Analysis” - Version 10.0, December 2016.
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Table 2-3: Summary of estimated generation costs in Turkey
Capital cost
in $ per kW

Technology
Hydropower
Ilisu development
Cetin development
Estimated for Turkey 3
Natural gas
US EIA estimate (capacity)
Gazprom price (energy)
Total
Estimated for Turkey
Coal
Konya Karapinar development
Estimated for Turkey

Assumed Capital cost O&M in $ Total fixed Capacity Total fixed Variable
life in in $ per kW- per kWcosts in $
costs in $ O&M in $
factor
years
year1
year2 per kW-year
per kWh per kWh2

1,333
1,311

50
50

134.45
132.23

1,000

25

2,000

25

1.34
1.32

135.79
133.55

36.5%
30.9%

0.042
0.049

0.042
0.049
0.073

110.17

110.17

53.0%

0.024

0.006
0.070

0.030
0.070
0.100
0.100

220.34

220.34

53.0%

0.047

0.026

0.073
0.073

Wholesale market
Estimated for Turkey 4

0.050

Wind
Lazard average
EIA
Estimated for Turkey 5
Solar
Lazard residential rooftop
Lazard commercial/ indistrial rooftop
Lazard community
Lazard utility scale
EIA
Estimated for Turkey

Required
price in $
per kWh

1,500
1,877

25
25

165.25
206.79

165.25
246.79

33.0%
33.0%

0.057
0.085

0.010

40.00

0.067
0.085
0.073

2,400
2,925
2,400
1,375
3,180

25
25
25
25
25

264.40
322.24
264.40
151.48
350.33

25.0%
25.0%
25.0%
25.0%
25.0%

0.121
0.147
0.121
0.069
0.170

0.016
0.009
0.007
0.005

23.00

264.40
322.24
264.40
151.48
373.33

0.137
0.156
0.128
0.074
0.170

3,250
3,000

25
25

358.05
330.50

358.05
450.50

60.0%
60.0%

0.068
0.086

0.028

120.00

0.096
0.086
0.090

5,300

25

583.89

583.89

72.0%

0.093

0.035

0.128
0.090
0.090

6

Biomass
Lazard direct generation
Gas generation (confidential)
Estimated for Turkey
Geothermal
Lazard
Geothermal Energy Association
Estimated for Turkey 7

Notes: (1) Discount rate =
10.0%
(2) "Fixed" and "variable" costs are often neglible or they may both be classified as one or the other. In such cases,
the column has been left blank.
(3) Hydropower estimate is estimated as the mid-point between the "next" hydropower plant and the maximum
feed-in tariff offered.
(4) Average wholesale price.
(5) EIA has been considered much too high in light of a relatively low feed-in price. A price around the Lazard
average was selected.
(6) EIA has been considered much too high in light of a relatively low feed-in price.
Lazard estimates have been adopted.
(7) Estimate by the GEA appears to fit best with the feed-in tariff.

2.4.1 Wind
Lazard has estimated wind capital costs in 2016 to be in the range of USD 1,250 to 1,700 per kW
(say USD 1,500 per kW taking an approximate midpoint of the range), while the EIA has estimated
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USD 1,877 per kW in 2014. Assuming a capacity factor of 33% and a capital recovery factor 11%,
the resulting annualized capital costs are USD 0.057 per kWh for the mid-point of the Lazard
estimates and USD 0.071 per kWh for the EIA estimate. According to Lazard, annual O&M costs
would be between USD 0.007 and 0.012 per kWh (mid-point 0.010), while the EIA has estimated
these costs to be about USD 40 per kW per year, which corresponds to USD 0.014 per kWh, for a
total unit cost of USD 0.067 per kWh for Lazard and USD 0.085 for the EIA.
The current base RE tariff for wind power is USD 0.073 per kWh, which is below the above
estimated cost from EIA, but slightly above Lazard. Also, various incentives could increase this price
up to a maximum of USD 0.110 per kWh, although the average price paid for wind power appears to
be about USD 0.076. Given that thousands of MW of wind capacity have already been installed at
the given feed-in tariff (and at even a lower feed-in tariff prior to 2010), it is quite likely that the EIA
cost estimate is too high and that the mid-point Lazard cost, about USD 0.067, better reflects the
true minimum required wind power price in Turkey. Given the accuracy of this exercise, the current
base price for wind is appropriate.

2.4.2 Solar
Lazard has provided capital costs of different types of PV plant in 2015, including the following:


Rooftop residential: USD 2,400 per kW (mid-point)



Rooftop commercial and industrial: USD 2,925 per kW (mid-point)



Community: USD 2,400 per kW (mid-point)



Utility scale: USD 1,375 per kW (mid-point)

The EIA has estimated USD 2,600 per kW, with none of the above differentiation.
Assuming a capacity factor of 25% and a capital recovery factor of 11%, the resulting annualized
capital costs per kWh of the Lazard estimates are: USD 0.121 for rooftop residential and community
plants, USD 0.147 for commercial and industrial, and USD 0.069 for utility scale. The EIA estimate
corresponds to USD 0.160 per kWh. According to the EIA, annual fixed O&M costs are about USD
23 per kW per year, which would add an additional USD 0.010 per kWh, while the Lazard estimate
is similar for rooftop residential, but about half this level for the others. As a result, the Lazard total
required prices, in terms of the “levelized cost of energy” (LCOE) are:


Rooftop residential: USD 0.137 per kWh



Rooftop commercial and industrial: USD 0.156 per kWh



Community: USD 0.128 per kWh



Utility scale: USD 0.074 per kWh

The corresponding number for the EIA estimate is USD 0.170.
The current base RE tariff for solar power is USD 0.133 per kWh, which is much below the above
estimated cost based on EIA data. A possible explanation for the high EIA estimate may be that PV
solar prices have, in recent years, been declining so rapidly that the EIA estimate is outdated, even
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though it may claim to be based on 2016 information. Also, EIA estimates for RES have, in the past,
tended to overestimate solar PV costs. Therefore, this estimate has to be ignored as not being
credible, at least for Turkey. Compared to the base feed-in tariff of USD 0.133 per kWh, the Lazardbased estimates for residential rooftop and community scale are close, while commercial and
industrial are above USD 0.133. The utility scale PV cost is very much below this tariff. Incentives
of up to USD 0.067 per kWh would put the tariff well above the cost of all the types of solar PV.
This tariff should be re-examined in light of this analysis.

2.4.3 Biomass
Biomass plants may generally be classified into two categories:
i.

“Direct” biomass, which burns solid wastes or organic materials directly to generate
electricity.

ii.

Biogas power plants, where biogas is produced, generally from waste, and then burned to
generate electricity. Such plants usually use combustion engines to generate power, with
specialized processing facilities to produce the gas.

Lazard has estimated direct biomass capital costs to be in the range of USD 2,500 to 4,000 per kW,
while the EIA has estimated USD 5,000 per kW for a direct wood-burning plant. As wood-burning
facilities would not be practical in Turkey, the EIA estimate has been ignored. Lazard’s mid-point
capital cost of USD 3,250 is equivalent to USD 0.068 per kWh after applying a capacity factor of
60% and a capital recovery factor of 11%. Fixed and variable O&M (excluding fuel, which is
assumed to be “free”) add USD 0.028 per kWh to the cost for a total of USD 0.096 per kWh.
In the case of biogas plants, the cost of gas processing facilities may be approximately estimated as
costing USD 2,000 per kW, while the power plant would be about USD 1,000 per kW. The facilities
used to generate electricity would generally be diesel-type engines. The total capital cost of USD
3,000 per kW is equivalent to USD 0.063 per kWh after applying a capacity factor of 60% and a
capital recovery factor of 11%. Fixed and variable O&M (again excluding fuel, which is assumed to
be “free”) add USD 0.023 per kWh to the cost for a total of USD 0.086 per kWh.
The current base RE tariff for biomass is USD 0.133 per kWh, which is much above the above
estimated minimum prices. The various incentives will increase this price even more. This tariff
should be re-examined.

2.4.4 Geothermal
Geothermal resources may be exploited at a relatively low cost. Although capital costs might be
significant, geothermal plants require no fuel and generally operate at a high capacity factor.
Lazard has estimated geothermal capital costs to be in the range of USD 4,250 to 6,400 per kW,
while the EIA has not provided an estimate in its latest publication. Geothermal plants generally
operate as base load, with capacity factors of about 70-75%. Applying a capacity factor of 72% and
a capital recovery factor of 11% to the Lazard number results in an annualized capital cost of USD
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0.093 per kWh (taking the mid-point of USD 5,300 per kW). Taking Lazard’s range of USD 0.03 to
0.04 (say 0.035) per kWh as a variable cost results in a total required price is USD 0.128 per kWh.
The current base RE tariff for geothermal is USD 0.105 per kWh, which is somewhat below the
Lazard price, although the incentives might put the feed-in tariff above the Lazard price. In any
case, there is a wide disparity in costs between Lazard and EIA. This might be due to a paucity of
geothermal related data.
As geothermal plants are relatively rare and the EIA did not provide cost estimates for 2016, it is
worthwhile to find another source for cost information. The Geothermal Association18 of the USA
suggests that geothermal capital costs may be “as low as” USD 3,400 per kW and also suggests
that lifetime costs are about USD 0.09 per kWh. Another US Government source19 cites USD 2,500
per kW, but notes that this could increase to USD 3,000 to 4,000 per kW for “smaller” plants –
without providing specific sizes.
Given the above information, it is quite difficult to estimate geothermal plant costs with corroborating
evidence, as the cited numbers vary widely. However, the Geothermal Association’s cost of USD
0.09 per kWh fits best with the current feed-in tariff. As most Turkey’s geothermal plants are subject
to the feed-in tariff (about two-thirds based on a recent PWC report) and, assuming that they are
operating profitably, this estimate appears to be the most credible.

“Geothermal Basics – Power Plant Costs”, Geothermal Energy Association, http://geo-energy.org/geo_basics_plant_cost.aspx
“Geothermal FAQs”, US Department of Energy, Office of Energy Efficiency and Renewable Energy,
http://energy.gov/eere/geothermal/geothermal-faqs
18
19
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3 Renewable Energy Finance in Turkey
The objective of this section is to better understand the renewable energy financing mechanism in
Turkey, the products that are offered, as well as some insight into the financial sector’s approach to
renewable energy finance in Turkey, focusing on small scale renewable energy.

3.1 Overview of the Turkish Financial Sector
3.1.1 Turkish Banking Sector
The Turkish banking sector is the second largest banking system in the Emerging Europe after
Russia. The Turkish banking sector is well-regulated, monitored and governed by two primary
regulatory authorities; the Banking Regulation and Supervision Agency (BRSA) and the Central
Bank of Republic of Turkey20.
According to the BRSA21, 52 banks operate in Turkey, as of September 30, 2016. There is a total of
34 deposit banks, 13 development and investment banks and five participation banks, which are
presented in the following table regarding their typology.
Banks in Turkey are modern, with advanced IP and control systems, some with extensive networks
with nationwide coverage. As presented in 3.1.2 report there are private or state-controlled banks. In
Turkey, since 2010, total loans of the sector increased from 526 billion TL to 1,610 billion TL
representing 29% average loan growth.

Figure 3-1: The breakdown of Turkish banks by typology

The number of branches is 11,926 and the number of staff is 211,673, as of September 30, 2016 in
the Turkish banking sector.
Consolidated balance sheet and consolidated off-balance sheet items of the Turkish banking sector
as of end of September 2016 were composed as follows22.
20

Garanti Bank, Investor Relationship, Turkish Banking Sector in Brief, http://www.garantiinvestorrelations.com/en/financialinformation/detay/Turkish-Banking-Sector-in-Brief/55/41/0.
21
Turkish Banking Sector Key Indicators as of September 30, 2016.
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Table 3-1: Consolidated balance sheet of the Turkish banking sector23
Assets

(Billion TL)

Liabilities and
Shareholders' Equity

(Billion TL)

Cash and cash equivalents

191

Deposits

1,341

Mandatory Reserves

198

369

Investment Securities

329

Liabilities to banks
Obligations under
repurchase agreements
Securities Issued

Other Assets

206

Other Liabilities

275

Equity
Total Liabilities and
Equity

293

Cash Loans

Total Assets

1,610

2,534

154
102

2,534

3.1.2 Leasing Sector
Leasing is a financial method in which the property of an investment good remains with the leasing
company, while the lessee obtains the right to use the good by paying a certain amount of lease
rentals. This method is aimed at increasing efficiency and profitability by helping companies use
their working capital for other requirements while paying only monthly rentals instead of total price.
As of January 2017, there are 26 leasing companies registered to Turkey Financial Institutions
Union in Turkey. The leasing companies have significant contribution in especially fixed asset
investment. In the first nine months of 2016, the leasing companies signed 17.812 leasing
agreements amounting to 12.9 billion TL with a sector distribution of 50.6% service; 43.8 % industry;
3.8% agriculture and 1.2% residential.
Due to lower collateral requirements of the leasing mechanism, compared to those of the banking
sector especially for SMEs (banking system usually does not accept machines and equipment as
appropriate collateral) leasing can be considered as a favourable financing option for RE
investments of SMEs and all type of RE investments can be financed through leasing. However,
there is a need of long term sustainable funding for the sector. Leasing might also provide VAT
advantage depending on the investment category defined by the leasing law and VAT is reduced to
1% from 18%. Concerning renewable energy sector, only some specific components of investments
can be benefited from VAT advantage such as boilers for biomass investments; heat pumps for
geothermal equipment etc.
Many IFIs like EIB, KfW, IFC, and GGF provide funding to leasing companies in Turkey to support
RE investments. According to the leasing law in Turkey, unless it is not used for mortgage,
individuals are prohibited to make leasing agreements; leasing contract should be signed by a legal
entity. Moreover, only few leasing companies have licence for mortgage leasing. Development of
legislation on inclusion of residential RE investments into mortgage category might support
extension of leasing finance for residential investment.

22
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BSRA-Turkish Banking Sector Key Indicators as of Sebpember 2016
Exchange rates in Turkey at the end of September 2015; 1 USD:3.025TL and 1EUR:3.394 TL
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3.2 Current Renewable Energy Financing Mechanisms in Turkey
3.2.1 General Approach
Current renewable energy financing mechanisms in Turkey can be summarized as follows:
 Turkish financial sector is eager to finance renewable energy projects and none of the Turkish
Banks are excluding renewable energy loans. In recent years, most commercial banks have
started to develop their capacity to assess renewable energy investments. International
Financing Institutions have been playing an important role in capacity building.
 Project finance departments of financial institutions usually assess utility scale of renewable
energy investments. Small scale renewable energy investment applications are usually remain
at the regional authority limit of commercial banks. Since risk assessment of non-PV RE projects
require additional measurements such as delay risk, environmental risk, resource assessment,
especially for hydro projects; resource assessment for wind projects, even if the project size is
small, additional risk analysis are mainly conducted by the project analysis departments of
financial institutions.
 Since payback periods for off-grid system investments are significantly longer than the on-grid
systems; majority of off-grid system investments are not financially viable. Therefore, financing
institutions prefer to finance on-grid investments
 On average, on-grid renewable energy investments need 7-10 years’ maturity in financing.
However as Turkish banking system has high dependency on deposit in funding; and maturity
mismatch between deposits loan is significantly high24, financial institutions need long term
funding to be able to finance long term investments. Currently the main financing source is IFI
funds.
 Large scale of renewable energy investments are mainly assessed by project finance
departments of financial institutions. So, cash-flow generation of the projects are considered
during the assessment. However, as energy loans do not have any provision exemption;
financial institutions still ask solid collaterals covering considerable amount of the loan; mainly
pledge.
If the loan is provided through regional/branch authorities; the collateral coverage might be
higher and the loan duration might be lower.
 EPC contracts and performance guarantees are not accepted as collateral by banks due to the
banking regulation. EPC contracts, where the EPC takes considerable risk of the project and
performance Guarantees are an essential tool to mitigate risk of energy investments.
The concept of EPC contracts and Performance Guarantees needs to be strengthened and obtain
validity by creating the proper regulatory and business framework such as:
24

According to BRSA September 2016 statistical figures, deposits represent 53% of total liabilities in the Banking sector and 94% of
deposits have shorter maturity than 3 months.
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•

Produce valid and simple Performance Guarantee contracts

•
Introduce measurement and verification procedures and IEEFP (International Energy
Efficiency Financing Protocol)
•

Make performance guarantees acceptable as collateral and assign a value to them

 Due to decrease of the country’s rating by international rating agencies; cost of funding has
been increased which increased loan interest rates in early 2017. So, the payback period of
renewable investments has been extended.
 As of start of 2017, the Turkish government has recently improved the functions of Credit
Guarantee Fund (KGF). With new amendments, through the fund, an individual RE project of
SMEs will be able to receive a guarantee up to USD 1.5 million for 5 years. That will allow the
banks to decrease the overall collaterals requirements asked from investors. Provided that the
score of the company is satisfactory, KGF will provide approval in 2 days only. However, KGF
will not cover all-risks which will be co-shared with the local bank too. The new mechanism is
expected to support extension of RE projects. The banks need to develop specific RE loan
products with KGF guarantee; providing longer maturity than the usual application.
 As renewable energy investments is an appropriate area for the leasing sector (the plant has
second hand value; fulfil collateral requirement etc.); leasing sector is also eager to be in the
sector. However, funding cost is the main concern in financing through leasing as its operational
and lending cost is higher compared to the banking finance.
 Renewable energy finance is also a favourable area for participation banks as it requires
agreement (Sukuk) between investor, seller, and a participation bank. There are three types of
Sukuk models as Murabahha (trade with mark or cost-plus sale), Mudarabah (profit-sharing
agreement) and Musharakah (equity participation) that might be used as alternative renewable
energy finance. In addition, participation banks can also provide leasing as a lending instrument;
which will reduce collateral requirements in lending. However, since currently participation banks
in Turkey act like commercial banks; profit-sharing agreement and equity participation are not
used yet and leasing is not highly promoted.
 The following SWOT analysis of “Small Scale Renewable Energy Finance in Turkey” which
reflects experts’ judgement based on the comprehensive energy finance field experience
comprising in the Turkish financial sector representatives; investors, NGOs, EPC company’s
opinions. The consulting team has probably the highest exposure and experience of this market
in Turkey as MWH Global is the project consultant of two major sustainable energy financing
programmes TurSEFF (The Turkish Sustainable Energy Financing Facility) and MidSEFF
(Turkey Mid-Size Sustainable Energy Financing); both projects are funded by EBRD and
supported by EU. The SWOT analysis is a result of this experience TurSEFF and MidSEFF
have financed more than EUR 1.1 billion small and medium size renewable energy
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investments.25 n The general outlook of the SWOT analysis of “Small Scale Renewable Energy
Finance in Turkey” is briefly summarized in the SWOT analysis presented below:

Figure 3-2: SWOT analysis of renewable energy finance in Turkey

25

As of July 31,2017 TurSEFF financed EUR 322 million to total capacity of 653 MW RE energy projects and MIDSEFF financed
EUR 876 million to total capacity of 1,077 MW RE projects
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4 Estimation of LCOE for Prosumers in Turkey
4.1 Segmentation for Prosumers
Different countries, and even regions, propose alternative segmentations for the prosumer market.
For instance, one of the most studied markets in PV, the USA, uses the following segmentation
(Source NREL)
Table 4-1: Market segmentation according to NREL (USA)

We are proposing the following segmentation according to technical and market considerations and
international benchmarks:
1. Limit up to 15 kW: Residential and small commercial clients will rarely need more than 15
kW. These small systems present the highest LCOE.
2. Limit up to 1 MW: Commercial, Industrial and multifamily buildings may easily need installed
capacities up to this level.
3. Limit up to 5 MW: This is the current proposed maximum installed capacity for Energy
Cooperatives in Turkey which offers clear economies of scale for prosumers willing to
associate in an Energy Cooperative.

