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Abstract

The European Union just agreed upon a climate package forcing the member countries to
increase their share of renewable energy sources in the energy mix. Bulgaria is no exception.
The objective of this paper is to look closer into the potential of stand- alone photovoltaic
systems in Bulgaria, whether photovoltaic systems are cost-effective and what the main

driving forces and barriers are for a broader deployment of photovoltaic in Bulgaria.

The most important conclusions of this paper are:

There is a substantial potential for electricity production from photovoltaics in Bulgaria. Due
to the current Feed-In Tariff, the economics of investing in photovoltaics are good, but in
spite of this, there are several barriers that need to be overcome. Among these are the
uncertain access to the grid, the fluctuation of the Feed-In tariff and the currency risk due to
the current financial slowdown. The main driving force to increase the use of renewable

energy sources in Bulgaria is the European Union.
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1 Introduction

1.1 Motivation

This Master Thesis is written as part of the MSc programme Renewable Energy in Central
and Eastern Europe given at the Vienna University of Technology in co-operation with the
Research Park Bruck a.d Leitha and partners in Slovakia and Hungary. The course has given
insight in renewable energy issues in the cross-section between Economic, Political and
Technological parameters in a European Union context. This paper focuses on economic and
political parameters. The motivation for choosing the topic “The Bulgarian Photovoltaics
Market — an analysis of the boundary conditions for a broader deployment of photovoltaics in
Bulgaria” is to get a deeper understanding of economic and political parameters that are
important when a company dealing with renewable energy wants to establish itself in a new
European Union (EU) member country. Statkraft ASA has contributed economically to the
work on this paper, and they are looking into the Bulgarian photovoltaics (PV) market. It was

therefore natural to choose photovoltaics and Bulgaria.

The EU is a major player when it comes to climate change issues. In this regard, ambitious
goals and legislation have been put in place to promote the use of renewable energy sources.
Further motivation for choosing the above mentioned topic was to get more information about
how general EU legislation and goals are materialised in the member countries, especially in

the least developed ones.

To understand the economics of photovoltaics is crucial to be able to analyse the boundary
conditions for the deployment of photovoltaics in any country and also to get a better

understanding of what a company faces when wanting to invest in this technology.

1.2 Core objective
When a company operating in Renewable Energy/PV wants to establish itself in a country
like Bulgaria, it is not only important to know the potentials of the energy source and the

economics. It is also important to understand the current legislations put in place, and the
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driving forces (dynamics) behind these legislations. Furthermore an analysis of the possible
risks is crucial. Based on these reflections, the core objective of this Master Thesis is therefore
to investigate the crucial boundary conditions for a broader market deployment of PV in

Bulgaria. In detail the following questions will be analysed:

What are the potentials of stand-alone PV in Bulgaria?

Is PV currently cost-effective?

What are the driving forces behind the development of photovoltaics for electricity

generation in Bulgaria?

What are the main current barriers/risks for (potential) investors/project developers

into Photovoltaics?

1.3 Major literature/sources

There are several papers written on promotion schemes, barriers and economics of the PV
market in Europe and other parts of the world. One example is “Progress in Markets for Grid-
connected PV Systems in the Built Environment” 2004 by Professor Reinhard Haas, Energy
Economics Group, Vienna University of Technology, published in Progress in Photovoltaics:
Research and Applications. Professor Haas has also written “Market deployment strategies for

photovoltaics: and international review” 2003, available online at www.sciencedirect.com.

In addition to research done by academic institutions, there are research and consultancy
companies, organisations and magazines doing analysis especially on the economics of the
technology. A couple of examples of these are Solarbuzz (solarbuzz.com) which is an
international solar energy research and consultancy company and Photon International
(http://www.photon-magazine.com) which is a magazine writing about the solar industry.

These sources have been used to a great extent in this paper.


http://www.sciencedirect.com/
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Furthermore, official publications from the government of Bulgaria and the European
Commission have been important sources for the country specific aspects, especially the

Energy Strategy by 2020, draft, published by the Bulgarian Ministry of Energy and Economy.

1.4 Method of approach

In addition to literature study interviews have been made with people working with renewable
energy in Bulgaria but also elsewhere. The interviews have been of an informal character
where different aspects of the photovoltaics market in Bulgaria and in other countries have
been discussed. Most of the people contacted have, however, been asked more in detail about
what they think are the main barriers for the deployment of PV in Bulgaria and what they
think are the driving forces. Aspects that were discussed were amongst others the renewable
energy legislation, access to the grid, the feed in tariff, bureaucratic procedures, property
rights, the general energy situation and the financial crisis. In addition for those who are
directly involved in either selling PV modules or constructing PV installations price levels

and cost assumptions have been discussed.

There were many people contacted, but the main contributors were Mr. Plasil and Mr. Pitzer
in Raiffaisen Energy and Environment, Mr. Pauritch at the Austrian Energy Agency, Mr.
Glomnes in RECGroup and Mr. Weinberger in Meinl Bank in addition to Mr. Grosse and Mr.
Hereeid in Statkraft.

1.5 Structure
For the sections in the Paper, covering general aspects of Bulgaria, the Bulgarian Energy
market and the potentials of PV, the method of approach have been literature study, meaning

legal texts, EU texts and other analyses done on Bulgaria.

For the section of the Paper, dealing with the economics of PV in Bulgaria, two economic
analyses of hypothetic PV installations have been done, taking into account different

locations, costs and financing.
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For the section of the Paper, dealing with driving forces and risks, the method of approach
have been literature study and articles, and information from people who are active in the

Bulgarian market.

The conclusion summarises what has come up in the previous sections.

Detailed policies of different political parties and the likelihood of change in government is

beyond the scope of this paper.

The driving forces are based on official documents for the current government. There will
always be uncertainty relating to the effect of possible changes in government, but the main

lines are assumed to be constant.
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2 Background on Bulgaria

2.1 General

Bulgaria is situated in the South Eastern part of Europe and was the last country, together with
Romania, to join the European Union on 1% January 2007. Bulgaria borders to Romania in the
North, Serbia and Macedonia to the West and Greece and Turkey to the South. To the East is
the Black Sea.

After the fall of the Soviet Union, Bulgaria experienced severe economic difficulties, but
since 1996-97, the country’s economy has had a steady growth up until the financial
slowdown in the autumn of 2008. Bulgaria is one of the poorest countries in the European
Union, with a GDP per capita (2007) of € 3,800. The EU average the same year was € 24,900
(European Central Bank 2009).

The economic growth the recent years is largely due to strict economic policy helped by the
IMF and foreign direct investment (FDI). Bulgaria is one of the countries who have attracted
the most FDI compared to GDP in the EU.

Being part of the European Union, Bulgaria also needs to comply with EU directives and
goals. There are three priority aspects addressed in the European energy policy: reducing the
negative climate changes, curbing the EU’s dependency on imported energy resources and
promoting economic growth and jobs. The EU just agreed upon a Climate Package that
imposes on the member states to reduce their green house gas (GHG) emissions and energy
consumption, and increase the use of renewable energy sources. For Bulgaria this means,
amongst others, that Renewable Energy needs to represent 16% of final energy consumption
by 2020. Today Renewable Energy represents approximately 8% of final energy

consumption.

Except for hydropower and biomass, Bulgaria has little energy production from renewable
energy sources. The potentials however are good. According to the European Renewable
Energy Council (EREC 2008) the potentials are good for biomass, wind, geothermal and to a

certain extent solar.
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In spite of EREC’s relative pessimistic view on the potential of Solar Power in Bulgaria, there
is currently quite a big interest from international companies to invest in photovoltaics in

Bulgaria.

2.2 Politics

Bulgaria has been governed by a three party coalition since the elections in 2005. The
coalition consists of the Bulgarian Socialist Party (BSP), The National Movement for
Stability and Progress (NDSV) and the Movement for Rights and Freedoms (DPS). Sergei
Stanishev from the BSP is the Prime Minister. Bulgaria’s President Georgi Parvanov from the
BSP was elected for a second 5 year term in 2007.

The coalitions main focus areas are i) European integration, ii) economic growth and iii)

increased responsibility for weak groups in the society.

Due to the gas crisis in the beginning of 2009, energy has again come up as an important issue
in Bulgaria. Bulgaria has intensified its work in diversifying the energy supply in the country.
The South Stream and the Nabucco pipe line are main focus areas in this regard. The
government was also under a lot of domestic pressure to open the decommissioned nuclear

reactors at the Kozloduy Nuclear Plant. From an EU perspective this was not negotiable.

There has been a growing dissatisfaction with the government throughout their period, but
this has decreased somewhat due to the handling of the financial crisis. The main opposition
party is the populistic GERB, Citizens for European Development of Bulgaria. GERB was the
winner of the elections to the European Parliament held in June 2009 and got 24% of the
votes while the Socialist party got 18%. Although he is not the formal leader of the party,
Sofia’s mayor Bojko Borisov is in control. GERB’s main focus has been waste, infrastructure,
health and education. Since GERB is a new party, they do not have any representatives in the
parliament. Although GERB is seen as the main opposition party, due to lack of experience
with being in formal power, it is posed questions to what extent they will be able to lead a

comprehensive policy.
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There was a new parliamentary election held on July 5 2009. GERB won the most votes and
Bojko Borisov will be the new Prime Minister. At the time of the writing of this paper, the

new government is not set.

2.3 Economy

Bulgaria became a member of the European Union in 2007. In recent years it has experienced
a rapid economic growth, but it continues to rank as one of the poorest member states of the
EU. The Economic growth in 2008 was approximately 6%. In 2009, the growth is expected to
decrease. The following graph shows the growth in Bulgaria’s GDP the last 6 years.