Figure 4-1: Average size of residential and commercial PV systems in California. Source NREL
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Turkey has great potential for “self-consumption type” renewable energy investments, especially in
PV. In terms of solar water heating, Turkey is number 4 in the world and constitutes 2.9% of the
world’s solar heating capacity26. That means consumers in Turkey are open to using solar
technology and are eager to invest in this area. However, renewable energy investments for selfconsumption purposes are not attractive for the financial institutions and investors, as they prefer
renewable energy investments that sell the produced electricity through the FIT, mostly because
returns on investment are low and payback periods are long.
We have calculated LCOE under different scenarios to analyse the problem. These calculations are
found in Annex II. Estimates of prosumer LCOEs according to third party studies:
The estimations provided above come from the MWH experience financing small scale PV
systems in Turkey. Third party studies, and in particular those from the extensive reports for
Lazard are consistent with the same conclusions that small scale solar tariffs need to be at
least double of those tariffs for utility scale systems.

In project appraisal reports carried out as part of the CS02 services, the capital cost of “utility-scale”
solar PV projects in Turkey has been estimated to be about USD 1.1 million per installed MW. At a
feed-in tariff of USD 0.165 per kWh, the financial criterion of a payback period of about 7 years is
generally met at this level of investment in a typical solar plant in Bursa.
As specific local data for rooftop units (residential and commercial/ industrial), as well as for other
small-scale RE investments are not easily available, estimates for Turkey have been compared with
international data, published by Lazard27. Lazard provides a range of possible LCOEs for each type
of installation, the mid-point of which have been used for this purpose. These are shown on Table
4-2. It should be noted that these are different from the single-point estimates made in Chapter 3,
which have been calculated separately from typical international capital and O&M costs and
operating assumptions. A comparison of the mid-points of the possible ranges of LCOEs in Table
4-2 is primarily meant to show that the Turkey-specific LCOEs are more-or-less consistent with
international experience, as well as the fact that small-scale costs in general appear to be 30% to
40% higher than utility-scale.
Table 4-2: A Comparison of Turkish and international LCOEs (USD per kWh)
International
LCOE

Turkey LCOE

Residential rooftop

0.180

0.153

Commercial/ industrial rooftop

0.141

0.140

Community/ ground-mounted

0.107

0.106

Utility scale

0.055

0.110

Technology

26
27

http://www.worldatlas.com/articles/countries-with-the-highest-share-of-solar-water-heating-collectors-global-capacity.html
“Lazard's Levelized Cost of Energy Analysis” - Version 10.0, December 2016.
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From MWH experience, it has been found that in Bursa region, a solar PV tariff of USD 0.165
results in payback period of 7 years, which is a desired financial criterion to be used as a basis for
setting an appropriate feed-in tariff. This compares to the above utility-scale LCOE estimate of USD
0.110 per kWh. It is then not unreasonable to assume that adjusting the other LCOEs on Table 4-9
by a ratio of 0.165/ 0.110 will also result in an “adjusted-for-payback” required tariff. This would
bring the residential rooftop required tariff to USD 0.230 per kWh and the commercial/ industrial
rooftop required tariff to USD 0.210 per kWh.
Regarding small-scale RE developments that are not solar, it can be seen above that small-scale
solar LCOEs are approximately double those of utility-scale developments. Therefore, until better
data can become available, this basic observation may also be applied in estimating the costs of
other small-scale RE technologies in Turkey. This is a very rough, back of the envelop estimation.
As indicated in previous pages, the LCOEs for other technologies also vary significantly depending
on location. Regardless, estimates for required tariff based on LCOE and the seven year payback
are summarized on Table 4-3 for other technologies.

Table 4-3: Estimated LCOE of non-solar RE technologies
Technology

Utility-Scale
LCOE

Small-Scale, 7 year
payback-LCOE
calculation

Wind

0.067

0.135

Biomass

0.096

0.200

Geothermal

0.128

0.250

Hydropower

0.049

0.100

In examining the above costs, it is worth mentioning that geothermal and hydropower costs tend to
vary widely and are site-specific, especially hydropower. While the geothermal estimate is simply a
doubling of the international cost estimate made by Lazard, the hydropower estimate is based on
the current costs of two rather large hydropower developments currently underway in Turkey,
namely Ilisu and Cetin, whose LCOEs have been estimated to be USD 0.042 and 0.049 per kWh
respectively. The small-scale hydropower estimate is merely a doubling of the higher of these two
estimates. Also, the biomass estimate applies to both direct and indirect conversion to electricity, as
the international cost estimates for each were found to be close.
Given the estimated LCOEs, their implementation as tariffs should serve as an incentive to smallscale RE developers wanting to sell the full amount of their production to the grid. However, given
the approximate nature of the estimates, a certain degree of refinement is desirable over time. This
reinforces the need to update the LCOEs with better information as well as to monitor the uptake of
the tariffs in line with government RE targets on an annual basis.
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5 Economic Costs and Benefits to The Turkish Economy
At the LCOEs estimated above in Estimation of LCOE for Prosumers in Turkey, there will be a cost
to the economy that will be borne by Turkish electricity consumers under the current mechanism of
distributing RES purchases among purchasers at the wholesale level.
The volume of production that may be anticipated can only be estimated based on the RES targets
established by the Government of Turkey. The target of total additional RE capacity is 600 MW per
year, of which it can be assumed that 30%, or 180 MW, may be small-scale. Given the practical
ease-of-installation characteristics of solar PV compared to other RE technologies, as well as
quickly declining costs, the overwhelming majority of small scale installations will be solar PV.
Although ground-mounted wind power and other technologies might make up a small proportion of
total small-scale RE, for the purpose of this rather approximate estimate, it may be assumed that all
new small-scale installations will be solar PV. From the information contained in the above table, the
average LCOE for all small-scale solar PV technologies may be approximated as USD 0.15 per
kWh28. At an average capacity factor of 15%, the annual added capacity of 180 MW will produce an
additional 237 GWh annually. At a cost of USD 0.15 per kWh, the total additional cost of small-scale
RE will therefore be about USD 35 million.
The total cost of RE, however, needs to be balanced against the avoided cost of generation from
another source. It is reasonable to assume that, for every incremental kWh generated through RE
sources, one less kWh will be generated by a natural gas fired plant, primarily because the
incremental cost of generation from gas plants is the most expensive on the system - and will be the
first source of generation to be cut back if there is any additional generation from other sources.
Although the price of gas for electricity generation in Turkey is set by BOTAS at USD 200 per
thousand m3, this a subsidized price much below the price Turkey actually pays for imported natural
gas. It has been estimated that the price is actually closer to USD 300 per thousand m 3 (and may
be even higher), which translates into a cost per kWh of about USD 0.06 at an efficiency level of
55% for combined cycle gas plants. The cost will be higher for less efficient plants that would be the
first ones to be cut back at the margin with lower demand. However, USD 0.06 per kWh is a number
that corresponds best to the pool of newer more efficient combined cycle plants in Turkey that tend
to typify gas generation. This number would need to be studied in greater detail as to whether
inefficient (and more expensive) plants contribute significantly more energy at the margin.
The kWh costing USD 0.06 is generated at a relatively high level that needs to travel through the
transmission and distribution systems to replace any locally generated kWh from an RE source.
Transmission losses average 2-3% in the integrated Turkish grid, while distribution losses are
difficult to quantify because the locally generated kWh, if supplied to the grid, would also be subject
to distribution losses, but probably not as much as a kWh supplied from a substation. Because of
this, a figure of 10% total transmission and distribution losses may be considered, bringing the
avoided cost to USD 0.067 per kWh.
28

Note: This is close to the actual economic costs of USD 0.153 and USD 0.140 for residential and commercial/ industrial
respectively as shown on Table 4-2. The subsequent increase to over USD 0.20 for each of these LCOEs is, in effect, a financial
consideration that is an internal transfer payment within the economy and does not affect the cost to the national economy as a
whole.
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Additionally, the cost to the economy of carbon emissions must be considered. International lending
agencies such as the World Bank and Asian Development Bank have recently recommended using
a cost of USD 36 per ton CO2 emitted for economic analyses. A typical emission level for combined
cycle gas plants is 0.5 kg per kWh, which would then add a cost of USD 0.018 per kWh, for a total
avoided cost of USD 0.085 per kWh.
When this avoided cost is netted against the LOCE of USD 0.15 per kWh, the net cost to the
Turkish economy is USD 0.065 per kWh, or USD 15 million per year. This amount is cumulative, as
180 MW new RE capacity is added every year. Thus, in the first year, the cost is USD 15 million. In
the second year, it is USD 30 million, etc. After 7 years, the total net cost will be about USD 100
million per year.
It should be noted that the above estimate is based on costs of direct and tangible items for which
estimates, though approximate, may be easily made. It is quite likely that the value of not paying for
relatively expensive imported natural gas and redirecting these funds to in-country activities has a
positive economic effect that is not fully captured in the cost estimate. For example, in a past study,
the Solar Education and Research Foundation has provided an estimate of seven full-time
construction jobs created per MW solar power installed plus 0.7 jobs per MW for O&M29. Applying
these numbers to an assumed RE installation target of 180 MW small-scale installations per year
results in 1,260 full-time construction jobs required between the years 2017 and 2023, plus 126
O&M jobs created in each of those years on a cumulative basis, thus reaching 882 O&M jobs by
2023. Although this estimate was meant to apply to utility-scale PV solar, it is debatable whether a
similar estimate for small-scale solar would be larger or smaller. Also, the value of these jobs cannot
be fully ascertained as they, in turn, produce multiplier effects within the economy through increased
economic activity leading to more jobs and greater wealth. But this applies only to a certain point, as
importing goods at very low prices is more economically advantageous at a certain level, with the
resulting cost savings being put to better use elsewhere in the economy. The full effects of all such
factors may be captured through decidedly more complex econometric modelling of the economy,
which may be subject to a degree of manipulation. One such study30 has concluded that the
development of RE in Germany actually produced net positive effects – this in a country where
consumers have been estimated to pay over 20% more on their electricity bills as the result of
government efforts to promote RE.

5.1 The Feed-in Tariff and Self-Consumption
As previous mentioned, given the estimated LCOEs, their implementation as tariffs should serve as
an incentive to small-scale RE developers wishing to sell the full amount of their production to the
grid. However, this ignores and in some ways hinders the desire of the government to promote selfconsumption simply because the incentive is to sell as much RE output as possible to the grid, and
to purchase own-use electricity at the regular retail tariff of under USD 0.10 per kWh.
“Economic Impacts of Extending Federal Solar Tax Credits”, Solar Energy Research and Education Foundation, 2008
“Economic Effects of Renewable Energy Expansion A Model-Based Analysis for Germany”, Discussion Paper published by the
Deutsches Institut für Wirtschaftsforschung, 2011
29
30
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This is not necessarily a bad thing, depending on where RE production stands at any point in time
compared to government targets. If production is not keeping up with targets, then this behaviour
might be encouraged. On the other hand, if production is exceeding targets and the market is
flooded with small-scale RE production, then perhaps steps may be taken to promote more selfconsumption. One method is through the RE tariff.
Under the present system of net billing and where the retail tariff is lower than the RE tariff,
prosumers are actually penalized for self-consumption.
That there is any self-consumption at all under such a system of tariffs may be at least partly
explained by a prosumer desire to be “self-sufficient” in energy, even when the more financiallyadvantageous course of action is to sell all RE output to the grid. This happens all over the world.
In any case, the desire to self-consume will decrease further under tariffs based on the LCOEs
estimated above, which will widen the disparity between the retail and the RE tariff.
If it is really desired to promote self-consumption under the tariff, the prosumer should be
appropriately rewarded, as opposed to being penalized, for self-consuming. However, this has the
potential to become complicated in terms of measuring RE production, self-consumption and sales
to the grid – and then potentially applying some incentive-based rates to each component.

5.2 Incentive Mechanisms International Benchmarking
There are five main incentive mechanisms which have been designed and applied by developed
and developing countries to induce and support private investment in small scale renewables especially those renewables that involve higher or incremental costs: Feed-in-Tariff (FITs), Auctions,
Renewable Portfolio Standards (RPSs), Tax Credits and Renewable Energy Certificates31. These
can also be supplemented by other direct and indirect credit enhancements such grants, subsidy
investments and loans, and various tax benefits and allowances provided for renewable energybased power generation. Generally speaking, the investment focussed strategies rely on incentives
such as rebates, tax incentives or competitive bidding, whereas generation based strategies rely on
incentives such as feed in tariffs, rate based incentives and quotas. Different regulatory
mechanisms focus on different perspectives of the RE generating project.
In the EU, development of RE was first stimulated primarily through the implementation of national
support mechanisms in the form of either “green certificate” schemes, in which wholesale
purchasers of electricity must reach a certain quota of RE electricity, evidenced by tradable
certificates issued to RE power producers, or FIT schemes in which RE producers are paid a sector
specific price that replaces wholesale power market prices or supplements them by a fixed amount
regardless of how they may fluctuate. However, the application of these forms of subsidy, which
were awarded automatically to all qualifying projects without any overall budgetary limit, is now
being cut back in various ways or replaced altogether by forms of support based on competitive
auction processes, often involving competition between different RE technologies.
31

Net-metering is sometimes considered a distinct incentive mechanism however we will include it as part of FIT
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The falling costs for onshore wind and solar photovoltaic have dramatically changed the market
outlook for renewables, and thus the interaction with incentive structures. According to the new
REN21 Renewables Global Futures Report, “Renewables are now the least expensive option for
new power generation in almost all countries. Significant barriers for further market expansion are
therefore not related to cost but to the limitations of existing infrastructure.”
The market is evolving very rapidly and there is a lack of consensus among studies about whether,
which, and in what way renewable policies and incentives have been successful in stimulating RE
investment. Each policy had its relative merits. Most cases focused on effectiveness as a measure
of policy success, rather than cost-effectiveness or efficiency (much of the recent reversal is driven
by government and consumer concerns about the rising cost of RE subsidies - for electricity bill
payers or taxpayers). Moreover, most countries have in place more than one such mechanism,
which makes policy interaction and compatibility important. There are also numerous countryspecific non-economic barriers and constraints which must be considered (ex. transmission
arrangements, procedures for obtaining permits, utilities managerial autonomy, commercial terms of
the Power Purchase Agreements (PPA), etc.).
Critical analyses of the weaknesses of existing support schemes are missing. So there is still much
debate, and no clear success stories when comparing countries, on the cost-effectiveness - from an
economic and financial perspective - of various incentives and on how to best address issues
related to regulatory design and affordability. What is the ultimate cost and who pays for an
incentive program must be considered and decided by the government as a matter of the policy
design process. An income tax credit or preferential rate of income tax is necessarily carried by
taxpayers, green tariffs are necessarily carried by consumer while the incremental costs of a FIT
can be paid by consumers or from several different sources. All incentives will have a fiscal impact.
Europe had several leaders in RE deployment over the years but more recently saw investment fall
21% to its lowest total since 200632. BNEF’s figures for 2016 showed that clean energy investment
worldwide fell 18 percent, from 2015’s all-time high of $348.5 billion to $287.5 billion. Germany
could have been a good example of a successful country in previous years but whose situation has
quickly turned. Solar PV, onshore wind and offshore wind have been major contributors to
Germany’s new energy mix, each of which has developed in a unique way. Germany ranked sixth
globally for total investment, but saw overall financing fall by 46% to USD $8.5 billion in 201533. This
decline was a result of the changing policy framework. Once Europe’s engine of growth for smallscale distributed solar PV, Germany saw its investment in this sector contract by 57% in 2015, to
USD $1.3 billion34. Renewable energy was underpinned by the German Renewable Energy Act,
which provides 20-year fixed feed-in-tariffs and grid priority. Generous feed-in tariffs and preferential
tax treatment enabled equity returns on solar PV assets of 9-15%, which attracted the interest of
many homeowners and private equity funds. A series of EEG revisions over time have steadily
reduced the feed-in tariff rate, but this has been countered by rapidly declining panel prices and
EPC margins. The cost of this support program was borne by the end consumer, with a mandatory
32

REN21 Renewables 2016 Global Status Report
Ibid
34
Ibid
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premium added on each kWh used, the so-called EEG-levy. In parallel, cheap and reliable debt
financing has been readily available through the politically supported KfW 270 and 274 programs.
As Europe’s pioneering and largest renewables market, Germany is firmly under the microscope of
market participants as it completes a major transition in its regulatory framework.35

5.3 FITs
Under conditions where it costs more to install and provide RE than conventional energy, globally
FITs have been the most widely used government support mechanism for accelerating private
investment in renewable energy generation. Simply, FITs offer long-term supply contracts to RE
producers allowing for the production and distribution of RE in spite of its higher production price.
FITs are by definition are price incentives, the government intervenes to provide RE generators with
preferential output prices, with the result that the market determines the quantity of RE provided at
the stipulated price (though in some countries a cap is placed on the quantity). FIT can come in
three varieties: Production cost based feed-in tariffs (FITs), premiums over generation market price
(“adders”) and premiums over retail price (“green tariffs”). The key advantage of a FIT is that it
reduces investor risk by offering a guaranteed price.
On the other hand, a FIT that is too generous can stifle innovation and unnecessarily increase
procurement costs. The reputation of Feed-In Tariffs has suffered in recent years in the wake of the
European experience. In some EU countries, generously priced Feed-In Tariffs resulted in
unexpectedly large and sudden booms in renewable build and resulted in ballooning public subsidy
liabilities and put considerable pressure on electricity bills or government budgets. This prompted a
reversal of some policies. In the most current 2016 report, Climatescope which tracks the conditions
for clean energy investment on and off the grid, in 58 emerging markets in Africa, Asia and Latin
America & the Caribbean, highlighted a shift away from feed-in tariffs in developing countries toward
reverse auctions in their place. The former allows project owners to sell clean power at a market
premium, while the latter invite developers to bid to sell their power at least cost.
In Turkey, FITs with unlicensed electricity generation have increasingly been used as a tool for
investment and trading rather than for the internal needs of entities generating such electricity – selfconsumption. Amendments adopted in March 2016 appear to be primarily directed at restricting
unlicensed activities to ensure that they are not used to circumvent licensing requirements and only
parties genuinely interested in realising the relevant investment can benefit from the unlicensed
generation regime.

5.4 Competitive Tenders
Competitive tenders or auctions have recently emerged in many countries as acceptable techniques
especially for larger projects, not so much for small scale renewables and especially in developing
economies. Europe is following the trend. Tenders have the potential to offer lower prices, while still
The passing of Germany’s new renewable energy law (EEG) in July 2016 introduced sweeping changes to the regulatory
framework. Most notably EEG replaced the much admired and copied feed-in-tariff with competitive auctions for greenfield projects
seeking incentives.
35
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providing adequate incentives for market entry by renewable energy suppliers. Competitive bids are
a viable alternative to FIT programs for RE, and potentially offer better price outcomes with fewer
risks of excessive rents being appropriated by RE suppliers. In auctions both the price and the
quantity are determined through a price bidding process, before the project start. This allows
auctions to provide a “stable revenue guarantee for the project developers (similar to the FIT
mechanism)”, while at the same time ensuring that the renewable generation target will be met
precisely (similar to a RPO). In the figure below we provide a quick glance at some of the bid
outcomes in 2016 and highlight the countries with auction programs or renewable energy tenders.

Figure 5-1: 2016 selected bid outcomes36

Country CASE – South Africa: As the continent leader in the renewable energy development, the
government of South Africa introduced a number of policies to expand private sector participation,
boost investments into clean energies and reduce the country’s historical reliance on hydrocarbons.
South African progress in renewable energy development is largely based on the Renewable
Energy Independent Power Producer Procurement program (REIPPP) initiative, which was
introduced by the government in 2011. Since then, the new scheme has attracted around US$15.5
billion (£12.3bn €14.4bn R201.8bn) of investments, of which more than 20% came from overseas.
The strongest driver of the rapid reductions in renewable energy prices in South Africa has been the
implementation and design of an electricity auction that has been successful in facilitating
competition. REIPPP is a competitive auction for IPP renewable energy projects and is proving to
be extremely successful having completed 4 successful bidding rounds with a total of 92 projects.
36

Climatescope 2016 - http://global-climatescope.org/en/topic/enabling-framework/
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When correctly implemented, competitive tenders have the potential to unlock large sums of
investment capital for renewable energy and facilitate strong competition.
At the heart of the program was a well-designed and transparent procurement process and the
provision that Eskom enter into Power Purchase Agreements (PPAs), ensuring that investors could
forecast accurately their profits and bankability – which was enhanced by having payment risk
mitigated by a government guarantee. The banking sector also played a large role in the success of
the program by offering long-term debt (15 to 17 years for REIPPP projects). The financial sector
included a small, but functioning secondary market in bonds and syndicated paper. Finally, the
appearance of corporate-backed utilities had a significant impact on bid pricing and may have
fundamentally changed the competitive landscape in REIPPP.
An important focus of the REIPPP is to secure sustainable benefits for the country and for local
communities in proximity of the development. This is achieved through several mechanisms. The
requirement for shareholding in the IPPs to be retained locally was incorporated into the
procurement conditions, requiring that at least 40% of each project be owned by South Africans with
Level 5 contributor status37.
South African (local) equity shareholding across bid windows 1 to 4 equates to 47% (R30 billion) of
total equity (R 65.8 billion), which is substantially more than the 40% requirement. Bid requirements
have also secured shareholding by black South Africans across the value chain. In addition, a
minimum ownership of 2.5% by local communities is required as procurement condition. In this way
a substantial portion of the investments have been structured and secured as local community
equity. The actual shareholding held by local communities in participating IPPs is 10.5% across the
procured portfolio; well in excess of the minimum requirement. Community trusts have been the
main vehicle for structuring of local community shareholding. Over the life of the IPPs, the benefits
to the qualifying communities will be substantial. The aggregated impact (accrued over the 20-year
project operational lives) of all bid window investments and earnings, as projected for local
communities associated with the IPPs, amounts to R29.1 billion (net income). If the net projected
income had to be structured as equal payments over time, it would represent annual net income of
R1,46 billion. Under current financing structures, cash flows to communities will be limited until debt
has been fully serviced.
The procurement program for small scale projects is under revision to better address the needs of
small project developers.38 The use of bidding for small scale projects was not successful in South
Africa, unlike the impressive success for large scale projects. Small projects were required to go
through a bidding process like the one for large projects. These risks for SME proved to be too
much. Neighbour Namibia adopted a FIT scheme for small scale projects up to 5 MW, which has
proven to be much more adequate.

37
38

Level 5 refers to a scale of black ownership rank from 1, lowest, to 8 highes
https://www.ipp-smallprojects.co.za/
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5.5 Renewable Portfolio Standards (RPS)
RPS are a quantity instrument and are very easy to apply but most RE targets are simply political
statements and are not based on economic principles. They are one of the most common policies
used with FITs. In contrast to the FIT policy, which is price-based (fixed-price and premium-price),
the RPS policy is quantity-based. This instrument requires companies to increase the amount of
power generated by renewable energy sources. The RPS mechanism obligates utility companies to
generate a specified share of their electricity by renewable energy. The advantage of an RPS is
that it typically stimulates cost effective procurement by inducing competition between suppliers. On
the other hand, such competition may deter the entry of risk-averse RE suppliers and limit the ability
to foster technologies that require time to become more competitive. FIT policy is preferred when a
policy to develop renewable energy sources with a low level of risk for investors is required.
However, the RPS policy is appropriate when a market view policy is applied by the government.

5.6 Tax Credits
Tax incentives can operate at a number of levels, for instance, as exemptions from sales, payroll or
import taxes; as tax deductions for individuals or businesses; or as tax credits. Tax exemption is
used as a fiscal incentive measure to enhance renewable energy deployment in many countries.
Tax credits could be applied for the investment, production, or consumption segments of electricity
generated by renewable energy sources. Policies aimed at encouraging renewable energy
consumption can apply tax credits on the purchase and installation of renewable equipment to
facilitate the penetration of renewable energy deployment into the market.

5.6.1 Country Case – U.S. Tax Credits
In the U.S, Tax Credits derive from two key and effective Tax Code policies of the Internal Revenue
Service, the Production Tax Credit (PTC) and Investment Tax Credit (ITC). They have been
instrumental in motivating capital and driving growth in the RE sector. These policies helped the
sector attract more than $350 billion in investments since 200439 while enabling the rapid scale up of
the renewable energy industry which has led to substantially lower costs. Unlike other energy
policies however, the PTC and ITC are temporary and require periodic reauthorization. The
uncertainty surrounding the continuation of these policies adversely affects the markets and puts
further growth at risk. This can be seen from the Figure 5-2, example taken from wind installations
which shows the jumps in capacity prior to and post-tax credit extensions.

39

BNEF
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Figure 5-2: Impact of production tax credit expiration40

Investment Tax Credits are available for solar, wind and other technologies and provide a onetime tax credit of 30% for solar and wind and lesser percentages for certain other technologies of a
project’s qualifying capital costs. Production Tax Credits are inflation-adjusted per-kilowatt-hour
(kWh) tax credits for electricity generated by qualified energy resources and sold by the taxpayer to
an unrelated person during the taxable year. The amount of the credit and its duration is determined
by the technology used. The duration of the credit is 10 years after the date the facility is placed in
service.
Because sponsors/developers generally do not have sufficient taxable income to use these tax
benefits, the financing of these renewable energy projects depends on tax equity investors providing
equity in return for the use of the project’s tax benefits and some of its cash flows. The tax equity
investor, typically large banks and insurance companies as well as select utilities and technology
companies, provide RE project financing in exchange for the ability to claim the tax credit. This trade
allows investors with large tax bills to monetize the upfront benefits of the credits, while providing
RE companies the equity financing needed for the capital intensive energy projects.

40 Source http://www.ucsusa.org/clean-energy/increase-renewable-energy/production-tax-credit#.WQh7cdKGOUk
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Figure 5-3: Most common tax credit structure - Leveraged Ownership Flip and Pay-As-You-Go
("PAYGO")

Tax Equity is an excellent investment for individuals and corporations that have a tax liability and
would prefer to invest capital in an income producing asset as opposed paying the Internal Revenue
Service. Investments are typically structures so that investors typically receive a 1.4 to 1.6 multiple
on their investment over the 6 year model. In addition, by taking the ITC and bonus depreciation
benefit in year 1 the investor has a majority of their investment paid back in less than a year. An
investor also has an opportunity to earn a preferred return on cash flow generated from operations.

5.7 Renewable Energy Certificates (REC’s)
RECs are also known by other name such as green certificates, renewable certificates, green tags,
and tradable renewable certificates. Renewable energy certificates started to be used in the 1990’s
when renewable energy was purchased through compliance and voluntary programs, when options
were few for commercial and institutional customers that wanted renewable energy, and renewable
energy cost a premium to conventional power. These certificates are traded in the national, and
sometimes in international markets. The basic aim behind these certificates is to promote
development of renewable energy sources and thus enabling the market creation for renewable
energy. As soon as the electricity provider has fed electricity into the grid, they get a renewable
energy certificate that can be sold in local or international markets as a tradable commodity. This
certificate is an evidence that 1 MWh of power was generated from a renewable energy source.
Production of green energy or renewable energy costs more and these energy certificates provides
an additional income to the energy providers. An equivalent numbers of RECs is produced for every
unit of electricity generated. These certificates helps to replace fossil fuel based power generation in
places where renewable electricity generator is located. Purchase of renewable certificates offsets
conventional energy generation and the buyer receives a separate electricity bill for the utility.
Many environmental organizations claim that there are no ecological benefits by the certification
method being used at present. This is expected to hamper the growth of the market in the coming
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years. For the sale of renewable electricity a system or body was created which separates
renewable electricity generation into two parts mainly the electricity produced by renewable energy
and renewable attributes of that electricity generation. No certificates would be granted for the
electricity part of the split as it no longer considered renewable or green energy. While end users
can still support renewables directly with the purchase of RECs, demand shifted toward options
such as PPAs which both reduce costs and meet sustainability goals.
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6 Community / Shared Solar / Cooperatives
One of the new financing business models which is gaining in popularity in Western Europe and the
U.S. is Community RE. Community solar is a promising solution for residential customers and small
businesses who want to purchase and support renewable energy but for whom individually
contracted rooftop solar doesn’t make sense. According the Greentechmedia, 218 MW of
community solar installations came online in 2016 and in 2017 America’s community solar market is
expected to surpass 400MW. Community solar is expected to become a 500 MW annual market
and account for nearly 25% of the U.S. non-residential PV market over the next five years.
Germany has almost 1,000 energy co-operatives around the country, which can sell electricity
directly to third parties.
At the most basic level, community RE refers to a renewably powered energy system that benefits
multiple members of a community — a middle ground between individual rooftop installations and
utility-scale solar arrays. Most commonly community RE are solar plants but can also include small
wind farms. A community RE project - or shared renewable energy plant - is a solar or wind power
plant whose electricity is shared by more than one household. 'Community RE' can refer to both
'community-owned' projects as well as third party-owned plants whose electricity is shared by a
community.
Community, Cooperative (in Europe) or Shared RE models allocate the electricity of a jointly owned
or leased system to offset individual consumers’ electricity bills, allowing multiple energy consumers
to share the benefits of a single solar array, for example, in the case of solar. These business
models increase deployment of RE technology in communities, making it possible for people to
invest in RE together. They are one of the most effective methods to engage people through
ownership where benefits of developments to both individuals and communities are real and
tangible.
Common characteristics of Community RE include:
•

Citizens running projects through communities, such as co-operatives or development trusts;

•
A co-operative, democratic or non-corporate structure in which individuals participate
actively in decision making;
•

Tangible local benefits to people living or working close to projects; and

•

Profits returning to the community or being re-invested in other community energy schemes.

Shared RE commonly takes the form of virtual net metering (VNM). The business models allow
multiple participants to benefit directly from the energy produced by one RE project. Shared RE
participants typically benefit by owning or leasing a portion of a system, or by purchasing kilowatthour blocks of renewable energy generation. Most community solar projects are relatively small: in
the one to two megawatt range. A single project is too small to finance individually other than on
balance sheet because the transaction costs are too high. Owing to the infancy of the market, there
is a lack of legal precedent, market research, and data on project successes.
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6.1 Models in Europe
In Europe there are three models which are common. The first offers the right for community energy
projects to sell their electricity directly to third parties, this system is championed in Germany. By
selling direct, small electricity producers are able to charge more per unit and buyers pay less than
current market rates - a win for both parties. The second is the UK community scheme where the
projects electricity is sold directly into the national grid, collecting a fee set by the government’s
energy regulator OFGEM. People then buy the electricity at wholesale rates from power utilities. UK
legislation doesn’t explicitly prohibit such a German approach, but the cost, effort and technical
complexity of doing so “just doesn’t justify the payback.” The third model is Denmark’s “right to
invest” principle. This system essentially requires project developers to give local residents priority
when it comes to financing a community energy scheme. While the UK has a voluntary protocol that
encourages developers to offer a minimum 5% community share ownership for projects worth
£2.5m or more, Denmark’s figure is set at 20% for wind projects larger than 25 metres.
Incentivizing residents to invest in local energy schemes not only provides more equity for
developers but it heightens engagement around energy issues. It allows people feel like they own
part of the energy they use which in turn is more effective in terms of behaviour change and energy
usage.

6.2 Turkey
Green Cooperatives in Turkey have state support of tax and subsidized credit options. In this sense,
Green Cooperatives can be regarded as an innovative way for the financing of the Photovoltaic
systems. The legal framework has just been formed in Turkey for Green Cooperatives and no
systems have been installed yet under this framework.
The Ministry of Customs and Trade has already established the conditions in article of association
(AOA) of Cooperative to form a RES cooperative:
a) It has to be formed by at least 7 (seven) founder-members within the same electricity
consumption segment (ex. industrial, residential subscription, etc.)
b)

They must be in the same electricity distribution zone

c)

They must connect to the same grid connection (as per unlicensed regulation above)

d)

The electricity consumption integration

Currently the allowed MW depends on the number of members:
a) Up to 100 members up to 1MW
b) 100< members<500 up to 2 MW
c) 500< members<1000 up to 3 MW
d) >1000 up to 5MW
This division by members is not perceived as very practical by the consultants. For instance for a
cooperative of more than 1000 members would force an average allocation of kW of only 5 kW,
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which in practical terms eliminates all possibilities of cooperatives of large commercial or industrial
prosumers.

Figure 6-1: Sample of Turkish Energy Cooperatives promotional brochure

The emerging Cooperative business models for RE deployment have the potential to expand the RE
market customer-base dramatically. Options such as offsite shared wind or solar and arrays on
multi-unit buildings can enable rapid, widespread market growth by increasing access to renewables
on readily available sites, potentially lowering costs via economies of scale, pooling customer
demand, and fostering business model and technical innovations.
The new models remove the need for a spatial one-to-one mapping between distributed RE
generation and the energy consumers who receive their electricity or monetary benefits. The output
of shared RE can be divided among residential and commercial energy consumers lacking for
example the necessary unshaded roof space to host a PV system of sufficient size, or divided
among customers seeking more freedom, flexibility, and a potentially lower price.
By aggregating customer demand, shared RE programs can reduce the financial and technical
barriers to going green. Instead of acting alone to purchase systems such as panels and hiring
professionals to complete individual site assessments, shared RE programs divide those costs
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among all the participants. This also makes it easier for participants to buy in at a level that works
best for their budgets.
Siting flexibility is also beneficial to participants. Since shared RE can be located on or off site
thanks to virtual net metering, it allows for strategic placement on sites such as commercial
rooftops, brownfields, and municipal land, which can optimize grid operations and aid local
economic development.
Utilities also reap the benefits of shared solar programs. They can work with programs’ siting
flexibility to ensure that arrays are strategically sited for maximum electricity benefits. It also makes
their jobs easier; having larger, shared arrays connected to the grid allows utilities to operate in a
more streamlined manner compared to maintaining many smaller, diffuse solar systems.