Graph 1 GDP Growth 2003-2008 in %
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Source: Bulgarian Investment Agency 2009

Inflation rate for 2008 was 7.8%, and the unemployment rate declined from 13.5% in 2003 to
6.3% in 2008 (Bulgarian Investment Agency 2009). In 2006 the GDP structure comprised 8%
agriculture, 26.1 % industry and 65.9% services. The most important agricultural products are
Anise, Donkey meat, sunflower seed and Cereals, in which Bulgaria ranks as one of the top
world producers. Industry plays a more important role in the Bulgarian economy, especially
the production of minerals, metals and electricity. The most important mining products are
coal, bismuth, copper and zinc. Ferrous metallurgy also has a great importance in Bulgaria,
with the production of steel as the most important. The machine-building sector has

7
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traditionally had great importance, but this has decreased since 1989. Electronics and electric
equipment production has gained importance the last years. The Bulgarian properties market
experienced a great boom due to foreigners seeking additional homes. Especially Brits have
been active in the Bulgarian properties market (Wikipedia 2009). This market has experienced
a slowdown due to the economic situation the last year.

2.4 Bulgaria’s Energy Market

2.4.1 Overview of general energy situation

Bulgaria is heavily dependent on imports of energy products. According to the Bulgarian
Energy Strategy draft, 2008, 70% of total consumption comes from imports (Eurostat’s
indicator for energy dependency shows only 46.6%, due to the methodology where nuclear
power is seen as local energy source). Imports are mainly in the form of coal, natural gas,
crude oil and petroleum products. In 2007, of approximately 15 mill toe total import of
energy products, approximately 10 mill toe was crude oil and gas. Almost all the import

comes from the Russian Federation (Eurostat, 2009)

Bulgaria has a diversified national energy mix, which is fairly independent of the price
fluctuations for liquid fuels and natural gas. Nuclear power has been the most important
domestic source of energy (ref Eurostat’s methodology), and in 2006 it represented 46% of
the domestic energy production. During the period between 2002 and 2006 four units of 440
MW of the Kozloduy Nuclear Power Plant was decommissioned, leaving two units of 1000
MW left. In 2007 nuclear power represented only 39% of the domestic energy production.
Two units of 1000 MW each of the Belen Nuclear Power Plant have been commissioned and
the first one may be in operation by 2013 the earliest. Bulgaria also has resources of lignite
and peat although the quality, i.e. calorific value, is not of first class. According to the
Bulgarian Energy Strategy by 2020 draft, the proven reserves of lignite and coal are sufficient
to ensure electricity production another 50-55 years. Lignite and peat represented 40% of the
domestic energy production in 2006, but this share rose in 2007 to 49%, as two nuclear
reactors were closed down. Bulgaria also has natural gas reserves, and this represents 2% of
the domestic energy production. Although the amounts are quite modest, the reserves may to

a certain extent limit the price increase of imported natural gas. Biomass is by far the most

8
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important renewable energy source, with 7% of the primary domestic energy production,
followed by hydropower which stands for 3% of the primary domestic energy production
(Eurostat 2009). The production of electricity from hydropower comes mainly from large

hydropower plants operated by the National Energy Company, NEK.

The two following graphs show the primary domestic energy production by source in 2007

and the final energy consumption by source in 2007.

Graph 2 Primary domestic energy production by source in 2007

Primary domestic energy production
by source in 2007 (Total 9.805.000

toe) hercent oo
; Other Hard Coa
Bioma
Hydro '7 %SS \0% 0%
Electricity '

3%

Lignite and Peat

Nuclear Heat 49 %

39 %

Natural Gas Crude Oil
2% 0%

Source: Eurostat 2009, Yearly Statistics 2007



Background on Bulgaria

CONTINUING

Graph 3 Final energy consumption by source in 2007

Final Energy Consumption by
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Source: Eurostat 2009, Yearly Statistics 2007

It is worth noticing from the graphs above that production and consumption are more or less

equal, even though Bulgaria has a high import dependency. This may partly be explained by

the high transformation losses. In Bulgaria more than half of the energy used are

transformation losses (generation and transmission to end consumers), while in the EU-27

such losses are about one third (Energy Strategy draft, 2008). Part of the explanation is also

the export of electricity to neighbouring countries.

Bulgaria used to be a net importer of electricity, but since 1993, after a steady decline in

consumption due to the closing down of energy intensive industry Bulgaria has been a net

exporter of electricity (Papazyan, 2007).

The following graph by Papazyan, shows the development of net power generation and gross

demand in Bulgaria in the period 1990- 2006.

10
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Graph 4 Development of net power generation and gross demand in Bulgaria 1990 -2006
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Source: Papazyan, M: Electric Power Infrastructure in Bulgaria and Prospects for its Development in Sluka,
2008.

The graph shows that nuclear and conventional sources of energy are the most important
sources for electricity production, but that hydropower has an important role in the energy

mix used for electricity production.
Data from Eurostat’s Energy Yearly Statistics 2007, in the period 2002 — 2007 shows the

same trend as the above graph, but includes the effect of the closing down of the Kozloduy
NPP at the beginning of 2007.

11
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Graph 5 Gross electricity generation 2002-2007
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Source: Eurostat 2009, Energy yearly statistics 2007.

Even after the decommissioning of 4 Units of the Kozloduy NPP, electricity production

exceeds consumption. The following graph compares the net electricity generation with the

final electricity consumption in the period 2002-2007.

Graph 6 Net electricity generation and final electricity consumption 2002-2007
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Source: Eurostat 2009, Energy yearly statistics 2007.
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2.4.2 Energy production from Renewable Energy Sources (RES)

2.4.2.1 Existing Capacity

Bulgaria’s energy production from RES represents about 10% of domestic energy production
(ref Eurostat’s methodology see graph 2) and, as shown previously, is dominated by
hydropower and biomass. The following table shows total RES primary production in the
period 2001-2007.

Table 1 Total RES primary production 2001-2007 in toe

Specification 2001 | 2002 | 2003| 2004 | 2005| 2006 2007

Total primary production in 1000 toe 696 832| 952(1,009|1,149|1,173| 995

Hydro (excl. pumping) 149| 289| 260| 272| 373| 364| 247
Wind 0 0 2 4
Geothermal 33 33 33
Biomass 547 643| 691 737| 743| 774 711
among which:
Wood, wood-waste 547| 643| 691| 737| 743| 769| 709

Source: Eurostat 2009, Energy yearly statistics 2007.

Table 2 shows total RES electrical generation and installed capacity. As the table shows,
hydropower has traditionally been the dominant — next to only- renewable energy source for
electric production in Bulgaria. In the period 2001-2006 there was a steady growth in power
production from all sizes of hydropower plants, but this went down in 2007. The table also
shows that the installed capacity has been the same over the period. Fluctuations in power
production from hydropower is normal as it depends on the water inflow, this may explain the
differences. Other sources give other numbers of installed capacity of small and micro HPP,
which may also explain the differences in production over the time period. Wind energy has
had an exponential growth and the past couple of years especially. In 2007 the installed
capacity of wind power was 30 MW (Eurostat 2009) and this number has further increased in
2008. According to Lefkowitz 2009 around 950 MW of new wind projects are in different
stages of planning in Bulgaria in the beginning of 2009.

13
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Table 2 Total RES Electrical generation and installed capacity 2001-2007

2001 | 2002 | 2003| 2004 | 2005| 2006| 2007
Electricity generation from RES total
in GWh 1,737| 2,193 | 3,029 | 3,169 | 4,342 | 4,258 | 2,920
Hydro with installed capacity < 1 MW 29 36 50 53 72 70 74
Hydro with installed capacity > 1 & <10
MW 251 317| 438| 458| 627| 618| 432
Hydro with installed capacity > 10 MW | 1,457 | 1,840 2,541 | 2,657 | 3,638 | 3,550 2,367
Wind 1 5 20 47
Electrical capacities of RES total in
MW 1,984(1,984|1,984|1,985|1,992|2,011| 2,042
Hydro with installed capacity < 1 MW 25 25 25 25 25 25 31
Hydro with installed capacity > 1 & <10
MW 200/ 200| 200| 200 200, 200| 159
Hydro with installed capacity > 10 MW | 1,759 1,759 1,759 | 1,759 | 1,759 | 1,759 1,822
Wind 1 8 27 30

Source: Eurostat 2009, Energy yearly statistics 2007.

14
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2.4.3 Net capacity (infrastructure)
Bulgaria has a fairly well developed electricity net. According to the Energy and
Environmental Reference bank of the IAEA, the capacity of the Bulgarian electricity net in

2005 was 2722 MWe . The following figure shows Bulgaria’s Electricity net.

Figure 1 The Bulgarian Electricity Net
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Source: Global Energy Network Institute (2008)
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Figure 2 Distribution Net, Majority Owners

Bulgarian Power System
Power distribution companies - majority owners

Source: Sluka, 2008

The transmission net is owned and operated by the National Electricity Company NEK. The
distribution nets are majority owned and operated by E.ON, CEZ and EVN. E.ON has the
North-East and has a share of 59%, 33% belong to the Bulgarian State and 8% to the
European Bank for Reconstruction and Development. It has a total annual sales volumes
amounting to 5.2 TWh and supplies 1.1 million customers and maintains about 40 000 km of
electricity distributional grid for high-, medium- and low voltage, 26 substations H/M voltage
and over 12,000 transformer stations. CEZ operates the Western distribution nets with a share
of 67% and the remaining 33 % is owned by the Republic of Bulgaria in the person of the
Ministry of Economy and Energy. The South —Eastern distribution nets are operated by EVN
with a share of 67% and the remaining 33 % is owned by the Republic of Bulgaria.
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2.5 General legal and regulatory framework for Renewable Energy
Sources

There are several legal and regulatory provisions that have an impact on the development of

renewable energy sources in Bulgaria. The EU legislation is, as for most European countries,

the main driving force behind the deployment of RES in Bulgaria. In this paper a detailed

description will not be given, but an outline of the most important ones.