6.3 Business Models
There are several different ways and that community solar projects can be structured. And as the
market grows, more permutations will be developed. Some examples include:
•
A company could build a community solar project and sell or lease subscriptions to
community members.
•
An organization (e.g. church, non-profit, business, etc.) could install solar on their building
and share the production with neighbours or community organizations.
•
An organization (e.g. church, non-profit, business, etc.) could install solar on their building
and share the production with neighbours or community organizations.
•
A condo could install a large system and divide the production among some or all of the
units.
•
lot.

A group of neighbours could get together and develop a project on a local building or parking

•
A house with a basement rental unit can install solar on their roof and share it with the
tenant.
There are two models which have emerged for structuring a community RE project, Utility
Sponsored and SPE. There is also a non-profit model similar to the SPE which we do not cover
here.
•
Utility-Sponsored Model: A utility owns or operates a project that is open to voluntary
ratepayer participation. In most utility-sponsored projects, utility customers participate by
contributing either an up-front or ongoing payment to support a solar project. In exchange,
customers receive a payment or credit on their electric bills that is proportional to 1) their
contribution and 2) how much electricity the solar project produces. Usually, the utility or some
identified third party owns the solar system itself. The participating customer has no ownership
stake in the solar system. Rather, the customer buys rights to the benefits of the energy produced
by the system. Utility-sponsored programs can help make solar power more accessible by
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decreasing the amount of the purchase required, and by enabling customers to purchase solar
electricity in monthly increments.

Figure 6-2: Utility-Sponsored Model

•
Special Purpose Entity (SPE) Third Party led Model: Individuals join in a business
enterprise to develop a community shared solar project. When a group chooses to develop a
community shared solar project as a special purpose entity, it assumes the significant complexity of
forming and running a business. The group must navigate the legal and financial hurdles of setting
up a business and raising capital, and comply with securities regulation. In addition, it must
negotiate contracts among the participant/owners, the site host and the utility; set up legal and
financial processes for sharing benefits; and manage business operations. Given the complexity of
forming a business, it is not surprising that many special purpose entities pursuing community
shared solar are organized by other existing business entities with legal and financial savvy. Solar
installation companies such as My Generation Energy in Massachusetts have successfully created
LLCs to purchase solar installations funded by groups of investors. Although this expands the
market for solar, the benefits are limited to a small group of tax-motivated investors. In an alternative
model, the Clean Energy Collective in Colorado has created a business structure under which
participation is offered to an unlimited number of utility customers.
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Figure 6-3: Special Purpose Entity (SPE) Third Party led model

The table below summarizes the different aspects of each model.
Table 6-1: Different aspects of community models

As mentioned previously, community ownership maximizes the economic benefits of renewable
energy schemes and provides a conduit for promoting energy efficiency measures and an
educational forum to promote changing current consumption habits. Communities include those
within a certain geographical area and people who share common values.
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Benefits of renewable energy to the economy include job creation, rents, rates, services and the
production of affordable electricity; an essential component of any economy and reducing the
impacts of climate change. The levels of funds staying within the economy are significantly
increased if the schemes are owned or part owned by local people themselves and the knock on
effect of money generated from the industry remaining within the economy.
Community solar projects are starting to be financed by traditional lenders and tax equity investors
(in the U.S), but many sponsors still struggle to figure out how to attract financing.
Financiers are still learning how to underwrite this asset class. Financing of community solar
projects will, at least for the time being, probably take longer and be more difficult than other, more
traditional solar projects while the market still feels its way.
While it’s clear that the U.S. and some European countries are embracing community solar or
shared RE, challenges remain. In general, a well-designed community/shared RE program can
bring RE to a wider variety of customers than rooftop solar and lower the costs as a result of the
economies of scale that are possible with utility-scale projects. However, local regulators have
experimented with different program elements, challenges have arisen on issues like how to
allocate costs between participating and non-participating customers, how to manage large
interconnection volumes efficiently, and how to balance the need to create attractive markets for
developers while providing for local control.
The community solar segment is on the cusp of becoming a mainstream driver of U.S. solar market
growth. There is nearly 3 GW of community solar in development across 29 U.S. states. Starting in
2017, community solar is expected to consistently drive 20% - 25% of the annual non-residential PV
market and become a half-gigawatt annual market by 2019 in the U.S.

Figure 6-4: Community solar outlook
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Example: Bright Tucson Community Solar
The first source of solar power for the Bright Tucson Community Solar Program is a 1.6-MW singleaxis tracking PV array located in The Solar Zone at the University of Arizona Science and
Technology Park. TEP is expanding the program as demand requires through utility-owned systems
and power purchase agreements. Currently, program participants have purchased 2.1 MW of
community shared solar.
The following details pertain specifically to the first Bright Tucson Community Solar Program solar
source, a 1.6-MW single-axis tracking PV array, unless otherwise noted.
Program Highlights
System Owner: Tucson Electric Power
System Host: University of Arizona Science and Technology Park
Installed Capacity: 1.6-MW single-axis tracking PV array
Participant Agreement: Customers pay a fixed monthly fee per solar block in return for a 150-kWh
credit. Any credit remaining after the September billing period will be paid in full as a credit on the
next bill.
Electricity: Each 150-kWh block replaces the charges for an equivalent amount of conventional
power at a rate that currently adds $3 per month to the customer’s electric bill.
RECs: Retained by TEP
Number of Participants: 564 (six are commercial; includes all program solar sources)
Financial Details:
Installed Cost: $4/watt
Capital Financing: Utility financed
Tax Credits: For 1.6-MW single-axis tracking array, TEP used levelized ITC. For 2-MW dual-axis
tracking array, owner took the Treasury Grant (in lieu of ITC).
Estimated Annual Cost: $36/year for a monthly 150-kWh block. As the price for non-solar energy
rises, participants could eventually realize monthly savings on their solar purchase.
www.tep.com/Renewable/Home/Bright
Other Examples and Resources:
www.communitypower.eu
Rescoop.eu
http://energy4all.co.uk/
www.kilbraur.coop/
www.somenergia.coop/
www.lochemenergie.net/
www.bluewavesolar.com/
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6.4 Conclusion
All incentive mechanisms and policies are subject to changing political wills, and can be revoked, as
was the case in Spain in 2013 and in Poland in 2016. Incentive mechanisms therefore do not
eliminate investors’ uncertainty of the expected income from RE projects, and as such need to be of
a significant size (limited by the treasuries check book) to reduce the payback on investments to a
time period so short that investors will trust in policy stability during the specific investment horizon.
Private sector project developers need a clear, stable, and predictable framework within which to
invest. Whether FIT, competitive tender, or other mechanism is chosen, private sponsors,
developers, and financiers are more than willing to invest in renewable energy if the procurement
process is well designed and transparent, transactions have reasonable levels of profitability, key
risks are mitigated by government, and support mechanism provide long-term certainty and
decrease the risk of investment by providing a certain revenue stream for the project.
Throughout the report examples of South Africa and the U.S are provided. However, note that it’s a
challenge, and is imprudently simplistic, to provide the examples of countries where particular
incentives have worked and assume that the same incentives could be transplanted and provide the
same results in another country like Turkey. There are numerous factors which influence why a
particular incentive will be more effective such as resource endowment, regulatory framework,
arrangements for transmission, responsibilities for policy and regulatory oversight, subsidies on
fossil fuels, subsidies on the retail tariff, etc.
Incentive schemes need to be grounded in economic analysis and accompanied by the application
of market principles to ensure economic efficiency. And there is always the difficulty of predicting
unexpected consequences of mechanisms and their interaction with other polices or market
inefficiencies or failures. RE incentives on their own cannot guarantee success in enabling
significant private sector investment in RE. To be successful other necessary conditions must be
present. Tariffs need to be transparent in methodology, be accompanied by a non-negotiable power
purchase agreement, clear arrangements for transmission costs need to exist. These are some
additional ingredients which need to be taken into account.
Incentives mechanisms and financing RE is not a one-size-fits-all exercise. What works for
one country, sector, or project may not work for another. Consequently, it is imperative to develop a
diverse menu of options to access capital. The successful countries had one approach which as
common which enabled them to employ a successful mix on incentives. They all engaged is a
series of informal consultations held with developers, regulation experts and financial
institutions. These meetings proved to be extremely important in terms of allaying market concerns
resulting from the earlier policies and programs while providing informal feedback from the private
sector on design, legal, and technology issues.
There is an increasing trend, world-wide, to move away from ridged support mechanisms models.
As the energy market becomes more and more complex so do the energy policies in many
countries. Hybrid support mechanisms are gaining in popularity. Often having two different types of
support mechanisms ruining in parallel, or even combining elements from different policies into one
can be advantageous.
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Therefore, FIT and Auctions can well be implemented in one country at the same time. In these
cases, the conditions under which the two support mechanisms can be applied need to be well
defined. For example, in many countries which have implemented both FIT and Auctions, the FIT
are targeted towards small projects while the auctions are limited to large project
developers. The country has to carefully choose and define the thresholds for the projects, deciding
which project classify as small scale. However, there are also examples of countries which have
implemented the policies in exactly the opposite way (example: Uganda: Auctions for small scale,
Denmark: Auctions for emerging tech).
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7 Supporting Financing of Prosumer Renewable Energy
Investments Through Non-Pricing Mechanisms
7.1 Reverse Project Finance
Financing of renewable energy projects is not different of other infrastructure financing in the sense
that Financial Institutions always need to understand the risks involved and which party is more
capable to decrease and be responsible for certain risks. The Financial Institution always tries to
identify risks to manage them, and to understand which kind of guarantees can be used to recover
the money lent in case of default:
If the guarantees come from the balance sheet of a company, or group of companies, we say this is
a normal corporate loan.
If the guarantees come from the future cash flows of the project, with none or limited recourse for
the developer or companies sponsors of the project, we call this Project Finance.
Project Finance has the obvious advantage that as the loan is guaranteed by the future cash flows
of the project, the corporations or individuals who sponsor the development, construction and
operation of the project do not have to use their personal or corporate assets to back up the loan.
The problem is that Project Finance is very expensive because it needs very detailed analysis of all
the technical and legal risks, to make sure the financial institution will be able to receive payments
from the regular cash flows generated by the project. Project Finance works well with very large
projects, projects more than $50 million, but for small projects, under $5 million very rarely it pays off
for a financial institution and for a potential lender to go under all the detailed studies and due
diligence of a Project Finance methodology to obtain a loan without recourse, or with limited
recourse.
This report, explains the latest experiences in the financing of small renewable energy projects and
proposes to use a standard methodology to reduce costs of Project Finance, and therefore make it
available also for smaller projects. The basic idea is that Lender Advisors spend a lot of time and
effort understanding the risk of each technical solution, service provider and type of contract. These
efforts can be reduced dramatically if standard pre-approve products, standard technology solutions
and standard EPC (Engineering Procurement and Construction) contracts are proposed.
We have chosen to create what could be a standard project finance package for the most common
technology in small projects: solar photovoltaic, whose dramatic cost reductions in the last few
years, makes it particularly attractive, but other technologies could also benefit from this innovative
approach.
Using this methodology small renewable energy developers could access to a much bigger
financing pool that what their balance sheets may allowed. Project Finance methodology applied to
small projects could unstrap thousands of new MW

7.1.1 Typical Development Process for A Small RE Project
Renewable energy projects share similar development stages, which then vary slightly by
technology and by country.
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Beyond the local experience integral to successful project development, the process always begins
with resource evaluation. For solar power, extensive public meteorological data enable developers
to designate wide swathes of land as high potential areas, in which local shadowing and the type of
plant (ground, rooftop or building integrated) must then be considered. For wind power, local
conditions are even more relevant and significant on-site measurement efforts allow wind experts to
assess a site’s exact production capacity.
Raw wind data is analysed using models of the terrain and potential wind turbines characteristics to
estimate production at various levels of certainty.
The next step is guaranteeing land rights. By establishing local contacts, RE project developers can
either lease the land for the useful life of the project, often 20-year, or they may also purchase the
land, with a view to extend the project’s life beyond a 20-year horizon. The decision hinges naturally
on the current landowner’s preferences and on an economic calculation, but also on the country of
operation as the legal robustness of lease contracts may vary.
Once it becomes clear that the energy resource and the land will be available, we turn to
environmental impact studies (EIS), which are necessary to obtaining building permits from the
competent administration. EIS ensure that new construction will not be disruptive neither to local or
migratory fauna nor to human habitations. The impact on human presence is evaluated in terms of
sound and visual impact.
Throughout the process described above, project developers work toward an agreement with the
entity responsible for the power grid in the area. In most countries, a competent authority oversees
standard procedures to offer grid connection agreements. These agreements ensure that all
produced power will be sold to the grid and turned into revenues by establishing a mandatory take
off duty on grid operators.
Depending on the country of operations, a Power Purchasing Agreement (PPA) with a utility or an
electricity trader may be required. PPAs allow project owners to purchase a guarantee on a
minimum revenue from their production where feed-in tariffs are unavailable and market risk on
alternative support mechanisms is too risky for non-recourse project financing, which is negotiated
with banks who have made the strategic decision to invest in the renewable energy sector and have
extensive experience to determine project quality and risk.
At this point, we enter the pre-construction phase. Engineering, Procurement and Construction
(EPC) contracts, insurance and O&M (Operation & Maintenance) contracts are negotiated to ensure
the timely, coordinated and efficient collaboration of all actors involved in building the project. For
solar projects, EPC contractors often undertake most of the construction works, thereby allowing for
a simpler construction phase than for wind projects, where tasks are often distributed amongst
specialized companies.
Commissioning is often a technical step where project owners and grid operators formally enable
renewable energy production to be injected in the grid and sold. Operation then begins.
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7.1.2 Standard Project Finance to Reduce Risk and Cost for Small Projects
To understand how to reduce the risk, we need to understand the typical steps of a renewable
energy project and the risk associated to each step. The steps can be grouped in three larger
phases:
1. The development phase:
a. Resource evaluation
b. Land rights
c. Environmental impact study
d. Building permits
e. Grid connection agreements
2. Pre-construction and construction phase:
a. Power Purchase agreements
b. Non-recourse project financing
c. EPC contract
d. Insurance
e. O&M contracts
3. Operational phase
a. Commissioning
b. Operation
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Project Finance Process
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As a result of (i) the standardisation of legal agreements, (ii) technical design and (iii) the procurement of
EPC contractors, the IDC process for funding is reduced to 4 major components as shown below:
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Developer
Responsible for Site &EIA

IDC - Standard EPC,
O&M and Finance
Agreements

Limited Legal
Counsel for
Borrower

Limited Legal
Counsel for
Lenders

Figure 7-1: Project Finance process that can be standardized

Risk decreases as the project leaves the development phase and advances toward operation. As
prudent project analysis and development done on sound legal and technical basis progresses, the
project gains viability. Development relies on trusted and experienced teams on the technical side
and on specialized legal expertise for land rights. Environmental impact studies are carried out by
recognized experts to ensure the credibility of findings against possible local opposition. Once each
of these first three steps is soundly completed, the project’s quality is ensured.
The pre-construction phase, when third parties are selected to perform the construction of the asset,
is tightly interwoven with insurance and performance contracts that allow to mitigate risks for the
investing party and ensure that the responsibility and incentives to solve any potential issue or delay
have been transferred to the parties best able to find solutions, under the continued supervision of
the project owner. The contracts’ robustness allows banks to reach financial closure before project
construction begins. During the construction phase, the major risks of cost overruns, delays or
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project failure are controlled through this tight contractual framework. Once the construction is over,
the project reaches a high level of security: the investment, which accounts for the overwhelming
majority of costs in RE projects, is already done, and the operational costs are well contained by
long term O&M and insurance contracts.
Remaining uncertainties during the operational phase are therefore mostly on the revenue side and
are correspondingly mitigated. Revenues depend on the resource, the technical operation of the
equipment and the price received for the electricity produced.
Resource intermittency is accounted for by the initial technical analysis of the raw wind data, which
allows wind energy experts to determine production at various levels of confidence. These
calculations allow us to talk of production at a P75 level of confidence for example, which is to say
that a project has a 75% probability of producing more than this level in an average year. Equipment
availability is contractually guaranteed and O&M contractors are financially liable for any loss of
income due to downtime. All the while, insurance contracts guard against more severe events. This
structure offers strong assurances that the project will most often be able to generate power from
the available resource.