2.5.1 EU legislation
Directive 2001/77/EC on the promotion of electricity produced from renewable energy

sources in the internal electricity market. This directive is currently in force and sets
indicative targets until 2010. According to this directive Bulgaria has an indicative target to
reach 11% share of RES on gross electricity consumption by 2010. Bulgaria’s share of RES
electricity reached 11.8% in 2008 (EREC, 2008)

Directive 2003/30/EC on the promotion of the use of biofuels or other renewable fuels for
transport. This directive is currently in force, and sets targets up to 2010. According to this
directive, indicative targets for biofuel consumption is 5.75% of petrol and diesel use for
transport in 2010 (EREC, 2008). According to the National Biofuel Association there was a
production of 1,500 tons of biofuels in Bulgaria in 2007 (Energy Bulletin 2008)

Proposal for a Directive on the promotion of the use of energy from renewable energy
sources. The mandatory targets for Bulgaria set by this proposed RES framework directive is
16% share of RES on the final consumption on Energy in 2020 and at least 10% share of
biofuels of final consumption of energy in transport by 2020 (EREC, 2008).

According to NEKs forecasts, there is an estimated need for additional renewables-based
capacities of 893 MW until 2010 (source: Lefkowitz 2009)
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2.5.2 National legislation
Renewable and Alternative Energy Sources and Biofuels Act

Bulgaria got it’s Renewable Law in 2006, systematizing or referencing the rules touching on
renewable in other laws and regulations. The law was amended in 2008.

Much of the law concerns planning and information flows etc., from the Ministry of
Economy and Energy to local authorities. There will be set national indicative targets
following a 10 year plan which shall be revised every 5 years. The Ministry of Energy and

Economy will report on implementation.

The RES utilities had priority access to transmission and distribution grids (TDG) also prior
to the RES law, but this right was given more effect with the new RES law. TDG companies
must allocate resources for grid development related to RES production in their annual
investment and maintenance programmes. Response times are laid down for applications and
TDG companies are obliged to complete connections by producer’s declared start up dates.
The law also defines who pays for what regarding grid connection. The producer pays for the
connection related costs within the property boundaries of the electric production facility. The
connection related costs from the property of the producer to the net is borne by the
transmission/distribution company, except for the connection fee covering direct connection
costs. The costs related to expansion or reconstruction of the net due to a new production

facility from RES shall be borne by the transmission/distribution network.

RES-based power producers — except hydropower plants over 10 MW — have guaranteed
market for their output at preferential prices. The National Energy Company (NEK) is
obliged to offset all electricity produced by RES at prices set by the State Energy and Water
Regulation Commission (SEWRC). SEWRC sets the preferential price annually (by 31
March each year). The preferential price is set to 80% of average price sold by Final
Suppliers plus an additional premium determined by SEWRC depending on the type of
primary energy source indicated by the relevant ordinance. This premium cannot be

decreased by more than 5% year —on-year.
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The following Feed-In tariffs are valid for 2009:

Table 3 Feed - In Tariffs 2009

RES Installation Additional Criteria | Price/MWh Price  /MWh
(BGN) (Euro)*
Wind Installed Capacity | Up to 2250 full | 189 BGN 96,64 Euro
> 800 kW working hours per
annum
Over 2250 full | 172 BGN 87,94 Euro

working hours per

annum
Installed Capacity 145 BGN 74,14 Euro
< 800 kW
Solar PV Installed capacity < 823 BGN 420,80 Euro
5kWp
Installed capacity 755 BGN 386,03 Euro
>5 kWp
Biomass Installed capacity < | Wood 217 BGN 110,95 Euro
5 MW Agricultural 166 BGN 84,97 Euro
Energy cultures 187 BGN 95,61 Euro
Hydro Installed capacity < 105 BGN 53,68 Euro
10 MW

Source: Coeler Legal Consulting, 2009

Amendments to the law in 2008, states that the mandatory purchase of power from RES shall
be through contracts with validity of 25 years for electricity generated from geothermal and
solar energy and 15 years for electricity generated from hydropower stations with capacity
less than 10 MW and other renewable sources. This is relevant to power stations starting

production no later than 31 December 2015.

For plants starting operation after 31 December 2015 another market mechanism is

envisaged. According to the RES law, the Ministry of Energy and Economy shall prepare a

11 Euro = 1,9558 BGN
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new bill on market mechanisms for promoting RES power production no later than 31

December 2011. A system with quotas and tradable green certificates is envisaged.

There is also other national legislation that will have an impact on the deployment of RES
capacity in Bulgaria, in particular the Energy Act and the Law on the promotion of

investments. In addition there are various legislations regarding, environment and land rights.

2.5.3 Bureaucratic procedures

According to the Renewable and Alternative Energy Sources and Biofuels Act, PV
installations are guaranteed a Feed-In tariff, which until 31 March 2010 is approximately
38.6 €cent/kWh produced electricity. A feed-in tariff is guaranteed for 25 years for plants that
have started operation before 31. December 2015. Furthermore to the guaranteed off-set of the

produced electricity, PV power plants have priority access to the grid.

Licensing procedure and permits

Bulgaria has as part of joining the European Union eased the bureaucratic procedures in most
sectors, but there is still a long way to go before the procedures are streamlined. According to
Eng. Rumen Hristov (RE and EE Conference, Sofia 2009), one of the main challenges when
developing RES projects, are the administrative procedures. The time it takes to get the right
documentation, the grid connection and the paperwork related to this causes great difficulties
for the investors and the developers. Part of the challenge when dealing with investments of
RES, is that the development of RES is still in an early phase, and the authority who is
responsible does not always know what to do, and the regulation is not always straight
forward. And this leaves the procedure for developing PV projects as other RES investment
projects cumbersome. The Energy Efficiency Agency, a directorate under the Ministry of
Energy and Economy, has made a paper called Investment Process for Utilization of Solar
Power. The following gives highlights of this paper.

As in any investment project there are several laws and regulations that are relevant, when
investing in PV in Bulgaria, the most important national regulations are:

The Energy Act

The Spatial Planning Act
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The Property Act

The Environmental Protection Act

The Preservation of Agricultural Lands Act

The Ownership and the Agricultural Lands Usage Act
The Municipal Property Act

The Forestry Act

The Law on the Promotion of Investments

The process needs to go through stages of design, or prefeasibility study, permits and licences,

building and installing and permission for exploitation.

In the design phase, a prefeasibility study needs to be done referring to all the technical data.
In addition, issues like the acquisition of land and the Environmental Impact Assessment need

to be resolved.

Land Right/purchase

The main principle in Bulgaria is that foreign citizens and foreign legal persons cannot have
ownership rights to land (art 29 8 1 of the Property Act), unless they have inherited it by law
(art 29 82 of the Property Act). In Bulgaria as in other Eastern European Countries, in the
communist era, private land was expropriated by the state. After the fall of the Soviet Union,
land has been given back to the original owners. Because of this and in addition the fact that
pieces of land have been sold and resold, it is important to double check who really is the
owner of the land. Another challenge is the zoning of the land. A change of zoning of the land

is a very cumbersome and might also be expensive.

Environmental Impact Assessment

A letter needs to be sent to the Regional Director for Environment and Water, with all the
details of the project, and inquire whether an Environmental Impact Assessment is necessary.
The Regional Inspection of Environment and Water needs to reply within one month to what
extent an EIA is necessary. In cases where an EIA is necessary, the investor needs to do the

assessments at his own expense. When the assessment has been approved by the Regional
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Inspection of Environment and Water, the information about the project needs to be made

publicly known through media.

Access to Grid

To connect a new PV power plant to the electricity grid a written request for the study of
conditions and the way of connection needs to be sent. For PV plants with capacity less than 5
MW, the request needs to be sent to the nearest distribution company. For PV plants with
capacity of more than 5 MW, the request is to be sent to the nearest sub-unit of the
transmission company. The transmission and related distribution company prepares and
proposes a preliminary agreement for connection, within 30 days for the distribution company
and 90 days for the transmission company. The preliminary agreement for connecting is
signed before the elaboration of the investment project. Due to the fact that these preliminary
agreements are signed before the investment project is elaborated and that there is no strict
time limit for the project developer to elaborate on the project, there are more applicants for
accession to the grid than projects that will be realised. This causes problems for the serious
project developers, because the grid operators can halt the process by claiming that there is no
capacity left in the net. The investments that need to be made will take time. The agreement
for connection to the grid is signed after the approval of the investment project and the

permission for construction.

Permission for construction
In addition to getting the investment project approved, the project needs permission for
construction. This permission for construction is regulated by the Spatial planning act and

needs approval by the Chief expert of the municipality.

Commission licenses

PV with installed capacity exceeding 5 MW needs a license according to the Energy Act.
According to the Energy Sector Activities Licensing Ordinance, the Energy Commission
decides on the application in a closed session. The licences are issued for a term not

exceeding 35 years. The applicant needs to pay a fee to get the Commission Licence.
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Bringing into operation

After the construction and its acceptance test, the assigner registers its construction before the
Administration issued the building permit applying a final report. Within 7 days from the
application, the Administration that issued the building permit, registers the construction
bringing it into operation and issues the respective certificate after having reviewed the

sufficiently supplied construction documentation.
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3 Potentials of Photovoltaics

3.1 Solar irradiation

The solar irradiation in Bulgaria can roughly be divided into three zones. The Central-
Eastern Region covers 40 % of the overall territory and includes 30 % of the population in
Bulgaria. The daily global solar irradiation is 4 kWh/m:z — i. e. annual irradiation is 1,450
kWh/m2. The average annual sunshine duration from 31 March to 31 October is up to 1,640
hours and from 31 October to 31 March just up to 400 hours. The North-Eastern Region
covers 50 % of the territory and includes 60 % of the population. It covers industrial and
agricultural regions and a part of the Central North riverside strip. The daily global solar
irradiation is 4.25 kWh/mz - i.e. an annual irradiation of about 1,450 — 1,500 kWh/m2. The
average annual sunshine duration from 31 March to 31 October is up to 1,750 hours and from
31 October to 31 March 400 — 500 hours. The South- Eastern and South-Western Regions
cover 10 % of the territory and includes 10 % of the population. This region lies on the south
coast of the country. The daily global solar irradiation is 4.25 kWh/mzand annual irradiation
1,550 kWh/m2. The average annual sunshine duration from 31 March to 31 October is over
1,750 hours and from 31 October to 31 March over 500 hours (Sluka, 2008)

Figure 1 shows the European Commission’s Photovoltaic Geographical Information System
(PVGIS) irradiation map over Bulgaria, which underlines that the highest levels of solar
irrradiation are observed in northern Dobrudja, the North Eastern part of Bulgaria. The
mountainous areas in the south-western parts of the country in the area of Sandanski and

Smolyan also exhibit good solar potential.
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Figure 3 Yearly sum of global irradiation (kWh/m2) received by optimally inclined PV modules
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The installed solar capacity in Bulgaria in 2008 is approximately 1.5 MW, consisting of one
relatively large solar park (1 MW) and numerous smaller installations, ranging from ~1-
100kW. Geographically, the capacities are unevenly distributed and do not follow any
particular clustering. Over 60% of the installed capacities belong to a 1MW solar park built
by Sunservice Ltd. in Paunovo about 30 km South East of Sofia. The official opening of the
plant was 26.11.2008.

More than 60% of Bulgaria’s territory is covered by agricultural lands (EBRD) which makes
the potential of Solar power quite attractive. Ministry of Economy and Energy estimates that
roughly 3 % of the total territory of the country could be used for installations for power
production from solar energy (Sluka, 2008)
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3.2 Economic potential

There has been conducted several studies on the potential of renewable energy sources in
Bulgaria. The following table gives an overview of economic potential of primary energy of
Renewable Energy sources in Bulgaria based on the SAVE Il project, National energy saving
study of Bulgaria, 2001.

Table 4 Economic Potential of Renewable Energy Sources in Bulgaria

Specification TJlyear Share %
Biomass and waste 27,134 31

Small Hydro Power Plants 1,992 2.3
Wind Energy 14,752 16.8
Solar Energy 34,440 39.3
Geothermal Energy 9,261 10.6
Total 87,579 100

Source: National energy saving study of Bulgaria. SAVE Il project. Study on the possibility for an
implementation of a widespread energy saving programme in Bulgaria. Vienna: E.V.A. SEEA, E.V.A. and |.C.E.
2001

Another source of Economic potential of Renewable Energy sources in Bulgaria is the
National Long Term Programme to promote the Use of Renewable Energy Sources 2005-
2015. According to this programme the available potential of different RES is estimated to
6000 millon toe/year, which includes hydro, wind, solar, geothermal energy and biomass.
(Energy Strategy draft, 2008)

The following table shows the potentials according to this programme and economic
estimations to achieve these potentials.
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Table 5 National RES potential according to the National Programme on RES

National RES | Envisioned Total Power capacity | Total heat capacity in

potential investment costs in | in MW MW
million USD

Solar hot water | 81.09 202.72

systems

Solar photovoltaic | 49.70 12.43

power systems

Wind power generators | 162.19 62.22

Small and Medium | 151.77 101.18

Hydro PPs up to 10

MW

Geothermal 393.22 768.44

Installations

Biomass Installations 559.07 372.73

Biogas and Natural gas | 251.96 244.26 125.98

installations

RES Total 1,647.01 302.55 1,487.87

Source: “National Project/Programme on Renewable Energy Sources (NPPRES) in Republic of Bulgaria 2004 —
2014, Energy Efficiency Agency, MEER; in Slavov, T.: Incentives and barriers for the development of

renewable energy sources, Bulgaria — country analysis

In a scenario where the average full load hours of solar irradiation in Bulgaria is 1000 hours,

the estimated economic potential of PV power systems would be 12,430 MWh.

Conclusion:

Although the numbers differs between the studies done on the potential of RES in Bulgaria,
they both show that there are untapped resources. Large scale hydro, is to a great extent
already exploited, but the studies show that there is an untapped potential in developing all
the other resources. PV especially has great potential given the solar irradiation and the

geography of the country.

The government envisages that the most accessible RES in Bulgaria are SHPP, wind and

biomass, and under the 2008 levels of preferential prices about 30% of the unused potential of
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hydropower can be used (small and micro), 40% of the wind potential and more than 60% of
the biomass potential, and only 10% of the existing solar potential. The three former would

generate about 7 TWh of electricy per year (Energy Strategy draft, 2008).
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4 Economics of PV in Bulgaria

4.1 Economic Theory
Before doing economic calculations on two hypothetical 1 MW PV power plants in Bulgaria,

this section gives a brief description of economic theory used in the calculations.

The time value of money and the return on the investment

The value of one Euro in the future is less than one Euro today. The reason for this is that one
* |oses interest which one might have gotten by putting i.e. the money in the bank,

* the inflation eats up the value and

* because of risk.

The time value of money needs to be taken into account when doing investment analysis. This
is done by discounting the future cash flows by a required rate of return, which takes the
elements that influences the time value of money into account. This calculation gives the

present value of the investment.

The required rate of return consists of

* a risk free rate, which takes into account the inflation and the loss of interest i.e. compared
to putting the money in the bank and

* a risk premium that takes into account the risk of the investment project.

The present value of an investment can be calculated using different cash flows. One option is
to use the cash flow of the project as a whole, where the interest payments are not listed as an

expense, but is part of the present value calculations by weighing the return rate of loan and

equity.
Another option is to use the equity cash flow, meaning what is left for the owners after the
interest rate and down payment on loan is paid. In this case only the cost of equity is to be

used as required rate of return.

If done correctly the present value will be the same for the two calculation methods.
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Net Present Value
The value of an investment is theoretically equal to the present value of all the future cash
flows of the project. The following abbreviations and formulas illustrate the calculations of

the Net Present Value:

NPV = Net Present Value (Revenue- costs and investments)
Iy = Investment at time O

CF; = The projects Cash Flow at time t

I = the required rate of return on the total capital

n = number of periods (lifetime of the project)

CF; CF, CF; CF,

NPV = — Iy + + + o —
T A+ 1+1)? (1+3)3 1+i)n

This can also be written:

NPV=-I4+ zn: CF
-0 Ly

The NPV shows the stakeholders change in wealth by going ahead with the project. Every
project with a positive NPV theoretically increases the stakeholders’ wealth and should be
gone through with. In cases where there are several projects, to be considered, the one with
the highest NPV should be prioritised. This is true when only economic issues described

above are relevant. In reality, other issues will also influence the decision makers.

Internal Rate of Return

The Internal Rate of Return (IRR), is a relative return goal. The IRR shows the return (in %)
on the capital invested in the project. The definition of the IRR is the required rate of return
which gives NPV = 0.

The formula can be written:

S o O S o B
(@1 +IRR)! ' (1+IRR)2  (1+IRR)® "~~~ 1+4IRR)"
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Or

n
o = Z%
t=1
In many cases it might be easier to relate to a relative return rate (%) as the IRR rather than an
absolute number as the NPV. However, although the IRR gives the right signals when it
comes to the viability of a project, challenges might occur when the there are more than one
project to consider with different life times, or where the cash flows changes from + to — (or
vice versa) several times during the life time of the project. In addition indirectly, the interest
rate used in the NPV calculation, will consist of the rate of return on equity.

4.2 Case studies

The reason for doing case studies on PV power plant investment in this paper is to better
understand which factors (boundaries) influence the decision makers when wanting to invest
in PV power plants in addition to get an idea whether or not PV is viable in Bulgaria. A
sensitivity analysis of the costs and NPV calculations of two hypothetic case studies of 1 MW
PV power plants in Bulgaria will be done. The data assumptions are based on information
collected through literature and interviews with people who are active in the PV market both

in Bulgaria and other European countries.

4.2.1 Parameters and assumptions
Location: The two different locations chosen as examples of possible PV power plants are

Sofia and Dobrich. The reasons for choosing these two locations are that Dobrich is situated
in the North-Eastern part of Bulgaria and this region has the most favourable solar irradiation
in the country, ranging from 1400 kWh/m2 to 1500 kWh/m2 annually. In addition this region
consists of mainly arable land and houses roughly 60% of the population. Although Sofia
does not have the same irradiation as Dobrich, the first actual 1 MW power plant in Bulgaria
is situated only 30 km outside of the city, and it would be interesting to see if the economic
results will differ significantly due to different locations with different irradiation. In reality,
the PV plants would not be able to be erected in the middle of the cities, but the assumption is
that the irradiation will be approximately the same in the near vicinity of the cities where the

irradiation data is collected.
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Investment costs: The prices of solar panels have had a steady decline the last years, and it is
expected that they will continue to decline. The situation with the economic slowdown has
further reduced the prices due to overcapacity in the market for solar panels. The following
graph presented by Scatec Solar at the Nordic Renewable Energy Conference 28 May in Oslo,
shows how the prices for PV modules have declined the last three decades and how they are

expected to continue to decrease.

Graph 7 Development of PV module prices
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According to the report Progress in Markets for Grid-connected PV systems in the Built
Environment, by Haas 2004, the total PV system prices declined from 15 Euro/Wp in 1990 to

6.5 Euro/Wp in 2001 for 3 kWp systems. This trend has continued in addition to the fact that

because of economies of scale, larger systems will have a lower system price per Wp.