7.1.3 Renewable Energy Assets as Investments
The main feature of a renewable energy asset, from a financial point of view, is its capacity to
generate long-term stable cash flows, whilst displaying a moderate or low risk profile. This is
generally the case for renewable assets attracting revenues under a government backed, long-term,
regulated framework or, where required, for projects benefiting from ECA (Export Credit Agency) or
Multilateral risk coverage.
Renewable energy projects generate electricity through renewable sources, which unlike
conventional generation do not require the acquisition of fuel or feedstock (biomass, biogas and
waste to energy constitute clear exceptions).
Because of the above reasons, the cash flows generated by certain renewable energy assets can
be assimilated to those of a long-term bond.
Structuring a Renewable Energy Project
Renewable energy projects are typically structured following the project finance model. This
involves the financing of an economic entity, acting as independent investment vehicle, in which the
investment (and borrowed funds) is repaid out of the (future) cash flows generated by the economic
entity which allows its assets to act as collateral for the investors (and lenders).
Such projects, especially where partially financed by financial institutions (“lenders”) on a project
finance basis, must go through a very detailed due diligence and are structured and documented to
high standards and levels. The risks associated to a project are well identified and understood with
each risk being allocated to the project’s party best suited to undertake, manage and/or mitigate
such risk. This allocation of risks amongst the parties is then documented in contracts or
agreements, which clearly detail the rights and obligations of each party towards the others. Such
high degree of contracting and structuring derives in a reduction of uncertainty and thus risk profile
for the investors.
The main typical contracts or agreements encountered in such projects are as follows:
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Construction Contract - For the engineering, procurement and construction of the project. This
can be structured as a single contract (known as an EPC Contract Wrap) or as a combination of a
reduced number of construction contracts with different contracting entities with an interface
agreement regulating the relationship and responsibilities amongst them (know as a Multi-Contract
Construction arrangement).
Furthermore, these contracts will tend to be signed on a time certain (for completion), fixed price
basis. Any construction contractor will have to guarantee the performance of any subcontractors
and equipment suppliers it might engage and provide “single point” of responsibility for the overall or
its part of the construction of the project. The contract will contain completion tests, liquidation
damages and performance guarantees. The construction contractors will be required to provide
performance bonds, parent company guarantees and/or external guarantees in support of their
obligations.
Experienced and credit worthy construction contractors are key to the successful development of a
project and any lender will place significant weight on the associated construction contract to ensure
timely and within budget completion and as contracted performance.
Operating and Maintenance Agreement (“O&M”) – The agreement regulates the provision of
day-to-day services in relation to the operation and maintenance of the project during its operational
phase. Depending on the project and the capabilities of the contractor, this could also include a
larger or smaller portion of life cycle costs of the project as part of the annual fee payable to the
contractor. The contract will contain performance guarantees.
An experienced and credible O&M contractor is key to the successful operation of a project and any
investor or lender will place significant reliance on the associated O&M contract so as to ensure
continued performance of the project. The technical skills and experience of the O&M contractor will
become very important when dealing with more complex technologies, such as energy-from-waste
or off-shore wind, whereas this being less where operations are relatively simpler and more
straightforward, such as PV or wind.
Power Purchase Agreement (“PPA”): This contract is a cornerstone in most renewable projects
since it will inform and govern the volume, price conditions, and hence, revenues received by the
project from the sale of its generated power. In some cases, such volume and price conditions are
statutorily set out by a government, this being known as “feed-in-tariff” mechanism, and although a
PPA with an off-taker is still required, the terms formed by such feed-in-tariff. The power purchaser
or off-taker must be creditworthy.
Clearly, it will be in the best interest of the parties that the terms of such PPAs are fixed for as long a
period as possible and any lender will require these to extend beyond the tenor of the senior loan
facilities. However, entering into a PPA at the bottom of an electricity price cycle might derive in the
destruction of a large amount of future value and in this case a preferred route might be to enter into
a floor-price PPA or a shorter-term PPA.
Political and Commercial Risks – ECAs and Multilateral Agencies
ECA and Multilateral Agencies and Financing Institutions play a crucial role in enhancing the risk
profile of projects located in countries that are subject to political, commercial and/or legal
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environments considered as non-financeable on a “naked-risk” basis, by providing commercial
and/or commercial coverage (i.e. insurance).
Typical Project Finance Risk Allocation

Most of the work and skill deployed in structuring a successful, limited or non-recourse project
financed RE project goes into effectively and efficiently transferring or allocating specific risks to the
parties best suited to manage, absorb or/and mitigate the risk, thereby leaving only residual or
manageable risks within the project’s vehicle. These parties, and the principal risks which typically
could be allocated to them, can be summarised as follows:

Table 7-1: Pre-Completion risks

Risk

Third Party

Comments

Technology
underperformance (at
commissioning stage)

Construction
Contractor/Equipment
Supplier

Contractual performance guarantees, damages, penalties
and eventually rejection rights (subject to caps)

Construction Delay

Construction Contractor

Milestone payments and eventually contractual delay
damages (subject to caps)

Various, delay, accidents,
etc.

Insurance

Certain delay risks can be insured

Construction Cost
Overrun

Construction Contractor

Risk retained by construction contractors via date certain,
fixed-price, turnkey contracts (subject to caps). Sponsors
might be required to provide additional completion cost
guarantees, particularly where less well-known construction
contractors

Various

Project

Budget contingencies

Force Majeure Events

Insurance

Generally insurable through market or government backed
insurance policies

Table 7-2: Post-Completion risks
Risk

Operational Performance

Volume and Price Off
take

Third Party

Comments

O&M Contractor

Minimum performance levels typically guaranteed by O&M
contractor (subject to caps)

Insurance

The insurance markets may cover the risk of certain
operational or commercial events

PPA Off taker

Typically a long-term contract with a fixed or “floor” price and
100% generation “must-take” provisions
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Interest and/or Exchange
Rate Risk

Financial Markets

Financial markets interest rate or currency exchange rate
hedging instruments

Fuel/ Feedstock Supply

Supplier

A supplier may be prepared to offer a long-term feedstock
supply contract. In certain circumstances, a supplier could
retain a portion of market risk by providing the feedstock at a
price linked on a fixed basis to the output’s price (eg. “tolling”
arrangement providing for the fuel cost + operating costs +
taxes + debt service + agreed return for the shareholders)

Force Majeure Events

Insurance

Generally insurable through market or government backed
insurance policies

Both lenders and sponsors will require several “conditions precedent” to be satisfactorily met prior to
advancing any or further funds to a project. Conditions precedent typically include:
All project contracts and agreements being executed and in full force and effect;
Satisfactory reports from the independent advisers (typically: technical, legal, insurance, tax,
accounting and financial);
All material permits, consents etc., being in place;
All insurances in place and in full force;
Execution of financing and security documentation as well as registration of security;
Any relevant hedging instruments have been put in place.
Balancing Out the Costs of “Insuring” Risks

The correct allocation of risk between third parties and the project company itself involves a detailed
analysis and assessment of the risk tolerances of third parties and the effective cost of transferring
the risk to such third parties.
Each party that agrees to accept a project risk charges in one form or another, for taking such risk.
While in certain cases the charge or cost may be direct – e.g. a fee for providing an interest rate
hedge - in most cases the cost is indirect and may be only an “opportunity” cost, such as the lack of
opportunity to benefit from higher future commodity prices by having signed a long-term, fixed-price
PPA.
A delicate balance must be struck between the over-hedging and the minimising of the risks
retained by the project and the costs of transferring such risks to third parties.
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Figure 7-2: Standard pre-approved technologies sample from TurSEFF

7.2 Credit Enhancement Mechanisms Commonly Used to Support RE Energy
The government may decide to provide direct support for RE project for example through subsidies,
grants, preferential domestic financing with equity investment and/or debt. Even where governments
prefer that financing is raised by the private sector, increasingly governments are recognizing that
there are some aspects or risks in RE projects that may be easier or more sensible for the
government to take care of.
Firstly, beginning with the most common tools which can be employed by the government to remove
risk and encourage the private sector to participate in funding projects. The government may
choose to provide contingent mechanisms, i.e. where the government is not providing funding, but is
instead taking on certain contingent liabilities, most of these are also frequently referred to as credit
enhancements and can include mechanisms such as:


Guarantees of debt, exchange rates, offtake purchaser obligations, tariff collection, the level
of tariffs permitted, the level of demand for services, termination compensation, etc.



Insurance and hedging of project risk, e.g. adverse weather insurance, currency exchange
rates hedging, interest rates or commodity pricing hedging.
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Contingent debt, such as take-out financing (where the project can only obtain short tenor
debt, the government promises to make debt available at a given interest rate at a certain
date in the future) or revenue support (where the government promises to lend money to the
project company to make up for revenue short-falls, enough to satisfy debt-service
obligations).

A credit enhancement is anything that improves the chances that financing will be repaid, basically
reducing lending risk. Credit enhancement is thus a financial risk reduction technique that reduces
lender or investor risk by providing a level of protection against losses in case of borrower default.
Credit enhancements can be used to meet different objectives in delivering an attractive clean
energy financial product. They can be used as negotiating leverage to convince lenders to relax
their underwriting criteria in order to lend to individuals or businesses with lower than typical credit
profiles and lend at higher debt to equity ratios. They can be offered to obtain lower interest rates
and longer terms for customers from the lender or investor. By mitigating credit risks identified
through traditional underwriting, credit enhancement can also expand the range of customers who
have access to capital markets. And in other circumstances they can be used to encourage
lender/investor participation in RE projects offering more novel financing products. Credit
enhancements have been used widely in the infrastructure sector to raise capital to scale and get
projects to capital markets. Now these conventional credit enhancement tools are beginning to be
used in the RE sector to reduce the financial risk in projects.
Depending on the specific target market, and overall policy environment and design, a range of
credit enhancement tools are available to help governments support RE project financing. financial
support schemes, referred to as general financial support instruments, comprises investment
subsidies, credit grants, reduced rates of interest, tax credits or exemptions, governmental R&D
expenditures, etc. Commonly used credit enhancements are summarized and explained below:



Loan loss reserves (LLRs) or Portfolio Guarantees - Loan loss reserves that typically make
available a pool of funds from which the lender/investor can recover a portion of their losses in
case of borrower default. Guarantee a part of the losses incurred by a portfolio of similar
projects in the event of a specified event occurring. A financial institution participating in the
program can draw on the LLR to cover losses on defaulted loans according to the terms of the
loan loss agreement between the lender and the government program sponsor.



Loan guarantees - Loan guarantees that enable the lender to recover potential losses in the
event of a borrower default. For SME’s we can look as examples the GAGF Project in Turkey
and KGF (Credit Guarantee Fund): The main objective of KGF is supporting the SMEs by
providing a guarantee for their financing and consequently increasing the credit usage in
general.



Debt service reserve funds (DSRFs) - Debt service reserve funds in which cash is placed in a
dedicated account that is available to pay interest and principal payments on a loan in the event
the borrower fails to make scheduled payments
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Subordinated capital – Government invests subordinated capital in a loan or pool of loans
alongside privately funded senior capital. Subordinated debt where the loan holds a lower
priority position compared to privately funded senior capital. In this structure the subordinated
capital absorbs first losses in the event of a default and acts as credit enhancement for the
senior capital. Structured appropriately, subordinated capital can earn sufficient interest to offset
losses on customer defaults, making it available for reinvestment in the future



Interest Rate Buy-Downs – Government funds are used to lower the interest rate that project
owners will have to pay to such a point that financing becomes an attractive option. In order to
lower the rate, the government buys it down by making an upfront payment to the participating
lender. This upfront payment is based on the difference between: the sum of all principal and
interest payments that a lender would be projected to receive at the market-based interest rate,
and the sum of payments that the lender would receive from the target (incentivized) interest
rate, adjusted for the time value of money. IRBs can be a way to gain more attention for the
financing program, reward early participants in a newly launched program, and build market
demand.



Concessional Loans - Concessional loans use public money to extend loans for politically
desired projects at more favourable conditions (maturity, interest, seniority) compared to
commercial loans available on the market. If a concessional loan program is used as a support
policy, the conditions for the loan provision can – similar to the case of grants – be coupled to
any parameters. A concessional loan programme with a standardised interest creates a bias
since lower rate will effectively mean a higher support for the high-risk- borrower than for the
low-risk borrower



Grants - Capital grants fund part of the investment costs of an RE project. They reduce the
costs of a project, the capital which the developer/owner needs to contribute, sufficiently to
make it affordable. They are meant to reduce a projects ultimate financial cost to increase its
competitiveness. Capital subsidies are simple to implement and understand, are transparent
and boost market confidence, the downside is that they provide no control over the project itself
and create little incentives on the project developer to deliver a viable project (unlike a loan,
where the project needs to generate sufficient revenues for repayment). The developer needs to
ensure the project itself is well designed to meet the objectives that the provision of the grant is
intended to further but the need for due diligence on the ability of the project to repay as well as
the need for ongoing administration of loans is unnecessary. Capital cost subsidies contain no
reference to system performance. Hence, installers have little incentive to optimise system
design and least-cost sub-optimal installations may result. There is also less incentive to
maintain systems over time. Choosing the right level of subsidy is also challenging. Subsides
that are too generous (either from the outset or due to a reduction in technology costs) can lead
to unsustainable industry booms, which in turn often leads to an unexpected removal of the
subsidy, followed by an industry crash. They can also serve to keep costs from falling to levels
they might otherwise reach.
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There are other tools such as rebates or resource insurance which also may be effective in
achieving some or all of the same benefits as credit enhancements but they are beyond the scope
of this analysis.
The table below summarizes the credit enhancement tools and their features which can be used to
support renewable energy investments:
Table 7-3: Credit enhancements mechanism
Likelihood of Depletion over
time

Strength of Protection to
Lenders

LLR

High – Defaults reduce LLR
size

Low. Lenders share in each
loss, coverage capped as
percentage of loan pool

SME loans. In partnership
with individual lenders

Loan Guarantee

N/A. Guarantees often do
not have maximum amount

High. Lenders shielded from
all exposure to losses

Large pools of loans.
Very flexible

DSRF

High - Defaults reduce
DSRF

Medium. Lenders protected
from cash flow uncertainty
and 100% of individual
losses, but coverage
capped

Large Loans where
repayment is time sensitive

Subordinated Capital

Low - Interest earned can
offset defaults

Medium. Lenders covered
from all individual losses but
coverage capped

Large pools of small loans
or large loans

Interest Rate Buy-downs

High - Limited to pool of
funding allocated

Medium – Repayment
capacity of borrower higher
due to lower payments

Targeted at specific sectors
such as SME and Agro

High – Limited to pool of
funding allocated

Medium – Depends on how
concessional loan specified
with respect to maturity,
interest rate, including
potential interest-free years
at the beginning plus the
seniority relative to other
loans.

High – Limited to pool of
funding allocated

Medium – Help reduce the
level of debt funding
required

Credit Enhancement Tool

Concessional Loans

Grants

Common Uses

Targeted at early phases of
project such as
development and
construction when risk is
high

7.3 RE Public-Private Partnership Funds
With a promise to correct market errors, yield reasonable returns, attract institutional investors and
thereby leverage public investments, PPP-funds offer a new and attractive way for public and
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private actors to coordinate efforts in RE finance. PPP-funds generally are organizations set-up by
public actors, with the intention of attracting private finance for RE investments. PPP-funds are
based on the idea of leveraging scarce public funds with private resources. Public actors like
government agencies invest an initial sum of money and attempt to attract private investment, which
thus together with the initial public funding finances the given cause to which the fund was created.
Of concern is that PPP-funds risk crowding out private finance with too high public finance for a
specific. Below we provide several examples of PPP-funds:

EXAMPLE: Clean Energy Finance Corporation – Australia
The Clean Energy Finance Corporation is an Independent, Australian Government institution that
operates like a traditional financier. It delivers private sector expertise with public purpose: finance
for energy efficiency, low emissions and renewable energy projects and programs across the
economy. With access to $2 billion a year for five years it strives to provide a commercial return on
investment – debt or equity. The focus is on projects that are smaller, more complex or new to the
Australian market. It operates as a co-financier to encourage participation from private sector
financiers
The types of RE financing options available through CEFC are provided below. In case of business
loans 25 year tenors are available. While Asset financing is provided for 3-5 year terms. Solar loans
are available for 10 year.

Figure 7-3: CEFC financing structures41

CEFC’s financing structures support increased private sector investment in clean energy through:


Project finance: for larger projects, or smaller projects with specific features that may require
individual financing solutions. Project finance Key features:
o

41

Special purpose investment vehicle

http://www.cleanenergyfinancecorp.com.au/media/185793/com-commercial-solar-simon-brooker-cefc-18-may-2016-.pdf
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o

Comprehensive contracting framework

o

Identified revenue stream (often from long-term contracts such as power purchase
agreements)

o

Comprehensive covenant and security package in favour of financiers

o

Debt financiers without recourse to sponsors to provide equity

o

Provide incremental financing

o

Longer-dated lending

o

Flexible repayment schedule

o

Provide a subordinated loan

o

Consider concessional finance

o

Assess and assume specific financing risks

Corporate loans: for corporates with one or more eligible project, of varying sizes. Corporate
loans are most appropriate where a company has a portfolio of smaller projects which can be
financed on a consolidated basis
o

Provide additional financing sources

o

Longer-dated lending

o

Optimise a borrower's repayment profile

o

Consider concessional finance

o

Assess and assume specific financing risks

Aggregation funding: working with co-financiers to bring CEFC finance to a large number of
individual projects, including with small businesses
o

Choice of additional types and sources of finance

o

Longer-dated lending

o

Below market interest rates to encourage early investment

o

Simple finance repayment structures

o

Access to third-party finance relationships and distribution channels or networks

o

Expert advice regarding the technology

o

Assist with developing the business case
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EXAMPLE: SIE Morocco
To support the national plan for renewable energy development, an energy investment company for
developing renewable energy (SIE) was created specifically for this purpose with a 1 billion dirhams
capital. This strategy benefits from the resources mobilized under the frame of the Energy
Development Fund with an amount equivalent to $ 1 billion donation from the Kingdom of Saudi
Arabia (U.S. $ 500 million), UAE (U.S. $300 million) and the contribution of the Hassan II Fund for
Economic and Social Development (200 million U.S.).42
STRATEGIC INVESTOR POSITIONING
SIE acts as private state investor and trusted third party in the field of energy in general, especially
in the renewable energy and energy efficiency.
PROJECT CO-DEVELOPER
As part of its mission, SIE is a facilitator, and develops its own portfolio of projects across the
targeted energy sectors, with the support of partner investors, developers and private industry.
FINANCIAL LEVERAGE
SIE acts as leverage by developing financial engineering necessary to optimize the use of its capital
through the creation of financial vehicles adapted to the needs of priority energy needs in Morocco,
and open to equity participation of national and international, institutional and private partners.

EXAMPLE: UK - Green Investment Bank
UK Green Investment Bank plc (GIB) was launched in November 2012. With initial funding from the
UK Government, it is the first bank of its kind in the world. It is a “for profit” bank, whose mission is
to accelerate the UK’s transition to a greener economy, and to create an enduring institution,
operating independently of Government. GIB has backed 99 green infrastructure projects,
committing £3.4bn to the UK’s green economy into transactions worth £12bn by offering a range of
investment options in the areas where finance needs are greatest – long-term construction financing
and unlevered equity – and by partnering with other investors and fund managers to establish a
number of funding platforms to invest in onshore renewable energy projects around the UK.
GIB is wholly owned by HM Government. GIB had recently raised GBP 463 million, or nearly half its
eventual target, for a platform that will take equity stakes of 10-30% in offshore wind projects and
hold them for up to 25 years. The institutions subscribing to the platform included several unnamed
pension funds and a sovereign wealth manager. In a separate move, in December, Swiss Life said it
would contribute EUR 300 million to a platform with French bank Natixis, set up to invest in the debt
of an unnamed offshore wind project.
The table below summarizes regulatory, fiscal and credit enhancements which are utilized by a
sample of countries.