The downward trend in the PV panel and system prices is also showed in the following table

based on Phonton Consulting’s report The True Cost of Solar, Race tol $/W , 20009.
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Table 6 Solar sector cost overview

Silicon to c-Si module 2007 | 2008 |2009 |2010 |2011 | 2012
Sum of average cost ($/W) 2.02 1.98 1.83 1.69 1.57 1.44
Sum of best practice cost ($/W) 1.48 1.38 1.25 1.13 1.03 0.95
Sum of typical cash cost ($/W) 1.42 1.33 1.29 1.19 1.10 1.01
Total system (c-Si) 2007 2008 2009 2010 2011 2012
Sum of average cost ($/W) 5.01 4.56 4.23 3.90 3.69 3.45
Sum of best practice cost ($/W) 2.93 2.73 2.52 2.33 2.16 2.02
Sum of typical cash cost ($/W) 3.81 3.46 3.21 2.95 2.79 2.62

Source: Photon Consulting, The True Cost of Solar, Race tol $/W, 2009

Another source of prices for PV modules is Solarbuzz. (www.solarbuzz.com). According to

Solarbuzz’ retail price survey for June 2009, the lowest mono crystalline module price was
2.02 Euro/Wp, the lowest multi crystalline module price was 1.79 Euro/Wp and the lowest
thin film module price was 1.26 Euro/Wp (solarbuzz.com). It is important to note that these
prices are based upon the purchase of singular module and taxes and volume discounts are not

included.

The panels represent roughly 50-60% of the total installed cost of a Solar Energy System
(Solarbuzz.com). For the purpose of the paper, the assumption is therefore that the modules
cost 2 Euro/Wp and the rest of the investment cost to have a ready plant (turnkey) is 1.2
Euro/W.

Purchase/lease of land: As mentioned above, the acquisition of land is a cumbersome
process in Bulgaria, and may well be one of the main barriers for the development of RES in
the country. In many cases the purchase of land is also not possible and the contractor needs
to lease the appropriate land. Getting a hold of prices for the leasing of land has been difficult.
According to Mr. Pitzer in Raiffaisen Energy and Environment GmbH, the prices of land
ranges from 1 — 3 Euro/m2. For the purpose of this example, it is therefore assumed that the
purchase of land in Bulgaria is approximately 15,000 Euro/ hectare. In addition to the actual
purchase, the extra cost related to the change of zoning is estimated to be 1 Euro/ m2.
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Operation and Maintenance (including insurance): It has proven difficult to find exact
numbers for the costs of operation and maintenance related to a PV plant. The numbers vary
greatly and what is included as well. A rough estimate according to Alfred Weinberger in
Meinl Bank, is that O&M costs are in the range of 1 -2% of the investment costs (turnkey) per

year.

Taxes: Corporate tax in Bulgaria has a flat rate of 10% and in areas with high unemployment
the corporate tax is set to 0%. (Bulgarian Investment Agency, 2009). For the purpose of
simplifying, corporate tax rate is not taken into account in the economic calculations.

Debt/equity ratio: Because of the financial crisis, the funds and banks tend to require a
higher equity share than earlier. The assumption made in this paper is 30% equity and 70%

loan.

Interest rate: On average the interest rate is set to 12 months EURIBOR rate + 4%. This

gives an interest rate of 5.65% (14.mai 2009). This is current value, not inflation corrected.

Rate of Return on equity: The rate of return an owner requires on his/her investment will
vary. The higher the perceived risk an investment holds, the higher the rate of return the
equity holder will require. For the purpose of this paper, the rate of return on equity is set to
15%.

Feed-in Tariff: The Feed In Tariff in Bulgaria is subject to change every year. The current
Feed-in Tariff is 386 Euro/MWh.

Type of PV-modules: Using Thin Film modules instead of Crystalline modules, gives a
lower efficiency of the module, but thin film modules are able to produce electricity even in
cloudy weather. The assumption is that thin film modules will produce more electricity with
the same installed peak capacity. But that the area needed for the installation is roughly twice

as high. The Joint Research Centre’s analysis tool (http://sunbird.jrc.it/pvgis/apps/pvest.php)

showed that, in spite of the above assumption, both in Sofia and in Dobrich, the yearly

average electricity production was higher for crystalline modules than for thin film modules.
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Table 7 Yearly electricity production Crystalline Modules vs Thin Film Modules

Location Electricity production | Electricity production with
Crystalline modules Thin Film modules

Dobrich 1,179,606 kWh/year 1,170,235 kWh/year

Sofia 1,080,191 kWh/year 1,062,627 kWh/year

Source: http://sunbird.jrc.it/pvgis/apps/pvest.php

Although the module prices for thin film modules are generally lower, due to the above

results the economic calculations done for the remaining part of this section, are based on the

use of crystalline modules.

The following tables show the assumptions made on the system parameters in the two chosen

locations. The data are based on the Joint Research Centre’s Sunbird pages.

Table 8 System Assumptions Dobrich

Location

Dobrich,

43°33'59"
Elevation: 217 m a.s.l,

North, 27°49'59" East,

PV technology

Crystalline Silicon

Installed Peak Power 1MW
Estimated combined system losses, compared to | 25.3%
optimal yield (temperature, angular reflectance

effects, cables, inverters etc)

Module Inclination 34 degrees
Module orientation -2 degrees

Total production in year one (the production

decreases by 0.80% every year)

1,179,606 kWh

http://sunbird.jrc.it/pvgis/apps/pvest.php
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Table 9 System Assumptions Sofia

Location Sofia: 42°36'43"North, 23°21'45" East,
Elevation: 740 m a.s.l,

PV technology Crystalline Silicon

Installed Peak Power 1 MW

Estimated combined system losses, compared to | 24.5%
optimal yield (temperature, angular reflectance

effects, cables, inverters etc)

Module Inclination 32degrees

Module orientation -5 degrees

Total production in year one (the production | 1,080,191 kWh

decreases by 0.80% every year)

http://sunbird.jrc.it/pvgis/apps/pvest.php

4.2.2 Costof PVin Bulgaria
Given the system parameters, the cost of PV - electricity per kwh for the two locations can be

calculated as the present value (NPV) of the costs divided by the total amount of kWh
produced by the power plant in the course of it’s lifetime. The following assumptions on

economic parameters are used in the calculations, based on the reflections made above.
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Turnkey investment costs (60% modules 40% | 3.2 €/ W *
other costs such as cabling construction etc)

Purchase of land 15,000 €/ha **
Amount of land needed 2.3 ha

Cost of change of zoning 1 €/ m2**

o&M

1.5% of turnkey investment costs (excl. Purchase
of land) per year (EUR 48000)***

Bank loan interest rate 5.65%
Debt/Equity ration 30/70

Feed In Tariff 386.03 Euro/MWh
Required rate of return on equity 15%

*Assumptions made on the basis of information from Photon International, Solarbuzz and Scatec Solar

** Assumption made on the basis of interview with Mr. Pitzer

*** Assumption made on the basis of interview with Mr. Weinberger

Since the interest rate on the bank loan is different from the rate of return on equity, the

discount rate in the NPV formula needs to be weighted to take this into account. The weighted

average cost of capital (WACC) is the cost of each capital component multiplied by it’s

proportional weight and then summing:

WACC=E*R, +D Ry

Where:

Re = cost of equity

Rd = cost of debt

E = percentage of financing that is equity

D = percentage of financing that is debt

Based on the above, the WACC is 8.45%
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The NPV of the costs of PV in the different locations is:

25
0&M

NPV = I(DPV + I(bland cost T Z m

Where:

Igpy = 3200000
Ig1and cost = 57500
O&M = 48000

25 years is the lifetime of the project

The table below shows the cost of PV-electricity in Sofia and Dobrich per kWh based on the
above data and calculation formulas:

Table 11 Cost of PV-electricity in Euro/kWh

Location Present value of Cost of PV-electricity EUR/
kWh

Sofia 0.153

Dobrich 0.140

The table above shows that the Cost of PV-electricity in EUR/kWh in Dobrich is lower than
that of Sofia. This is due to the fact that Dobrich has a higher irradiation and produces more

kWh over the lifetime of the investment.

Table 9 gives a static view of the current cost of PV-electricity in Bulgaria based on the
assumptions made. When doing an investment analysis, it is important to understand how
sensitive the costs are to changes in the assumptions. On the cost side, the most important
parameter is the investment cost, as these costs represent a big part of the total costs. The
following table show the difference in cost in EUR/KWh due to changes in investment costs,

all else held constant.
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Table 12 Sensitivity analysis Cost of PV in Bulgaria Euro/kWh

Location Reference Increase of | Increase of | Increase of
situation investment cost | investment costs | investment cost
(investment cost | of 10% of 15% of 20%
3.2 mill Euro)

Sofia 0.153 0.166 0.172 0.179

Dobrich 0.140 0.152 0.158 0.164

As the table shows above, an increase of 20% in the investment costs, leads to an increase in

the cost per kWh with approximately 17% for both locations.

4.2.3 Net Present Value

Changes in investment costs

It is clear that an increase of the investment cost will have an effect on the cost per kWh. To
what extent this effects the viability of the project depends on the income. In Bulgaria there is
a Feed-in System, and the current Feed-in tariff is 0.386 Euro/kWh.

Discounted for the lifetime of the project, using the same formula and data as above, the FiT
is 0.164 Euro/kWh.
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The following table compares the Feed-in tariff with the sensitivity analysis of the cost/kWh.

Table 13 Comparison PV cost with Feed-in Tariff (Euro/kWh)

Location Reference Increase  of | Increase  of | Increase  of | Feed-in
situation investment investment investment Tariff
(investment cost of 10% costs of 15% | cost of 20%
cost 3.2 mill
Euro)
Sofia 0.153 0.166 0.172 0.179 0.164
Dobrich 0.140 0.152 0.158 0.164 0.164

As the table shows, the Feed-in tariff does not cover the increase in costs in Sofia if the

investment costs increase by 10%. However, the investment costs can increase by 20% in

Dobrich, and still the Feed-in tariff will cover the costs.

The following graph also illustrates this.