42

https://www.siem.ma/en/the-sie
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Table 7-4: Incentive mechanism summary of selected countries (this is for licensed, over 1 MW)

Spain
Italy

X

Brazil

X

South
Africa

X

X

UK

X

X

Turkey

X

X

X

Concessional Credit Facility

Credit

X

X

X

X

X

X

X

X

Public Investment, Loans, or
Grants

X

Energy Production payment

X46

X

Reduction in VAT, sales,
energy , co2 and other taxes

X

X

Investment or Production Tax
Credits

Germany

Capital Subsidy or Rebate

X

Auctions

RPS

X

Fiscal
Incentives,
Public
Finance
Enhancements, or IFI/DFI Facilities

RECs

Feed in Tariff / Feed in
Premium Payment

X

Renewable Energy Targets

Australia45

Net Metering

Regulatory Policies44

Country43

X

X

X

X

X

X

X

X47

X
X

X

7.4 Stock Market Funding
In this section, some financing models are analysed for renewable energy which could be used to
attract private capital by tapping into the stock market.
Turkey has a well-developed stock exchange with over $190 Billion market capitalization and over
400 publically traded companies. Borsa Istanbul provides a fair, transparent, and efficient
environment for the trading of a wide variety of securities including equities, exchange traded funds,
government bonds, Sukuk, corporate bonds, derivatives and selected commodities.

43

The table focuses mainly on national policies and may not include Local Renewable Energy policies or support mechanisms
http://www.res-legal.eu, http://resourceirena.irena.org, and https://www.iea.org/policiesandmeasures/renewableenergy/
45
Carbon Tax Repealed in 2014
46
Revised 2017 – Only available for small projects
47
UK has Renewables Obligation (quota system) and Contracts for Difference
44
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Just like SME’s, small scale RE projects are too small to raise equity money on the stock market
directly. Of the money that is invested in small scale RE projects, most is placed as debt (bank
loans), which is deemed a safer investment than equity and much less costly to deliver. Of the total
funding for RE, on-balance-sheet corporate debt financing made up approximately USD 94 billion,
representing about 47% of total asset finance in renewable electricity and biofuels in 2015.48 The
table below summaries the financing options which are available across the spectrum on
infrastructure projects. But as mentioned, the available options for financing smaller projects are
limited due to high transactions costs relative to project cost. Some of the more typical project size
hurdles for equity investments are $10MM and $50MM.

Figure 7-4: Financing options and sources for RE projects49

Several investment vehicles which can tap into public equity in order to raise capital to own
renewable energy assets are discussed below. Again these vehicles are currently used to invest in
larger utility scale projects.

7.4.1 YIELDCO’S, REIT’S, and MLP’S
A YieldCo, Real Estate Investment Trust (REIT), or Master Limited Partnership (MLP) is a company
that is formed to own operating assets that produce a predictable cash flow, primarily through long
term contracts. They give investors (the public, if listed on a stock exchange) a chance to participate
in renewable energy (for YieldCos) without many of the risks associated with it. They offer stable
sources of cash flow to investors and are expected to pay a major portion of their earnings in
dividends. What makes them unique and distinct from mutual funds or closed end investment funds
is in how they are taxed. While the mode of operation is similar to that of a listed investment fund
where investors combine their capital to buy a share of an operating asset and then earn income
48
49

BNEF
Institutional Investment in Infrastructure in Emerging Markets and Developing Economies – March 2014
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from their shares, YieldCos, REITs’, and MLP taxable income is paid out as dividends to their
shareholders, who then pay income tax on the dividends. Yieldcos in the U.S. are taxed at the
corporate level but they strive to eliminate or minimize corporate level taxation for renewable-energy
projects through the application of depreciation, deductible expenses, accelerated depreciation, and
the investment and production tax credits for renewable energy, and are frequently referred to as
“synthetic MLPs.
REITs are allowed to own many types of commercial real estate, ranging from office and apartment
buildings to warehouses, hospitals, shopping centres, hotels and timberlands. REITs exist in Turkey
and are traded on the stock exchange but are similarly constrained to real estate. It is unlikely that
legislative changes would be made in Turkey to allow REITs to invest in RE. We will therefore not
expand on the mechanics of these instruments in this paper.
An MLP is a limited partnership that is publicly traded, also known as a publicly traded partnership in
the U.S. It combines the tax benefits of a limited partnership with the liquidity of publicly traded
securities. To obtain the tax benefits of a pass through, MLPs must generate at least 90% or more
of their income from qualifying sources such as from production, processing, storage, and
transportation of depletable natural resources and minerals. In addition, real property rents also
qualify.
Currently only YieldCos are explicitly allowed to own renewable energy assets. There are efforts in
the U.S., which have not been successful thus for, to amend the tax and securities laws and allow
the REIT or MLP vehicle to also own renewable energy assets.
Quoted funds are not a novelty in private equity or venture capital, but are relatively new to the
renewable energy sector. In the United States and UK, YieldCos have emerged as a new form of
public equity market finance for renewable electricity and represent a surging trend and a valuable
innovation to access relatively low-cost capital for the right players. Yieldcos have been a huge
growth engine for the C&I/middle-market segment of the solar industry and have been aggressively
buying portfolios of solar assets and solar development companies. Without them, smaller
development companies would not be able to sell their assets and recapitalize their companies. This
recapitalization allows companies to continue to develop projects by redeploying this capital or by
finding cheaper sources of capital, given their newly reduced liabilities.
Since the beginning of 2013 – 2014, six YieldCos dedicated to renewable energy investments have
raised Ł1.3 billion through IPOs and secondary offerings on the London Stock Exchange. YieldCos
accounted for 23% of the total value of acquisitions of UK renewable energy assets since the
beginning of 2013 through 2014. As of early 2015, in the U.S. Yieldcos had been used successfully
to raise some $12 billion USD in renewable-energy project financing.
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EXAMPLE: Yieldco - Pattern Energy Group USA
Wind energy Yieldco Pattern Energy Group went public last year on the Nasdaq and the Toronto
Stock Exchange, raising over $300 million by selling interests in more than 1,000 megawatts of
capacity at eight wind farms operating in the U.S., Canada and Chile.
Pattern closed its latest public offering last month, reeling in gross proceeds of $586 million. The
company intends to use the proceeds to acquire new projects. Its current portfolio includes 11 wind
farms totalling 1,479 megawatts of owned interest.

EXAMPLE: Sunrun USA
Sunrun is the largest dedicated residential solar company in the United States. It was founded in
2007 establishing the solar as a service business model in which it offers customers either a lease
or a Power Purchase Agreement (PPA) business model whereby homeowners pay for electricity
usage but do not buy solar panels outright, reducing the initial capital outlay required by the
homeowner. Sunrun continues to lead the industry in providing clean energy to homeowners with
little to no upfront cost and at a savings to traditional electricity. The company designs, installs,
finances, insures, monitors and maintains the solar panels on a homeowner's roof, while families
receive predictable pricing for 20 years or more. In 2015 Sunrun went public with an initial market
capitalization of $1.36 billion. As of December 31, 2016, Sunrun has 879 MW of deployed systems
with around 134,000 customers. It finances its growth with capital raised through a combination of
corporate debt and equity, tax equity, and senior project debt. As of March 6, 2017, the cumulative
value of solar systems funded by tax equity reached $5.2 billion.

EXAMPLE: Nexamp USA
Nexamp is a privately-held, venture capital backed smart grid energy Management Company.
Founded in 2007, it is one of the leaders in the U.S. paving the transformation to the new energy
economy with proven solutions for solar energy development, ownership, and operation. Nexamp
has raised corporate equity from Mitsubishi’s Diamond Generating Corporation and PJC. The
Company is a national leader in C&I and Community solar – see figure below showing how their
solarize My Bill™ Community Solar program where the dollar value of the electricity generated by
Nexamp’s solar project is credited to participating energy consumers to offset their electricity costs.
Nexamp develops, designs, builds, owns, finances, and operates commercial-scale solar systems. It
delivers compelling and reliable investment opportunities for debt and equity providers. Nexamp’s
solar facilities are designed to optimize ROI for tax equity and sponsor equity providers. Nexamp
has been proactive in developing community-backed solar projects and last year completed a 2.3
MW ground mount array in Massachusetts with the financial assistance of more than 100 local
residents, each who own a stake in the farm.
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Figure 7-5: Nexamp financing of community solar50

7.4.2 Covered Bonds
A fixed-income product which could be adapted to support RE are covered bonds. Covered bonds,
historically used in Europe, are securities that are backed by a pool of loans. Unlike mortgagebacked securities issued in the U.S., covered bonds stay on the credit issuer’s balance sheet,
ensuring that there is still skin in the game. And because the issuer maintains ownership, the loans
within the cover pool can be switched out, depending on their performance.
The bonds are attractive because of the double recourse they offer to both the issuer and the pool
of loans itself (usually an SPV). In addition, the diversification of the pool can help mitigate the
impact of project default. Banks in Europe, as well as in emerging markets, have moved toward the
bonds because the retained ownership removes compliance issues with Basel III. Covered bonds
could be attractive to energy infrastructure developers. The securities are typically highly rated
because of the underlying creditworthiness of the issuer, which could lower the cost of capital for the
projects, especially those too small to attract bond interest. With some similarities to the AfDB risksharing model, covered bonds could offer investors a new way to invest in infrastructure in Africa.51

7.4.3 Private Equity
Private equity funds have typically been pioneers first to expand internationally, by acquiring project
developers with large development pipelines. Notable examples include Denham Capital, which has
invested in a number of renewable energy project developers with development pipelines across
Europe, Africa, the Americas, and Asia. Notable acquisitions include solar developer Fotowatio
Ventures, Australian wind farm developer OneWind Australia, and South African renewable
developer Biotherm.
Most major private equity firms and financial institutions investing in Turkey include some
infrastructure funds in their portfolios. Creating RE-focused funds within established firms could
50
51

https://www.nexamp.com/what-we-do/community-solar
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bring much-needed regional and sector expertise while piggybacking on the credibility and track
record that comes from the parent company. RE-focused funds could also provide longer-term
capital, helping to facilitate an exit for the initial project sponsors and investors. In providing an
alternative platform for liquidity, the funds could function as a synthetic capital market. The certainty
around exits could in turn help to reduce the risk-adjusted returns expected by the original
developers or early state equity investors. At the same time, the funds could leverage the expertise
and track record of the parent firm to improve deal implementation, standardization, speeding time
to financial close and overcoming procedural barriers.52

7.5 Best Practices for Developing Incentive Mechanisms
A review and analysis of country case studies suggests that the choice and best applicability of
policy instruments is linked to particular structural characteristics of national energy markets. This
includes the degree of state regulation in the energy market, the subsidies to fossil fuels, the sway
and business models of utilities, the extent of installed capacity and expansion targets of renewable
energies, the share of installed capacity of highly fluctuating renewable energy sources such as
wind energy and PV, which require extended grid balancing mechanisms and market expansion
control, and the administrative capacities and cooperation for implementing specific renewable
energy promotion schemes. Integrated energy planning at the national level needs to bring together
all relevant stakeholders on the government side as well as partners from private sector, civil society
and development partners.
As well summarized in the IRENA policy report, the mix of policies and mechanisms made available
should first be considered from the level of renewable energy penetration targeted. Turkey falling
somewhere in the medium level.53
Policy makers should then articulate and consider the following when considering amending or
introducing support mechanisms:


What is the policy’s primary objective?



Minimise cost of support



Incentivise self-consumption



Improve market integration of renewables



Ensure security and reliability of power supply



Trigger technology innovation



Trigger and facilitate financial mechanisms and investment vehicles

In order to be effective, renewable energy policies need to be predictable, consistent and
stable in the long term, aligned to the prevailing energy market structure, adjusted to the
attributes of the key systemic energy markets dimensions and coordinated with other
implemented policies and stakeholders.
52
53
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According to findings in the 2014 IRENA report, which is even now more relevant, the sharp fall in
renewable energy equipment costs, while a positive trend, presents challenges for policy makers to
ensure that support measures are kept effective and efficient. A fine balance needs to be
maintained between implementing mechanisms that allow for cost tracking and maintaining a stable
environment for investments into the sector. In attaining that balance, countries have either
implemented design features into existing policies, such as digression rate in feed-in tariffs, or
introduced new policies altogether, such as auction schemes. Some lessons that can be learned
from current country experiences include the following:


Adaptation policies that integrate technology cost-tracking features (e.g. digression
schemes, auctions, etc.) provide transparency and predictability to market participants.



The design stage of policies benefit from active engagement with stakeholders within the
sector to clearly communicate the intended policy objectives and to better calibrate specific
policy elements, such as tariff revision frequency, digression rates, etc. Policies developed in
“silos” can lead to patchwork of sometimes contradictory policies. Incorporate investor
perspectives into policymaking and industry design.



Reduce information asymmetry between governments, developers, and investors on
projects and generation costs. When well designed and based on open data principles, data
can be critical to identify the appropriate level of public support and also contribute to more
predictability in the sector54.

In recent years many countries have started to implement a blend of different policies, allowing them
to profit from the benefits offered by a range of different policies. Such a mix of policies can be
described as Hybrid Instruments. Hybrid instruments are support mechanisms which combine
aspects from tariff and quantity-based instruments. If we look at the direction of incentives across
the Climatescope countries we see the trends towards tax incentives, RET and auctions. On the
decline are FITs as well as direct investment incentives.

54

Adapting Renewable Energy Policies To Dynamic Market Conditions IRENA 2014
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Figure 7-6: The evolving RE policy landscape of Climatescope countries, 2014-2016, % of countries
surveyed.55

Some suggestions based on global trends, some of which are already being implemented in Turkey,
which are worth considering for Auctions and FITs and which can address the needs of small
projects are:
For Auctions:


Frequent, predictable bid rounds reduce risks and costs



Simple process - Small investors fear complex and costly bid processes



Exemptions for smaller projects or simplified bidding processes are needed to preserve a
diverse investor base

For FIT:


Available to Small Commercial/Industrial Prosumers



20 Year FIT but with rate subject to change every year based on funding rates



Net Metering for Residential PV

7.5.1 Practices to Facilitate Financing
Policymakers and investors must continue to improve their understanding of how and to what
degree policy is and can influence the potential investment pool, and how policy can drive a robust
and low-cost mix of investors and investment to underpin the continued development of a costeffective low-carbon energy system. Up to now, sufficient tracking, monitoring, and reporting of RE
investments in Turkey, especially smaller projects, has not taken place. This information asymmetry
is high making it problematic for policy makers to appropriately adjust mechanisms to be more
55

Climatescope 2016 http://global-climatescope.org/en/summary/
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effective and efficient. More importantly, new potential investors continue to wait on the side-lines as
the risk perception, due to the limited transparency, remains high.
It’s understood that to scale, there is a need for debt capital and lots of it (to a lesser degree equity
capital). IFI facilities alone have been a useful catalyst but in the long term cannot be the primary
source of funding for RE investment in Turkey. A mix of investors is needed to meet Turkey’s
objectives at lowest cost. The sector needs an entire ecosystem of investors and investment
vehicles to fulfil its potential - from well-targeted concessional finance to commercially-oriented
capital from impact and institutional investors. More structured finance products and asset-backed
debt vehicles need to be created to reduce transaction costs for investors assessing structured
deals in the sector and address more potential long term investors such as pension funds which
could meet the different tenor expectations. Again all of this will need to be enabled in an
environment where risk can be better assessed.
Sufficient capital is available to meet Turkey’s renewable energy targets but the information
asymmetry needs to be reduced thereby increasing transparency in order to improve investor
confidence and financing costs. The way RE projects are brought to market should be standardized,
increasing confidence in predicted returns and scaling up investments. Data driven, flexible and
responsive incentive mechanisms allow public and private partners to redirect resources to prioritize
emerging challenges, take advantage of opportunities within a meaningful time frame, and tailor
support to investors and proponents’ needs – all at a reasonable and fair cost to the public.

7.5.2 The Energy Union Project
In November 2016, as part of its "Energy Union" project, the European Commission issued a
package of legislative proposals, including amendments to the Renewable Energy Directive, which,
if adopted, will have a significant impact on future RE projects, particularly post 2020. The proposals
touch in one way or another on all the "hot topics" of the RE sector and include:


The EU-level RE target of 27 percent of energy from RE across the EU by 2030 will not be
supported by legally binding targets for individual member states.



Each member state is to produce an integrated national energy and climate plan covering a
period of 10 years, two years ahead. Amongst other things, these plans must take into
account the need to contribute towards EU-level targets.



Member states, whose share of RES falls below their 2020 baseline, must cover the gap by
contributing to an EU-level fund for renewable projects.



If it becomes clear by 2023 that the 2030 EU-level RES target is not going to be met,
member states must cover the gap.



Member states must consult on and publish a long-term schedule in relation to the expected
allocation for RES support looking at least three years ahead.



In keeping with the Guidelines, technology-neutral competitive auctions are to be the norm
for RE support, with traditional feed-in tariffs limited to small projects.
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Quotas will be set for the proportion of capacity tendered in RE subsidy auctions that each
member state must open up to projects from other member states.



Retrospective reductions in support for RES are prohibited, unless they are required as a
result of a state aid investigation by the European Commission.



Public support for new installations with a capacity of 20 MW or more converting biomass
into electricity is prohibited unless they apply high efficiency CHP.



Member states must "remove administrative barriers to corporate long-term power purchase
agreements to finance renewables and facilitate their uptake."



The process of applying for permits to build and operate new RES projects, and for
repowering existing projects, is to be streamlined.



The existing rules on priority dispatch for RES generators are to be abolished, with some
"grandfathering" of priority dispatch for existing RES generators.



Market rules must avoid restrictions on cross-border trading and promote the participation of
smaller players (including individuals and communities that both generate and consume
RES power) and new technologies such as energy storage.



Long-term transmission rights or equivalent measures are to be put in place to enable, for
example, RES generators to hedge price risks across bidding zone borders.



Consideration is to be given to standardizing transmission and distribution tariff
methodologies, including with regard to locational signals (i.e. should generators pay if they
are located a long way from where the power they generate is used?)



RES is to be "mainstreamed" in heating and cooling and in the transport sector.



The sustainability criteria applicable to biomass are to be tightened.



National capacity mechanisms, which distort the power market and tend naturally to favour
non- RES generators, are to be curbed and standardized in various ways.
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8 Conclusion and Recommendations
There is no one-size-fits-all solution when considering incentive mechanisms for small renewable
energy. Each country is unique with its own set of characteristics that influence how public policies
and incentive mechanisms are crafted and implemented and what ultimately works, during which
time frame, and why. But there are some general trends, principles and approaches which may
improve the efficacy of market interventions.

8.1 Pragmatic Compensation for Prosumers
On the net billing system that presently exists, the simplest method may be to create an optional
self-consumption RE tariff based on the following:
1. Establish a level of self-consumption based on the RE technology, installed capacity and a
percentage that may allocated to self-consumption. To start, a 50% self-consumption ratio
may be implemented (depending on how well this works, prosumers might be given another
options, e.g., 75%). For example, for a 20 kW solar PV installation, the capacity factor would
be about 15%. Monthly production would therefore be 2,160 kWh. The self-consumption
“block” would be 1,080 kWh.
2. The electric utility would then commit to buy only the other potential 50% of production, on a
net billing basis and would cap monthly purchases at this level (in this case, 1,080 kWh), but
at a rate significantly higher than the regular feed-in tariff rate to compensate the prosumer
for his self-consumption.
3. Adopting a “revenue neutral” approach, if the feed-in tariff should be USD 0.25 per kWh56
and the retail tariff is USD 0.10 per kWh, the prosumer in this example would lose USD 0.15
per kWh by foregoing the regular RE tariff for self-consumption, or USD 160 per month. This
amount spread over the “RE sales” block of 1,080 kWh also happens to be USD 0.15 per
kWh. The sum of this rate and the regular RE rate is USD 0.40 per kWh, which would apply
rto all net billed energy, but capped at a level of 1,080 per month. All sales to the grid in
excess of this amount would be priced at zero.
The above tariff form may be taken a step further, with the prosumer declaring any level of selfconsumption, and then the RE “sales premium” could be automatically calculated within the billing
system based on the installed RE capacity, a designated load factor for the particular RE technology
used, the declared self-consumption level and the difference between the regular RE tariff and the
retail tariff. For small levels of self-consumption relative to the installed capacity, the premium would
be small. For high proportions of self-consumption, the premium would be high. In all cases, RE
purchases by the utility would be capped at the difference between a standard monthly production
level by that RE source and the declared level of self-consumption. Examples showing these
effects for various levels of self-consumption are provided on Table 8-1.

56

This tariff of USD 0.25 per kWh should be understood as the maximum according to the calculations in this report.
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Table 8-1: Examples of an Incentive premium for Different Levels of Self-Consumption

Designated
Production
Level (kWh)

Selfconsumption
(%)

Selfconsumption
(kWh)

Maximum
Sales to Grid
(kWh)

Maximum
selfconsumption
premium
(USD)

FiT Premium
(USD/kWh)

2,160

20%

432

1,728

64.8

0.0375

2,160

40%

864

1,296

129.6

0.1000

2,160

60%

1296

864

194.4

0.2250

2,160

80%

1728

432

259.2

0.6000

The exact level of compensation should be determined by the capacity installed, as it has been
demonstrated in this report, different system size result in different LCOEs.
For the proposed segments:


Up to 15 kW, a reference tariff between USD 0.17 to USD 0.25



Up to 50 kW, a reference tariff between USD 0.12 to USD 0.17



Up to 5 MW, a reference tariff between USD 0.10 to USD 0.12

The advantages of such a system are several:
1. The revenue neutral principle means that as electricity tariffs approach higher levels the
incentive for self-consumption would automatically increase and the cost for the
administration decrease.
2. This system would not provoke perverse incentives either by over sizing the systems, nor by
ignoring energy efficiency measures that would result in less energy consumed.
3. There is no need to set up arbitrary limits of each project in relationship to the selfconsumption.
The support mechanism should last the estimated 7 years until reaching pay back. After year 8th the
excess electricity should be sold to the grid at retail tariffs.
Most important, self-consumption would not be penalized, as with the existing system, but
promoted.
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8.2 Suggestions for Further Development of Small Scale Renewable Energy
Finance
There are many financial mechanisms that could foster the financing of small scale renewable
energy finance. Some of the suggested initiatives could be:
 Due to BRSA regulations, it is not possible to provide longer than 48 months maturity for
consumer loans except for housing or car loans. Since renewable energy investments need
longer term financing, there is a need of defining a loan type for retail renewable energy finance
due to the regulation. Including residential renewable investments into housing loans category
by a regulation can be a driving force to extend residential scale renewable energy finance. This
would extend self-consumption purpose RE investments, especially for single houses/buildings.
The BRSA will be the key institution to contact for changing the regulation.
 Setting up one-stop-shop for investors to be informed about the bureaucratic procedures, legal
obligations, permits and financing and EPC options will have a significant impact on extension of
self-consumption renewable energy investments. Complicated and bureaucratic procedures are
other barriers, especially for potential investors who wish to self-consume.
 For roof-top installations, the cost for permits/approvals may be as much as the investment cost.
Even if the permit procedures remain the same, the cost of permitting and approvals should be
reduced.
 The static endurance of the roof permit that is taken from the municipality may be eliminated. In
the regulation, it can be said that if the load of solar panels is less than 20 kg/m2, this permission
is not required.
 VAT cost is significantly high for RE investments at 18%. Although obtaining an investment
incentive certificate might provide exemption of VAT, this is not easy to obtain, especially for PV
panels. While enterprises might deduct the VAT through their operations, retail consumers do
not have any options to reduce VAT. In addition, there is a surveillance tax for imported panels
that further increases the cost. Ministry of Economy and Ministry of Finance are the key
institutions for taking action against this barrier.
 A significant share of the population lives in rented houses/apartments57 in Turkey, Particularly
for residential buildings, lending contracts’ maturities are usually limited to 1 year. So neither
lessee nor lenders would want to invest in self-consumption projects, as they are not financially
viable.


57

The existing situation does not encourage the rental of roof-tops to third-parties. “Building
management” or housing associations do not have legal status in Turkey and they are not
allowed to obtain loans from financial institutions. Providing finance to individual flat owners is
difficult in terms of management and coordination. Giving long term roof term rental rights to
building management associations and making regulations that allow the rental of the roof-top to
third-parties would definitely encourage the extension of roof type PV investments in Turkey,

According to Turkstat statistics 32.7% of total population live in rented houses/apartments
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where there is a huge potential. Currently, required payback periods for self-consumption solar
PV are too long to finance and invest. The introduction of direct and/or indirect incentives will
help to decrease payback period of investments. In addition to direct grants by the governments,
indirect grants such as the reduction of property tax and/or environment and cleaning tax for
buildings using renewable energy, would also help. Electric distribution companies might also
be encouraged to make financial contributions to investments in RE for self-consumption
purposes.
 The current FIT is valid for the plants that become operative up to 2020. For potential investors
to undertake proper long term financial planning, this support mechanism should be clear for
investments completed after 2020.

8.2.1 Sustainable Energy Funds
Recently, establishment of “National Energy Fund” has been discussed among Turkish
stakeholders. There are some national energy funds designed and launched by countries
successfully, but most focus on Energy Efficiency. Some examples are given below:
Examples of Sustainable Energy Funds:


The Energy Efficiency Fund in Colombia (to be launched in the beginning of 2015) currently
designed to support industry and using financial support from the Inter-American
Development Bank, Clean Technology Fund and Multilateral Investment Fund.



European Energy Efficiency Fund58, established in Luxembourg as a
d’investissement à capital variable” (Investment Enterprise with Variable Capital).



Green for Growth Fund59, established in Luxembourg as a “société d’investissement à
capital variable” (Investment Enterprise with Variable Capital).

“société

Examples of facilities structured with new legislation:


Romanian Energy Efficiency Fund60 - establish on the basis of a bilateral agreement
between the Romanian Government and the IBRD. The agreement was ratified and
transposed in new legislation, establishing the fund. It is quite successful now, although it
had a rough start, because of government bureaucracy.



Bulgarian Energy Efficiency and Renewable Sources Fund61 - established through the
Energy Efficiency Act adopted by the Bulgarian Parliament in 2004. The fund operates as a
public-private partnership. It pursues an agenda fully supported by the Government of
Bulgaria, but it is structured as an independent legal entity, separate from any governmental,
municipal and private agency or institution.

58

http://eeef.eu/organizational-setup.html
http://www.ggf.lu/about-the-fund/capital-structure
60
http://www.free.org.ro/index.php?option=com_content&task=view&id=98&Itemid=114&lang=en
61
http://www.bgeef.com/display.aspx?page=about
59
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The primary aim of the sustainable energy fund should be, increasing access to finance for
renewable energy and energy efficiency projects. Increase of access to finance has several
components such as


Easers application process



Bringing incentives



Regulatory framework (both in the policy and in the financing side)



Coordination among stakeholders



Accreditation of EPC;



Development of performance guarantee and insurance systems

Therefore, related stakeholders below involvement in the fund management/coordination is crucial:


Ministry of Energy and Natural Resources



Ministry of Economy



Ministry of Finance



Ministry of Science, Industry and Technology



Ministry of Environment and Urbanisation



Banking Regulation and Supervision Agency



Capital Markets Board of Turkey



KOSGEB



The Banks Association of Turkey



Credit Guarantee Fund



Credit Registry Bureau and Risk Management Center of The Banks Association of
Turkey



International Finance Institutions



EPC companies



Insurance companies
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If the fund could succeed to combine all existing incentives at central levels; it will support to reduce
the final borrowing cost. In addition, many international researches demonstrate that access to
finance is more important than the financing cost especially for small and micro scale investors.
A Sustainable Energy Fund would provide following benefits in the market:
 The fund will facilitate both utility scale and small scale RE investments as the financing will be
available for both segment.
 Suppliers and the EPC companies’ motivation would be crucial in further expansion of the
investments. The fund might encourage them by certifying and ensuring collection from clients
and other risk mitigation measures
 The fund might allocate annual growth target to authorized EPC pre-approved companies and
equipment suppliers to streamline project finance. That would be one of the most efficient ways
to achieve long term renewable energy investments.
 The transaction costs associated with financing RE projects are too high to justify private sector
investment in single small projects; so the national energy fund might be a good instrument for
pension funds that would enable easier access to longer term financing would be easier for the
financial sector;
 The fund could provide incentives grants especially on self-consumption renewable energy
investments, so the projects become financially viable;
 In case of provision of guarantees through the fund, financial institutions would lend with less
collateral requirement.

Figure 8-1: Sample model for an expansion of self-consumption renewable energy investments
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8.2.2 Promotion of Sustainable Energy Banking
To provide finance to sustainable energy investments, financial institutions’ commitment is crucial.
Differentiation of segment/sector as a separate business unit has strategic importance on the
segment/sector development. As an example, the Turkish banking sector started to differentiate
SME banking in early 2000s and agricultural banking during 2010s. That enabled commercial banks
to develop differentiated lending technology according to sector needs; assign dedicated staff as
well as to increase marketing facilities in the areas.
As the sustainable energy sector has significant importance on the country’s economy, one of the
aims of the sector should be to enhance commercial banks to establish a separate “sustainable
energy banking division”. That will enable commercial banks to:


Create a new profit area for commercial banks as well as other finance institutions;



Create accurate data on investment size and lending potential



Achieve specialized and speed lending process;



Extend marketing facilities in RE market;



Increase the choices and competition in the market;



Increase awareness among investors;



Use differentiated credit assessment process;



Use of more flexible collaterals;



Increase access to IFI RE financing options;



Support economic development;



Support employment increase through development of energy sector;



Create demand based supply in the market

Development of energy banking divisions should have the following components:
 Regulatory Framework


Reduction of provisioning of RE loans for commercial banks and financial institutions; The
optimum level should be decided together with BRSA representatives taking other
commitments of commercial banks.



Introduction of incentives such as interest rate incentives, lower VAT, exemption of banking
insurance and transaction tax, accelerated depreciation etc.



Development of performance guarantee insurance models for small scale solar PV



Development of a regulation enabling finance institutions to consider EPC contracts,
performance guarantee insurance, and cash flow generation as valuable collateral



Reduction of weight for RE loans during capital adequacy ratios of banks
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 Capacity Increase at Institutional Level


Increase awareness at all business segments



Technical trainings and consultancy



Specialised products



Risk based pricing



MIS and system infrastructure development

Financial institutions may consider generated income through the project that benefit from FiT,
however that is not possible for self-consumption purpose projects. Therefore, the investors need to
submit higher collateral to access finance. Due to BRSA regulations, it is not possible to provide
longer than 48 months’ maturity for consumer loans except for housing or car loans. Since
renewable energy investments need longer term financing, there is a need of defining a loan type
for retail renewable energy finance by the regulation. Including residential renewable investments
into housing loans category by a regulation can be a driving force to extend residential scale
renewable energy finance. That will extend self-consumption purpose RE investments especially for
single houses/buildings.
VAT cost is significantly high for RE investments with 18%. Although obtaining investment incentive
certificate might provide exemption of VAT; it is not easy to obtain especially for PV panels. In
addition to all there is an additional surveillance tax for imported panels that increases the further
financing need. A significant share of population lives in rented houses/apartments62 in Turkey.
Especially for residential buildings, lend contracts’ maturity is usually limited with 1 year. So neither
lessee, nor lenders prefer self-consumption renewable energy investments as they are not
financially viable.
The existing law does not encourage the rent of the roof-top to third-parties. “Building
managements” do not have legal status in Turkey and they are not allow to obtain loan from
financial institutions. Providing finance to individual flat owners is difficult in terms of management
and coordination. Giving long term roof term rental rights to building management associations and
making regulations that allows the rent of the roof-top to third-parties will be a driving force in
especially extension of roof type PV investments in Turkey where there is a huge potential. Since
the RE market is still new; EPC companies target larger scale of investments to get higher profit.
Especially residential sector renewable energy investments require mass marketing facilities.
A government sponsored investment instrument to attract private capital like the Australian Clean
Energy Corporation, a kind of national energy fund should be established to increase access to
finance for renewable energy and energy efficiency projects. The fund would inspire all actors
(suppliers; local and international finance institutions; investors; EPC companies etc) in the market.
The fund would facilitate both utility scale and small scale RE investments as the financing will be
available for both segment. The fund might coordinate investors to provide long term fund to the
62

According to Turkstat statistics 32.7% of total population live in rented houses/apartments
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financial sector. The main goal to such fund would be to blend public sector and private sector
financing to leverage public sector support with private sector equity and debt.

8.3 Regulatory Recommendations
Complicated and bureaucratic procedures are other barriers, especially potential investors who wish
to self-consume. Setting up a one-stop-shop for investors to be informed about the bureaucratic
procedures, legal obligations, permits and financing and EPC options will have a significant impact
on extension of self-consumption renewable energy investments. For a roof-top installation, the cost
for permits/approvals may be just as much as the investment cost. Even if the permit procedures
remain the same, the costs of permits and approvals may be incentivized. The static endurance of
the roof permit that is taken from the municipality may be eliminated. In the regulation, it can be said
that if the load of solar panels is less than 20 kg/m2, this permission is not required.
The FIT mechanism is utilized worldwide. This mechanism requires one extra power meter to
measure outflow of electricity from self-consumers or electricity manufacturers to the electric
distribution grid. Taking more serious steps to prevent selling to the grid may harm RE development
in Turkey, since the investors prefer getting more benefits from FİT rather than self-consumption.
Both mechanisms should be used together to foster self-consumption. However, as net metering
requires only one power meter, the consumers shall aim to pay back their costs with the FIT. The
prosumers may be encouraged with the retail price more than electricity generated for selfconsumption. The difference between retail price and generation cost causes a premium feed in
tariff for the prosumers. The prosumers may be rewarded with market price for the electricity to be
supplied to the power grid. In the mid and long term, after widening the utilization of the electricity
self-consumption, the market price system may be shifted to retail price to reduce the premium tariff
on behalf of the prosumers to sustain a more competitive RE market. The FiT schemes should
require 15-20 year contracts. The net metering system needs only one power meter and should
require no additional procedures or pre-application to TEDAŞ or other distribution companies.