Graph 8 Comparison PV cost with Feed-In Tariff (€/kWh)

0,200
0,180
0,160
0,140
0,120
0,100
0,080
0,060
0,040
0,020
0,000

€/kwh

Comparison PV cost with Feed-In Tariff

(€/kWh)

 e—t————

o
v

Reference Increase of Increase of Increase of
situation investment cost investment costs investment cost
(investment cost of 10% of 15% of 20%
3.2 mill Euro)

Sofia
Dobrich
Feed-In Tariff

40




Economics of PV

CONTINUING
EDUCATION

CENTER

Another way of showing this is by using the NPV calculations of the whole project. The

following table shows the NPV of the investment project in cases where the investment costs

increase.

Table 14 NPV of investment with increasing investment costs in Euro

Location | Reference Increase of | Increase of | Increase  of | Increase  of
situation investment investment investment investment
(investment | cost of 5% cost of 10% | costs of 15% | cost of 20%
cost 3.2 mill
Euro)

Sofia 271,855 Euro | 111,855 Euro | -48,145 Euro | -208,145 Euro | -368,145 Euro

Dobrich 642,078 Euro | 482,078 Euro | 322,078 Euro | 162,078 Euro | 2,078 Euro

The table above shows that in Sofia, the NPV is negative if the investment costs increase by

10%, which indicates that the project is not viable in this scenario. For Dobrich, the

investment costs can increase by more than 20%, and still the NPV is positive. This can also

be illustrated as in the graph below.

Graph 9 NPV of investment with increasing investment costs (€)
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The graph above illustrates how sensitive the present value of the project is to changes in
investment costs. A fairly small change in investment costs leads to a fairly big drop in the

NPV, which means that the project is sensible to changes in investment costs.

Changes in the Feed-in Tariff

One of the main insecurities when investing in PV in Bulgaria is the Feed-In tariff. As has
been explained earlier and will be explained more in detail in later, the Feed-In tariff in
Bulgaria changes every year, and consists of two parts. One part is set to 80% of the previous
year’s electricity price for end consumers and the other part is a premium decided by
SEWRC. This premium cannot decrease by more than 5% year on year. As was shown in the
above calculations, the investment is viable both in Sofia and in Dobrich, given the reference
assumptions. If the Feed-In tariff is to increase it will only make the investment more
profitable. Since Bulgaria has much lower electricity prices than the EU 27 average, the
likelihood that the electricity prices will rise is high. What will happen to the premium is

uncertain, but it is likely that this will be reduced with the rise in electricity prices.

Although it has proved difficult to actually find literature to support the statement, according
to Mr. Pitzer in Raiffaisen Energy and Environment, apparently the electricity price to the
consumers rose by approximately 17% from 2007 to 2008, which lead to an increase in the
part of the Feed-In tariff decided by the electricity price by 17%. The following table
illustrates the effect on the premium for PV installations greater than 5kWp.

Table 15 Changes in FiT for PV > 5kWp 2008 to 2009

Feed In tariff 2008 (PV | Feed In tariff 2009 (PV
installations > 5kWp) installations > 5kW0p)

80% of el. Price 28.01 €/MWh 32.77 €/ MWh

Premium 341.99 €/MWh 353.23 €/MWh

Feed In Tariff 370 €MWh 386 €/ MWh

The above shows that for PV installations greater than 5kWp, the premium also rose.

According to Mr. Pitzer, for wind the premium actually decreased by 5 %.
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The above illustrates that the fact that the Feed-In Tariff changes every year causes great

insecurities for the investors.
To further emphasise this, the following table shows how the NPV is influenced by a steady

decrease of the FiT over the lifetime of the project when all else is constant (reference

assumptions).

Table 16 Effect on NPV with decreasing FiT

Location 0,25% decrease of | 0,5% decrease of FiT | 1 % decrease of Fit
FiT year on year year on year Year on year

Sofia 195,492 Euro 121,384 Euro -20,377 Euro

Dobrich 558,687 Euro 477,759 Euro 322,950 Euro

The table shows that a decrease will have a significant effect on the NPV of the project. For
Sofia, the NPV cannot even decrease by 1%, while in Dobrich the project is still viable with a
decrease in the FIT by 1%, although the profitability decreases. This fact is also shown by the
following graph.
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Graph 10 NPV of investment with decreasing FiT (€)
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Changes in full load hours and interest rates
In addition to costs and feed-in tariff important insecurities when investing in PV power
plants are the amount of full load hours the power plant will have yearly but also how the

interest rate develops and or the required rate of return on equity.

The system assumptions made above in table 7 and table 8 shows that the assumed average
full load hour per year is 1,179,606 in Dobrich and 1,080,191 in Sofia. The following table
shows the NPV of the projects with changes in full load hours all else held constant.

Table 17 Effect on NPV with changes in full load hours

Location Increase of | Reference Decrease of | Decrease of
average yearly | Situation average yearly full | average yearly full
full load hours load hours with | load hours with
with 5% 5% 10%

Sofia 472,987 Euro 271,855 Euro | 70,722 Euro -130,409 Euro

Dobrich 861,721 Euro 642,078 Euro | 422,434 Euro 202,791 Euro
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The table above shows that an investment in Sofia is more vulnerable for changes in full load

hours than an investment in Dobrich. The graph below also illustrates this.

Graph 11 NPV of investment with changing full load hours
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Further insecurities when investing in PV systems is the development of the interest rate.
Currently the interest rates are very low, but the required rate of return on equity is normally
set fairly high because of the current financial situation. The following table shows the effect

on the NPV of the investments with increasing WACC all else held constant.

Table 18 Effect on NPV with increasing WACC

Location Reference WACC =9% WACC=10% WACC =11%
situation:
WACC =8,45%
Sofia 271,855 Euro 122,321 Euro -123,726 Euro -340,744 Euro
Dobrich 642,078 Euro 476,774 Euro 204,789 Euro -35,097 Euro

Again it is evident that negative changes in the parameters, renders the investment in Sofia

not viable sooner than the one in Dobrich. The graph below supports this.
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Graph 12 NPV with Changing WACC
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Conclusion:

There were several reasons for doing economic analysis of two hypothetic PV power plants in
this paper. One was to show the importance of location of a power plant with regard to solar
irradiation. A second was to visualise the costs and income to better understand the economics
in an investment project, and get acquainted with the actual numbers. Furthermore, the
analyses show the viability of PV projects in Bulgaria and to what extent PV is cost effective,
given certain assumptions and the current support system. All these parameters give a better

basis for understanding the boundaries for a broader deployment of PV in Bulgaria.

As the calculations above showed, both the hypothetic PV power plants are viable in the
reference scenario, but the PV plant in Dobrich gave a more preferential NPV. There are
several concerns when analysing the viability of a PV system in Bulgaria. One is the yearly
change of the FiT, for both existing and planned installations, another is the investment costs,
since they represent the major part of the costs. Furthermore, the insecurities related to the
amount of full load hours and the change in interest rates cause reasons for concern. An
investment in a power plant erected in an area with high solar irradiation will be more robust
for changes in the FiT than one with lower solar irradiation. The same applies in cases where
the investment costs or the amount of full load hours are underestimated. Also for the changes

in interest rates, will an investment in a PV plant with high solar irradiation be less affected.
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These are insecurities developers need to take into account when deciding whether or not to
go ahead with a project. Erecting a PV plant in an area with low solar irradiation is prone to
higher risks than erecting a PV plant in an area with high solar irradiation. The likelihood that
investors do not go ahead with these projects is therefore high. This fact also supports the
statement from the Energy Strategy 2020, where it is estimated that only 10% of the solar

potential will be exploited with the current Feed-In system.
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5 Driving forces and barriers/risks

5.1 Renewables versus fossil fuel and nuclear power

Bulgaria has traditionally been an energy hub on the border between Europe and Asia. This is
a role that the country’s politicians want to keep and make use of. However, in the energy
sector, the main focus is on import of gas and oil and the production of nuclear power rather
than on the utilisation of RES. One reason for this is that although renewable energy sources
have a good potential in Bulgaria, compared to conventional energy and nuclear power, the
costs are fairly high. Due to the gas crisis in January 2009, there was high domestic pressure
for opening one of the decommissioned reactors at the Kozloduy nuclear plant. Greater focus
was also given to the construction of the new Belen nuclear plant. In addition focus is given to
the building of the South Stream pipeline and the Nabucco pipeline to make Bulgaria less
dependent on the pipeline going through Ukraine. This was further emphasised during the gas
crisis in January 2009. This continuing focus on other sources than renewable might be
considered a slowing force rather than a driving force for the deployment of renewable energy
in Bulgaria, and needs to be taken into account when trying to understand the dynamics

behind the energy politics and the focus on renewable energy deployment.

5.2 EU

When looking solely at the broader deployment of renewable energy sources in general and
PV in particular, the main driving force in Bulgaria does not come from within, but rather
from the outside, namely the European Union. Bulgaria is a fairly new EU member, and the
majority of the political forces are pro further European integration. Since the EU has a strong
focus on climate change, the increased use of renewable energy sources in the energy mix and
energy independence, it is in Bulgaria’s interest and Bulgaria is also obliged to contribute.
With the agreed on Climate Package, the European Union has a goal of having 20% share of
renewable energy in the final consumption of energy in 2020. The mandatory target for
Bulgaria is 16% share of renewable energy on the final consumption of energy in 2020
(EREC, 2009). In 2007 the share of RES in final energy consumption was roughly 8%
(Energy Bulletin, March 2009). This means that if Bulgaria is to fulfil it’s obligations, they
have to more than double the current capacity, given that consumption is constant. As has
been described above, the renewable energy sources which are paid the most attention are

wind and biomass. The reason for this is the technical and geographic potentials but also the
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fact that the technologies are closer to cost-effectiveness. For PV, there are great potentials,
but due to the relative high cost, the support needed to get a broad deployment would be

higher than the current Feed-In Tariff and investment support.

5.3 Energy security

An overall goal of the EU is to have energy security, meaning diversifying the energy
suppliers to the EU. This is naturally also the case for Bulgaria as a country, even without the
EU. The vulnerability of the energy system became evident in January 2009, when Russia
stopped the delivery of natural gas to Europe due to a dispute with Ukraine. This “gas crisis”
boosted the focus on the construction of both the South Stream pipeline and the Nabucco
pipeline as alternative gas lines to Europe. Although the likelihood of both these pipelines
being built is low, both of them would go through Bulgaria, and would strengthen Bulgaria’s
status as an important energy centre between the east and the west. Furthermore, there are
continuous work and negotiations regarding the building of a new nuclear power plant, Belen.
Although the present amount of renewable energy sources in use in Bulgaria is relatively low,
the potentials are high. The energy production from renewable energy sources will contribute
to the goal of a higher share of independent energy supply. This is also emphasised in
Bulgaria’s energy strategy until 2020, where new renewable energy sources are to be
prioritised in addition to the refurbishment of hydro power plants. This is the case for
renewable energy sources in general. There is no particular focus on PV, but with the new
renewable energy act where PV is given guaranteed preferential price for 25 years (an
increase from 12 years), there is a signal that PV is an important energy source and the

government wants to attract investors into this technology.

5.4 Export

Since the fall of the Soviet Union, energy intensive industry in Bulgaria has closed down, and
there has become a surplus of electricity which has been exported to neighbouring countries.
Even after the closing down of two units of the Kozloduy Nuclear Power Plant in the
beginning of 2007, Bulgaria is a net exporter of electricity. Any investment in renewable
electricity production will increase Bulgaria’s possibilities of exporting electricity. As has
been mentioned above, Bulgaria has a strategic location in the region and an increase in
electricity export will further add to the importance of the country in the region. The fact that

Bulgaria wants to increase its importance with regard to not only energy transit, but also to
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electricity production and export is definitely a driving force for the broader deployment of

RES electricity production in general. This will necessarily also effect the deployment of PV.

5.5 Attract investors

Bulgaria is one of the countries in the European Union who has the highest share of Foreign
Direct Investments (FDI). In 2007 which was an all time high year, FDI inflows were almost
8.5 billion Euros. Due to the economic slowdown starting in 2008, the FDI have gone down.
Preliminary numbers from 2008 show a decrease compared to 2007, and were 6.1 billion
Euros (Bulgarian Investment Agency, 2009). Although a decrease, this is still a relatively
high number. One of the reasons Bulgaria is a preferred country to invest in is that the
corporate tax is only 10%, and in fact 0% in regions with high unemployment. Furthermore,
operation costs are among the lowest in Europe (Bulgarian Investment Agency, 2009). This
also applies for investments in RES and is definitely a driving force to boost the deployment
of PV as other RES.

The current Feed-In Tariff is, as showed in the economics section, fairly good. A system with
a Feed-In tariff is a good way of attracting not only big companies, but also smaller ones, as
the system is easily comprehensible and give a predictable income. In contrast to a system
with quotas and green certificates where the companies also need to have resources to be able
to trade certificates which in many cases is a challenging task. A system with quotas and
greens certificates will normally benefit larger companies who have resources to put into

electricity trading.

Due to the economic slowdown, Bulgaria’s real estate sector has experienced great
challenges. Entering into the RES business, has therefore been seen as an opportunity for
landowners. This contributes to the deployment of RES and PV as there is more land

available and the prices may be more preferential.

The RES sector is also seen as an opportunity for getting people employed. Bulgaria had a
very high unemployment rate, but this has gone down drastically the resent years. However,
as a consequence of the economic crisis not only in Bulgaria but worldwide, it is expected that

the unemployment rate rises again. Some PV module companies see Bulgaria as a country to
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start making modules, to serve the market in South-East Europe. There are already two

module companies present in Bulgaria.

5.6 Access to the Grid

According to the RES law, renewable energy sources have priority access to the grid. The law
also states that it is the grid operator who is responsible for doing the investments in the net
that are needed. According to SEWRC an estimated investment of € 100-120 million is
needed to be able to connect RES the coming 4-5 years. (Lefkowitz, 2009)

Although the access to the grid is granted according to law, RES actors experience great

difficulties. There are several reasons for this.

One main one is the distribution companies’ lack of planning regarding the additional input of
RES. There are statements about how much money need to be invested in the grids to be able
to receive the new MWs but no transparent and clear plans on how this is supposed to be done
or when. This renders the decision process of investors and developers difficult.

A factor that may talk the network operators’ case is the fact that the RES law states that RES
power is to have priority access to the grid, in addition to a favourable price. Although the
Bulgarian electricity market has undergone liberalisation, the end consumer market is still not
fully liberalised. The price of electricity to consumers is still regulated, and the average price
is much lower than the average end consumer price in the EU 27. In 2007 the average
electricity price in Bulgaria was € 35.02 per MWh (Lefkowitz 2009). The preferential prices
to RES are at the moment quite attractive, but as long as the grid operators do not have the
possibility to pass on the increased cost to the consumers, the incentive of investing in the grid

is weak.

Further to the difficulties of accessing the grid due to lack of investments and capacity in the
net, is the speculative nature of some of the project developers. As mentioned above, there is
no mechanism to rule out speculator from applying access to the net. Today construction
permits and grid connection studies do not expire if the developer does not use his or her
permits within a reasonable time. In a situation where this were the case, the possibility of

ruling out speculators who do not have the necessary financial or technical capabilities would
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be higher. In the current market it is seen that serious developers are blocked due to the

perceived lack of capacity in the net due to some actors in the markets speculative nature.

Another factor that causes challenges regarding grid connection is the nature of renewable
energy rich and renewable energy poor regions. In the current legislation, the grid operator in
RES rich regions bears all the costs relating to grid connection of RES power plants. It is
envisaged that as of summer 2009, the three distribution grid operators are to share the cost

burden of accessing RES to the grid.

The RES act is very favourable to the RES project developers when it comes to the cost
burden of enforcing the grid. A solution to the difficulties of accessing the grid might be a

different cost sharing between the grid operator and the RES power plant investor.

Although the access to the grid is a main risk factor, this is much more the case for bigger

installations that will have a greater impact on the net, compared to smaller ones.

5.7 Current Feed-In tariff
How the feed-in tariff is composed and the fact that it changes every year causes additional

insecurities for the project developers and investors.

Under the current legislation, the Feed-In tariff is made up of two components. One part is the
average electricity price the year before and the other part is a premium set by the SEWRC
depending on the technology. The following example illustrates the effect of these two

components.

Price of PV preferential price 2008-9, for installations with capacity greater than 5kWp was
approximately 0.37 €/kWh (EPIA, 2008) For the period 2009-2010 the tariff for the same size
installations, have increased to 0.386 €/kWh.

The average electricity end-user price for 2007 was € 35.02 per MWh (Lefkowitz 2009).
According to Pitzer in Raiffaisen Energy and Environment, the electricity price rose by 17%
from 2007 to 2008 to € 40.97 per MWh.
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The base component of the Feed-In Tariff 2008-09 equals € 28.01 per MWh, and the base
component of the Feed-In Tariff 2009-10 equals € 32.77, calculated as 80% of the average

electricity end-user price for 2007.

Graph 13 Feed- In tariff for PV installations 2008-2010
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As the graph above illustrates, the share of the feed-in tariff influenced by fluctuations in the

electricity price is very small. So the fact that the electricity price has grown steadily the last

years, does not have a significant output on the Feed-In tariff. The premium on the other hand

represents most of the feed-in tariff, and although the premium for PV installations increased
from the 2008-2009 period to the 2009-2010 period this element is subject to the most

uncertainty year-on-year. According to the Bulgarian RES law, this element cannot be

reduced by more than 5 % yearly, but 5% might be quite significant. The following graph

illustrates a case where the electricity price stays constant, but the premium is reduced by 5%

two years in a row.
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Graph 14 Declining Premium in Feed-In Tariff, using 2009-2010 tariff as reference
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To what extent the above illustration is realistic is uncertain, but it shows that fluctuations in
the premium, is much more significant than fluctuations in the electricity price. In addition,
although the premium is to be set according to certain criteria, which way the premium goes is

uncertain as it is administratively decided.

As stated earlier, a new market mechanism for introducing RES in the energy mix in Bulgaria
is set to be developed by 2010. A system with quotas and green certificates is envisaged.
Since PV technology is much more expensive than other state of the art technologies, one
might envisage a continuation of the Feed-In Tariff for this technology. To what extent this

will be the case is uncertain.

5.8 Currency Risk

Bulgaria introduced as of 1. July 1997 a currency board. The reasons for introducing a
currency board was that a currency board offered a solution to the crisis that peaked in late
1996, where the inflation was high, the central bank lavishly lent money to banks, and the
interest rates on government debt was excessively high. Under the currency board, the central
bank would lose its discretion to act, and inflation and real interest rates would drop toward
the levels of those in the country issuing the anchor currency. It was decided that the Lev
would be pegged to the Deutsche Mark with a fixed exchange rate of 1 000 Lev to 1 DM.

With the introduction of the Euro, the Lev was pegged to the Euro with an exchange rate of
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1 Euro = 1,9558. The more credible policy environment was argued to provide a better

framework for stability and growth.

Currency Board
A currency board combines three elements: a fixed exchange rate between a country's
currency and an "anchor currency,” automatic convertibility, and a long-term commitment to

the system, often made explicit in the central bank law (IMF, 1999)

A currency board is credible only if a country's central bank holds sufficient official foreign
exchange reserves to cover at least its entire monetary liabilities. By holding enough exchange
reserves, the financial markets are assured that every domestic currency bill is backed by an
equivalent amount of foreign currency, thus guaranteeing that liquid money can easily be

converted into a major foreign currency.