8.4 Further Research
Further research to better understand market segmentation in Turkey is key to be able to
recommend precise regulations for different market segments, especially for self-consumption,
where the market is still very small.
Sector Research
1) “High altitude” estimate on number of businesses or buildings in each sector (would not be used
to estimate market size but just as a reality check - would be nice to compare against penetration
rates in other developed markets - % of SME's which have installed PV)
2) Research the average annual consumption kWh/year per client in each sector
3) Research and validate barriers and obstacles for each sector (e.g., borrowing capacity in each
sector based on bank internal data; there are significant barriers in the Residential sector which will
not go away with FIT or grants)
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4) Validate CAPEX for installed capacities of smaller projects
5) Validate EPC and installer capacities (number of installers and how many installations could
realistically be delivered per year - another reality check)

Bottom Up Estimate Explanation
Take Annual PV Capacity which needs to be added (straight line) to reach 2023 goals - 600 MW
Multiply how much added capacity will come from small scale projects - ex. 20-30% (local expert
estimate) 600 x 30% = 180,000 kW
This gives us annual goal for capacity to be added by small scale projects (<1MW)
This number will be smaller if we only consider self-consumption projects but will grow depending
on attractiveness of support mechanisms being proposed (ex. grants, VAT exemptions, etc.)
Take Average capacity to be added by each individual client in each sector and ballpark number of
projects (based on size of segments and barriers in each segment) needed to reach annual capacity
goal. The average capacity added per client may be derived by considering average annual
consumption - ex. 30% self-consumption. (Number of projects) x (Avg Capacity per project) =
180,000 kW
Thus we'll have the total number of projects which need to be added to meet annual goal.
We can then multiply number of projects in each sector by capacity/project and avg. CAPEX/project
to derive the annual financing needed based on 20/80 equity/debt ratio. $208 Million in my example
of methodology
The estimate (once all assumptions are validated and supported by some data) will give a clearer
idea about the number of projects which we can expect per year.
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9 Annex I: Assumptions
9.1 Assumptions for Solar PV LCOE Calculations
Table 9-1: Assumption criteria for LCOE calculations
Value

Unit

Project Lifetime

25

year

Yearly Module Degredation

0.7

%

Dollar Currency (2017)

3.64

$/₺

Panel Type

Polycrstalline

Performance Ratio

75

%

Insurance, Operation and Maintenance costs (rooftop
installations)

0.5

%

Insurance, Operation and Maintenance costs (ground
type installations)

2.5

%

Costs are derived from Lazard capital and O&M estimates, December 2016
Table 4-2: international LCOEs are the mid-point of Lazard LCOE estimates, December 2016.
Table 4-3: Utility-scale LCOE estimates are as per Table 2-3
Average LCOE for all small-scale solar PV technologies = USD 0.15 per kWh, based on Table
4-2
Average solar capacity factor = 15%,

9.2 Assumptions for Market Estimations
Total RE capacity added annually to 2023 is 600 MW, of which small-scale 30%, or 180 MW is
180 MW will produce an additional 237 GWh annually
Avoided cost is that of natural gas based production
Economic price (not the BOTAS price) = USD 300 per thousand m3 at an energy content 9.8
kWh per m3 and 55% efficiency for CCGTs, this translates into a cost per kWh of about USD
0.06.
Avoided power system losses = 10% (USD 0.007 per kWh).
Carbon cost = USD $36/ ton
Carbon content of CCGT emissions = 0.5 kg per kWh
Avoided carbon cost is therefore USD 0.018 per kWh
Net benefit of small scale RE is therefore USD 0.085 per kWh
Net cost is therefore USD 0.065 per kWh, or USD $15 million on a cumulative basis.
7 full-time construction jobs created per MW solar power installed plus 0.7 jobs per MW for O&M
(based on the cited sources). This results in 1,260 full-time construction jobs 2017-2023, plus
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126 O&M jobs created in each of those years on a cumulative basis, thus reaching 882 O&M
jobs by 2023.
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10 Annex II: Detailed LCEO Calculations
Following our review meeting in Ankara on August 22, we are making calculations based on a
reference city to calculate LCOE and PBT
The reference city has been chosen in an area in the metropolitan areas of Bursa. As indicated in
the Figure 10-5, the northern part of Turkey including Bursa, has moderate irradiation level, but
include the areas with the highest consumption and highest needs to add distributed generation to
improve grid stability. Thus, it should be the base for the calculation of a FIT level able to support
development of Solar PV in the whole country. Otherwise it would be impossible for potential
beneficiaries to make feasible investments and only large utility scale systems would be feasible.
Agricultural
Irrigation
3%

Lighting
2%
Industrial
42%

Residential
24%

Commercial
29%

Figure 10-1: Total consumption by customer type

Commercial Consumption
KOCAELİ
KONYA
MUĞLA
ADANA
BURSA
ANTALYA
İZMİR
İST, ASYA
ANKARA
İST, AVRUPA

1,356,497.37
1,436,013.92
1,487,917.53
1,521,749.49
2,015,941.74
3,541,572.67
3,716,871.25
4,918,614.84
5,156,008.14

10,872,337.81

Figure 10-2: Top 10 metropolitan areas commercial consumption (MWh/year)
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Industrial Consumption
KAHRAMANMARAŞ

2,855,639.37

ANKARA

2,967,998.57

OSMANİYE

3,030,571.04

İST. ASYA

3,063,932.25

GAZİANTEP
TEKİRDAĞ
BURSA

4,461,694.17
4,693,001.76
5,868,638.27

KOCAELİ

6,346,153.20

İST. AVRUPA

6,705,904.19

İZMİR

7,891,361.56

Figure 10-3: Top 10 metropolitan areas in terms of Industrial consumption (MWh/year)

Total Consumption
TEKİRDAĞ
ADANA
GAZİANTEP
ANTALYA
KOCAELİ
BURSA
ANKARA
İST. ASYA
İZMİR
İST. AVRUPA

6,147,310.50
6,189,840.58
6,781,283.57
7,234,102.58
8,960,678.38
9,861,302.44
12,278,945.46
12,287,491.32
16,232,226.88
24,643,167.32

Figure 10-4: Top 10 metropolitan areas in total consumption (residential, commercial, industrial,
agricultural irrigation and public lighting), (MWh/year)

Figure 10-5: Turkey's Global Irradiation Values (kWh/m2.year)
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10.1 LCOE & PBT Calculations for The Prosumer Market in Turkey
The end user tariffs are classified based on LV and MV. These values do not include taxes and
other expenses of the each retailer. Therefore, the calculations for LCOE and PBT are based on the
following values.
Table 10-1: End-user tariffs63 (tax and other expenses are not included) (TRY/kWh)

Residential

Commercial

Industrial

Energy
Cooperatives

LV Network

0.3318

0.3348

0.2907

0.2907

MV Network

0.3141

0.3166

0.2602

0.2602

The analysis is for each fourth segment as follows:
For LV: We took the upper limit as 50 kW for Residential, Commercial, and Industrial customers. We
excluded energy cooperatives. It is more logical to take into consideration only rooftop projects
since 50 kW is so small for ground type.
For MV: We took 5 MW as upper limit, but we did the calculations also for 50 kW, 500 kW, 1 MW,
and 5 MW. In these calculations for MW, we did not consider residential customers.
500 kW, 1 MW, and 5 MW- We did the calculations for Commercial, Industrial, and Energy
Cooperatives both for ground and rooftop type installations.
The difference between the ground type and rooftop projects are due to the insurance, operation
and maintenance costs.

63

o

For Ground Type projects: Insurance, operation and maintenance costs are calculated as
2.5% of the total investment cost.

o

For Rooftop projects: Insurance, operation and maintenance costs are calculated as 0.5% of
the total investment cost.

Assumption: End user tariff for energy cooperatives are taken equal to industrial type consumers.
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Table 10-2: LCOE Calculations LV Network
LCOE
(USD/MWh)

Residential

Commercial

Industrial

Capacity

15 kW

50 kW

15 kW

50 kW

15 kW

50 kW

Rooftop

169.6

120.8

169.6

120.8

169.6

120.8

Table 10-3: LCOE Calculations MV Network
LCOE
(USD/MWh)

Residential

Commercial

Capacity

50 kW

50 kW

500
kW

1 MW

5 MW

50
kW

500
kW

1 MW

5 MW

1 MW

5 MW

Rooftop

120.8

120.8

115.5

110.2

99.7

120.8

115.5

110.2

99.7

110.2

99.7

Ground

N/A

N/A

140.0

133.5

120.8

N/A

140.0

133.5

120.8

133.5

120.8

Industrial

Energy
Cooperatives

Table 10-4: Pay Back calculations LV Network
PBT (years)

Residential

Commercial

Industrial

Capacity

15 kW

50 kW

15 kW

50 kW

15 kW

50 kW

Rooftop

15.74

10.00

13.76

9.94

13.84

11.38

Table 10-5: Pay Back Calculations MV Network
PBT (years)

Residential

Commercial

Capacity

50 kW

50 kW

500
kW

1 MW

5 MW

50 kW

500
kW

1 MW

5
MW

1 MW

5 MW

Rooftop

10.54

10.48

10.05

9.60

8.71

12.66

12.13

11.59

10.5

11.59

10.5

Ground

N/A

N/A

12.70

11.99

10.62

N/A

16.33

15.34

13.5

15.34

13.5

Industrial

Energy
Cooperatives
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From this analysis, we conclude:
1. Small residential systems up to 15 kW need a price about 170 USD/kWh
2. Commercial systems up to 50 kW need a price around 120 USD/KWh
3. The larger the system up to the proposed 1 MW for industrial or up to 5 MW or energy
cooperatives, the economies of scale make the projects more attractive with a needed price
around 110 USD/KWh
Sunnier locations and the expected decrease of prices by technology improvement may
reduce the necessary FiT and PBT, but the relationship will still hold that small residential
systems need about 50% more tariff and PBT than utility scale projects.
A clear conclusion of this analysis is that is more efficient the deployment of Energy
Cooperatives where small residential investors may benefit of RE in a more efficient way
than installing micro systems in their own rooftops.
The following models include some tariff to make self-consumption more attractive. A kind of
compensation to the systems are more feasible.
The tables below illustrate more realistic scenarios of a 10kW rooftop PV solar installation under the
following scenarios:
1. With and without VAT
2. 100% self-consumption of 50% FIT allowed
3. 100% equity financed or 20% equity and 80% debt financed
The Table 10-6 and Table 10-7 shows that payback periods of 7 years, which is considered
bankable for self-consumption can be obtained only using grants of about 30% of the cost or
FIT of about 0.20 USD per kWh, both cases without VAT
The calculations show different financing leverage ratios, and different areas in Turkey.
Using current parameters, with VAT and no grant or no allowance for FIT, the payback periods are
extremely long, from more than 7 years to 10 years.
This kind of analysis should be repeated often, due to the decrease of costs of solar PV but clearly
today we can conclude that with the current mechanism the payback periods for self-consumption
solar PV are too long to finance and invest. Introduction of direct and/or indirect incentives will help
to decrease payback period of investments. In addition to direct grants by the governments, indirect
grants such as reduction of property tax and or environment and cleaning tax for buildings using
renewable energy, would also play an important role. Electric distribution companies might also be
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encouraged to make financial contribution to self-consumption purpose renewable energy
investments.
For other projects, financial institutions may consider generated income through the project that
benefit from FiT, however that is not possible for self-consumption purpose projects. Therefore, the
issue with prosumer investors is not only about low compensation, but also about the need to
submit higher collateral to access finance.
The consultants have focused the study on solar PV installations as, LCOE Estimations for
hydropower, geothermal and biomass are unique depending on the geographical location and
feedstock for biomass, so only very broad estimates can be calculated and would not lead to clear
conclusions in the prosumer segments. Additionally, those technologies are normally too
complicated to be used by small prosumers.
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Table 10-6: Sample Financial Calculations for 100% Self-Consumption and Feed-in-Tariff Type PV Project
Parameter

UoM

10kW: Investment with VAT

ASSUMPTIONS

100% Self Consumption

PROJECT DETAILS

100% Equity

80/20% Debt Equity Ratio

Installation Type

Adana

Istanbul

Samsun

Adana

Istanbul

Samsun

Insurance, Operation &
Maintenance Costs*

$/year

55

55

55

55

55

55

Distribution Fee*

$/year

Cost Savings*

$/year

Payback Time

Years
$/MWh

0
1,689
7.3
106.6

0
1,453
8.3
123.3

0
1,463
8.3
122.5

0
1,689
8.9
105.3

0
1,453
10.2
121.8

0
1,463
10
126.9

%

4%

17%

16%

22%

32%

32%

Years

7

7

7

7

7

LCOE
Grant or Contribution Amount
Payback Time with Grant

7
*First year data

100% Self Consumption
UoM

100% Equity

80/20% Debt Equity Ratio

Adana

Istanbul

Samsun

Adana

Istanbul

Samsun

Insurance, Operation &
Maintenance Costs*

$/year

55

55

55

55

55

55

Distribution Fee*

$/year

Cost Savings*

$/year

Payback Time

Years
$/MWh

0
1,689
6.2
91.1

0
1,453
7.2
105.3

0
1,463
7.1
104.6

0
1,689
7.6
90.0

0
1,453
8.7
104.1

0
1,463
9
103.4

%

n/a

2%

2%

8%

20%

20%

Years

n/a

7

7

7

7

7

LCOE
Grant or Contribution Amount
Payback Time with Grant

Panel Type
Loss Scenario

Panel Type

Medium - %25

Loss Scenario

11,000

Investment Amount (VAT included)

12,980 USD
14/7/2017

USD

Medium - %25

Investment Amount

11,000

Investment Amount (VAT included)

12,980 USD
14/7/2017

Exchange Rate Date

3.56 USD/TRY

Exchange Rates

4.06 EUR/TRY

Feed-in-Tariff

Polycrystalline

FINANCIAL PARAMETERS

Investment Amount
Exchange Rate Date

Rooftop

Installation Type

Polycrystalline

FINANCIAL PARAMETERS

0.133 USD/kWh

Feed-in-Tariff Duration
Projected Electricity Price after Feed-inTariff Guarantee
Distrubution Fee
İnsuarance, Operation and Maintenance
Expense
Unit Price of Electricity Used (Tax and fees included)

10kW: Investment with VAT Exemption
Parameter

ASSUMPTIONS
PROJECT DETAILS
Rooftop

10 year
0.07 USD/kWh
0.026 TRY/kWh
0.5%
0.42 TRY/kWh

3.56 USD/TRY

Exchange Rates

4.06 EUR/TRY

Feed-in-Tariff

0.133 USD/kWh

Feed-in-Tariff Duration
Projected Electricity Price after Feed-inTariff Guarantee
Distrubution Fee
İnsuarance, Operation and Maintenance
Expense
Unit Price of Electricity Used (Tax and fees included)

LOAN DETAILS

USD

10 year
0.07 USD/kWh
0.026 TRY/kWh
0.5%
0.42 TRY/kWh

LOAN DETAILS

Grace Period

1 year

Grace Period

Debt Term

7 year

Debt Term

Equity

Debt

Debt-Equity Ratio

100%

0%

Debt-Equity Amount(USD)

12,980

0

Cost of Dept & Equity

10.0%

7.0%

WACC (Weighted Average Cost of Capital)

1 year
7 year
Equity

Debt-Equity Ratio

Debt

20%

80%

Debt-Equity Amount(USD)

2,596

10,384

Cost of Dept & Equity

10.0%

7.0%

WACC (Weighted Average Cost of Capital)

10.0%

7.6%

Table 10-7: Sample Financial Calculations for 50% Self-Consumption and Feed-in-Tariff Type PV Project
10kW: Investment with VAT
Parameter

50% Self Consumption - 50% Feed-in-Tariff

UoM

100% Equity
Adana

Insurance, Operation & Maintenance
USD/year
Costs*
Distribution Fee*
USD/year
Cost Savings*

USD/year

Payback Time

Years

LCOE

USD/MWh

Proposed FiT

USD/kWh
Payback Time with Grant with Proposed
Years FiT

Istanbul

80/20% Debt Equity Ratio
Samsun

Adana

Istanbul

Samsun

55

55

55

55

55

55

52
1,746
7.3
110.0

45
1,502
8.5
126.7

46
1,514
8.4
125.8

52
1,746
9.0
108.6

45
1,502
10.5
125.1

46
1,514
10
124.3

0.145

0.188

0.185

0.208

0.261

7

7

7

7

7

0.258
7
*First year data

ASSUMPTIONS

ASSUMPTIONS

PROJECT DETAILS

PROJECT DETAILS
Rooftop

Installation Type
Panel Type
Loss Scenario

Panel Type

Medium - %25

Loss Scenario

FINANCIAL PARAMETERS

10kW: Investment with VAT Exemption

11,000USD

Investment Amount

11,000USD

Investment Amount (VAT included)

12,980USD
14/7/2017

Investment Amount (VAT included)

12,980USD
14/7/2017

Exchange Rate Date

4.06 EUR/TRY

Feed-in-Tariff

0.133USD/kWh
10 year

Adana
Insurance, Operation & Maintenance
USD/year
Costs*
Distribution Fee*
USD/year
Cost Savings*
USD/year
Payback Time
LCOE
Proposed FiT

Years
USD/MWh

USD/kWh
Payback Time with Grant with Proposed
Years FiT

Istanbul

Samsun

Adana

Istanbul

0.026TRY/kWh
0.5%

Samsun

Unit Price of Electricity Used (Tax and fees included)
LOAN DETAILS

3.56USD/TRY

Exchange Rates

4.06EUR/TRY

Feed-in-Tariff

0.133USD/kWh

Feed-in-Tariff Duration

0.07 USD/kWh

İnsuarance, Operation and Maintenance Expense

80/20% Debt Equity Ratio

Exchange Rate Date

3.56 USD/TRY

Exchange Rates

Distrubution Fee

50% Self Consumption - 50% Feed-in-Tariff
100% Equity

Medium - %25

Investment Amount

Projected Electricity Price after Feed-in-Tariff Guarantee

UoM

Polycrystalline

FINANCIAL PARAMETERS

Feed-in-Tariff Duration

Parameter

Rooftop

Installation Type

Polycrystalline

0.42 TRY/kWh

10 year

Projected Electricity Price after Feed-in-Tariff Guarantee

0.07USD/kWh

Distrubution Fee

0.026TRY/kWh
0.5%

İnsuarance, Operation and Maintenance Expense
Unit Price of Electricity Used (Tax and fees included)
LOAN DETAILS

55

55

55

55

55

55

Grace Period

1 year

Grace Period

52
1,746
6.2
94.5

45
1,502
7.2
108.7

46
1,514
7.2
108.0

52
1,746
7.7
93.3

45
1,502
8.9
107.4

46
1,514
9
106.7

Debt Term

7 year

Debt Term

n/a

0.140

0.139

0.158

0.203

0.200

n/a

7

7

7

7

7

0.42TRY/kWh
1 year
7 year

Equity

Debt

Debt-Equity Ratio

100%

0%

Debt-Equity Ratio

20%

80%

Debt-Equity Amount(USD)

12,980

0

Debt-Equity Amount(USD)

2,596

10,384

Cost of Dept & Equity

10.0%

Cost of Dept & Equity

10.0%

WACC (Weighted Average Cost of Capital)

7.0%
10.0%

Equity

WACC (Weighted Average Cost of Capital)

Debt

7.0%
7.6%
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“The contents of this publication are the sole responsibility of MWH – Terna – Gazel and can in no way be
taken to reflect the views of the European Union”
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