Advantages of a currency board are economic credibility, low inflation, and low interest rates.
But currency boards can prove limiting, especially for countries that have weak banking
systems or are prone to economic shocks. With a currency board in place, the central bank
cannot serve as a lender of last resort for banks in trouble. It is limited to act as an emergency
fund that is either set aside at the time the currency board is introduced or funded, over time,
out of central bank profits. Another disadvantage is that, it is not possible to use financial
policies, adjusting domestic interest or exchange rates to stimulate the economy. Instead,

economic adjustment can be achieved only through wage and price adjustments (IMF, 1999).

Economic Slowdown

Bulgaria is no exception when it comes to being hit by the resent economic slowdown. The
past years there has been an almost exponential growth in the economy largely contributed by
foreign direct investment. The increase in bank lending also led to an increase in consumption
which brought the Current Account deficit up to 25% of GDP (NECA, 2009).

Because this deficit was offset by Capital Account flows (foreign investments) the country’s
dependency on foreign cash increased. In a situation where the foreign financing is getting

more difficult, the Current Account deficit level is not sustainable.
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Since Bulgaria has a currency board regime, the central bank has limited possibilities of
adjusting the situation. For example, the central bank can only increase the money supply to
fund deficits, when it has coverage in foreign exchange reserves. | addition, the only money
available for the government to spend are the fiscal reserves, which are the government's
savings accumulated from prior unspent budget surpluses. A large share of the fiscal reserve
account (FRA) is kept at the central bank as a government deposit, and is part of the foreign

exchange reserves.

According to the New Europe Corporate Advisory, the Bulgarian government spend 2 billion
EUR from the fiscal reserve in less than six weeks (from November 14th to December 23rd,
2008). This amount represents more than a fifth of the total foreign exchange reserves at the
Bulgarian National Bank (BNB) and this poses a significant risk to BNB's capacity to
maintain the currency peg to the euro. The larger the foreign exchange reserves at the central
bank, the bigger the cushion against financial disaster in Bulgaria (NECA, 2009).

The New Europe Corporate Advisory (NECA) has been monitoring the economic situation in
Bulgaria. The following section is base on their analysis of the Bulgarian economy “Bulgarian
Brink”, published 28 April 2009.
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The main feature of the Bulgarian Currency Board is the amount of foreign exchange reserves
and the fiscal reserve. In the graph above, the total foreign exchange reserves includes the
fiscal reserve. It is typical to see a downward trend at the end of the year, but in the case for
Bulgaria, the downward trend has continued into 2009. This downward trend can be explained
by the government’s use of fiscal reserves to help against the financial crisis in the country.

The overall drop of the FX reserves since the beginning of 2009 is more than 8%.

Graph 16 Forex reserves / Money supply ratio
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As stated above, a main component in a currency board regime is the foreign exchange
reserves in the national bank. The graph above shows the foreign exchange reserves to money
supply ratio. How many times the foreign exchange reserves cover the money supply, is a
measurement for how "healthy" the currency board is. Currently the Bulgarian National Bank
(BNB) holds more than enough reserves to comfortably cover the most liquid money supply
(mainly banknotes and coins in circulation) (NECA, 2009). However, Bulgaria has a
fractional-reserve banking system, and the foreign exchange should be able to cover all
foreign exchange liabilities - not only for the total local currency in circulation, but also the
money created through the multiplier of the bank loans (M2). The graph shows that it was
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only recently when the foreign exchange reserves actually rose above the M2 (BGN only)

levels.

Graph 17 FX reserves / CA deficit coverage
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The foreign exchange reserves to Current Account deficit coverage represents how many
more months the foreign exchange reserves can last at the present levels of the reserves and
Current Account. It is cyclical in nature, but the average is 18 months. Although the foreign
exchange reserves have decreased during the last months, the graph above shows that the
foreign exchange reserves to Current Account deficit has not. There might be several reasons
for this, but one is that imports are less costly due to the decline in petrol and commodity
prices. Another is that the Current Account deficit has declined faster than the foreign
exchange reserves. This might be due to the fact that imports have fallen because of less

activity in all sectors both industry and household consumption.

Although the foreign exchange reserves to current account deficit ratio has improved, the

deficit presents a threat to the macroeconomic stability of the country.

58



Driving forces and barriers/risks o

The currency risk was not something that was seen as a big challenge only one year ago. Due
to the current financial slowdown this is one of the main insecurities investors see when they
are looking into new markets. What the likelihood is, that the Bulgarian Currency Board will
collapse is quite uncertain. Although there definitely is a risk present, most analysts that have
been contacted when working on this paper has expressed that they do believe that the
currency board will hold.

5.9 Other risk factors

Bureaucratic processes.

Probably one of the greatest challenges in addition to the ones mentioned above is the
administrative challenges when developing RES projects in Bulgaria. According to Rumen
Christov (Christov, 2009) the amount of time and resources that was set aside to be able to get
the first 1 MW PV installation in Bulgaria up and running was a lot. The paperwork, the
documentation, the visits and the signatures needed was not in accordance with the size and
the complexity of the power plant. Part of the explanation was given to the fact that this was
the first time for this size power plant not only for the developers but also for the public
administration and grid operators. One could envisage that as more projects are being
completed, the processes are being streamlined. It does underline however the importance of
understanding the Bulgarian culture and administrative procedures when wanting to enter the

market. Choosing the right local partner is of high importance in this regard.

Elections

As for any country a before elections, insecurities of what will come out of the elections arise.
As there is more or less consensus among all the political parties that further EU integration is
important and the fact that Bulgaria has to comply with EU decisions, energy policy will
continue to be influence by ambitious EU goals. To what extent a change in government will

result in change of political influence in the energy sector is uncertain.
Land rights

More than 60% of Bulgaria’s territory is arable land, which leaves the possibility of finding a

suitable spot for PV power plants possible. As mentioned earlier, in Bulgaria as in other East
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European Countries, private land was expropriated by the state during the communist era.
After the fall of the Soviet Union, land has been given back to the original owners. One of the
most important issues when acquiring land - whether it be through a leasing contract (which is
the most common) or through purchase- is to go back roughly 10 years in time to check the
line of ownership. This takes time and resources as there are many documents to go through
and check.

Corruption

On Transparency International’s Corruption Perception Index 2008, Bulgaria is ranked as
number 72 with 3.6 points. This is the lowest score among the EU 27 countries. The EU 27
average is 5.5, ranging from 9.3 to 3.6. To what extent personal incentives of key people
influence the decision has not been part of the analysis, but it is clear that a high level of

corruption will be an important barrier for the deployment of PV in Bulgaria.
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6 Summary and Conclusions

Investing in renewable energy currently has a high focus in media and in governments around
the world. The EU has set a target of reaching 20% share of renewable energy in the final
consumption by 2020. This pushes the EU members to implement laws and regulations to
promote the deployment of renewable energy sources. Bulgaria is no exception in this regard,
and has since 2006 an act on renewable energy sources which was amended in 2008 to further

stimulate investments.

The core objective in this Master Thesis was therefore to make an investigation of the crucial
boundary conditions for a broader market deployment of PV in Bulgaria.

The following questions were sought answered:

What are the potentials of PV in Bulgaria?

e IsPV currently cost-effective?

e What are the driving forces behind the development of Photovoltaics for

electricity generation in Bulgaria?

e What are the main current barriers/risks for (potential) investors/project

developers into Photovoltaics?

The main conclusions are:

The potentials of PV in Bulgaria are high. Due to the geography and the solar irradiation the
technical potential is high. Because of the relative high cost of solar power systems and the
level of the Feed-In tariff, the economic potential is substantially lower. According to the
Energy Draft 2020, only 10% of the solar power potential will be exploited under the current

Feed-In level.
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The economic calculations performed for Sofia and Dobrich showed that given certain
assumptions, PV is currently cost effective in both the locations chosen. However in slight
changes in investment costs, Feed-In tariff, interest rate and full load hours, the parameters
which is assumed to be the most important ones, the PV system in Sofia would fairly quickly
become non-viable, with a negative NPV.

In an energy system and in a country there will always be a multitude of driving forces behind
a certain policy. Having pointed that out, it is safe to say that the main driving force behind
the Bulgarian focus on renewable energy is the European Union and the newly decided on
Climate Package. According to this package the RES share in Bulgaria’s final energy
consumptions should reach 16% in 2020. Currently it represents only about 8%. Other driving
forces are the goal of diversifying the energy sources to become less dependent on other
countries’ supply of energy. Furthermore electricity is an export commodity in Bulgaria and
further electricity generation will strengthen the country’s importance in the region. Finally
the Renewable Energy sector is a sector which attracts investors to the country and which is
important for the creation of jobs and the development of industry. There is no special focus
from the government side on PV for electricity generation in comparison to other renewable

energy sources.

Contrary to the driving forces, there are risks acquainted to establishing a PV plant in
Bulgaria. One main obstacle is the access to the grid. The electricity net in Bulgaria is fairly
well developed, but investments need to be made in order to be able to attach new capacity,
especially on the distribution nets. Although there is a law stating the obligations for both the
operator of the net and the project developer, developers have difficulties accessing the net.
Furthermore the current Feed-In tariff is subject to great uncertainty, as it is subject to a yearly
change. A fairly new risk in the Bulgarian market is the currency risk. Bulgaria has a currency
board and the Lev is pegged to the Euro with a fixed exchange rate. In normal circumstances
this is a good thing for foreign investors, but because of the economic slowdown, there is an
increased concern to what extent the currency board will hold. According to people

interviewed they believe it will hold.
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CENTER

Bulgaria is definitely a country with great potentials in renewable energy sources, and PV in
particular. The question to answer is not necessarily whether or not to invest, rather when.
One might think that the Bulgarian market is still immature for bigger PV power plants, on

the other hand it is by investing the market becomes mature.
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