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Power generation from offshore wind resources brings forward a significant potential for energy system decar-
bonization and regional economic growth through the establishment of supporting activities, green employment
opportunities and the development of port infrastructure. Moreover, marine energy technologies complement the
variable character of other renewables such as solar photovoltaics, onshore wind and hydropower making them
suitable for providing steady baseload power. Yet, Bulgaria is the only EU country with access to sea, which has
not tried to take advantage of this low-carbon and competitive form of energy.

This study assesses the technical and economic potential of the Bulgarian Exclusive Economic Zone in the Black
Sea identifying favorable deployment areas for offshore wind power generation. The data demonstrates that 26
GW out of total 116 GW technically feasible capacity could be utilized in shallow waters by mature bottom-fix tech-
nology concept with capacity factors in the range of 40 — 48 per cent. Even if a fraction of this threshold could be
harnessed, offshore wind could play a transformational role in meeting and exceeding the 2030 national renewable
energy targets. It would contribute to the establishment of a regional value chain part of a completely new indus-
trial profile for the country in line with the goals for a low-carbon Europe in the European Green Deal. Based on
expert interviews and desk research, the study discusses the main obstacles to the utilization of offshore wind ener-
gy and formulates recommendations for future policy actions. The analysis touches upon important pre-conditions
such as availability of supporting infrastructure, regional cooperation, and the coexistence between offshore wind
energy and all the other ecological, economic, and societal interests.
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EXECUTIVE SUMMARY

REPORT HIGHLIGHTS

® Bulgaria has unutilized technical offshore wind potential of 116 GW.

* 26 GW could be realized by mature bottom-fix technology.

e Capacity factors in the range of 40 — 48 % are achievable.

® Theaverage cost for a unit of generated electricity from bottom-fix installations
is estimated at EUR 62-90/MWh.

e The average cost for a unit of generated electricity from floating installations
is estimated at EUR 120-158/MWh.

¢ The offshore energy industry could have a significant contribution for local
communities in terms of highly-skilled job creation as well as for the forma-
tion of new technological clusters.

® The transformation of the two largest Bulgarian ports (Varna and Burgas) to
decarbonization hubs would support offshore wind industry formation.

e Current national strategic document roadmaps fail to recognize the potential
of Bulgarian maritime territories for the decarbonization of the energy sector.

® The lack of strategic orientation towards offshore wind energy development
reflects on maritime spatial planning and grid development roadmaps.

e Infrastructural improvements as well as administrative and regulatory
changes are necessary for opening the door for future investors in the offshore
wind energy sector.

* TFinancial mechanisms of the European Green Deal offer timely opportunity
for financing the pre-conditions of the formation of a regional offshore wind
energy industry in Bulgaria.

key medium-term pathway for the better integration of renewa-

ble energy sources in the electricity generation sector in Bulgaria

is the development of the country’s significant wind potential in

line with policy priorities in Europe. Large-scale deployment of
wind energy in the Bulgarian territorial waters of the Black Sea coast could
contribute to the implementation of the country’s main energy transition ob-
jectives. Offshore wind will stimulate low-carbon economic development,
the uptake of competitive and secure energy and the reduction of the coun-
try’s dependence on energy imports. This will help reduce carbon emissions
from coal and natural gas-fired power plants and will also ease the burden of
balancing the electricity system. Offshore wind power might improve energy
security by strengthening the balancing capacity of the electricity system,
especially during off-peak hours, and by reducing the need to use baseload
generation that has a higher emission factor.

The current study assesses the technical offshore wind energy potential in the
Bulgarian section of the Black Sea at roughly 116 GW. Around a fifth of this
capacity or 26 GW could be realized by mature bottom-fix technology concept
and the rest via floating power plants. Although offshore wind remains rela-
tively more expensive than other conventional and renewable power plants,
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the study estimates the cost for unit of generated electricity for bottom-fix
installations at EUR 62-90/MWHh, which is likely to be competitive at the av-
erage power market prices in the next 10 years. In peak demand periods,
electricity prices already exceed EUR 90/MWh and average yearly prices are
expected to reach around EUR 70/MWh by 2025 if not earlier.

The study has identified four areas as suitable for potential project develop-
ment of offshore wind energy in the Bulgarian Black Sea exclusive economic
zone (EEZ):

¢ Area 1: Shabla/Romanian maritime border — close to the shoreline with a
distance of up to 30 km to the coast of Shabla, a town and seaside resort in
Northeastern Bulgaria. This Black Sea section is distinguished by the best
wind resource and largest plot size (435 km?) out of all four areas. Wind
speeds hover between 7.6 and 8 m/s at a 150 m height.

* Area 2: Varna - the smallest area, only 40 km?, but in the immediate prox-
imity of the town of Varna, an important economic centre with two in-
dustrial zones, an airport, and a seaport. Because of the industrial power
demand available near the area, offshore wind projects could be devel-
oped as part of a larger low-carbon industrial restructuring process. Al-
though the initial technical potential has been calculated at 400-500 MW
with wind speeds between 7.2 and 7.4 m/s, only a small fraction could be
utilized due to the intense marine traffic in the area.

* Area 3: Obzor - located near the town of Obzor, which is about 30 km by
sea to Burgas, the second largest town on the Black Sea coast in Bulgaria.
The area is large, 125 km?, suitable for fixed installations at water depth of
15-35 m. Based on wind speeds in the range of 7.5 and 79 m/s at 150 m, its
technical capacity is assessed between 1.2 and 1.5 GW. Conflicts with cur-
rent navigation routes reduce the technical potential of full deployment.

* Area 4: Turkish maritime border — it is far away from the shore located on
the maritime border with Turkey. The main reason to pre-select this plot
is its proximity to a planned high-voltage DC (HVDC) submarine cable
connecting Romania and Turkey. The area itself occupies 200 km? up to
400-1000 m sea depth. The wind conditions are moderate with 7.2-7.3 m/s
at 150 m height. It provides a potential opportunity for the development of
floating-platform-based wind parks in the time horizon after 2030.

The deployment of offshore wind depends to a very high extent on the avail-
ability of corresponding infrastructure. Any potential new project would
require connection to a high voltage transmission grid. According to this pre-
liminary analysis, the national transmission grid has the available capacity to
accommodate up to 4 GW in new energy projects in the region.

The financial mechanisms of the European Green Deal provide ample oppor-
tunities to finance new business strategies for the transformation of the two
largest Bulgarian ports (Varna and Burgas) into decarbonization hubs based
on offshore wind energy. Shipbuilding companies as well as industrial zones
located near the harbors could benefit from low-carbon energy supply and
later attract new renewable energy investors.
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Pre-Selected Prospective Areas for the Deployment of
the Offshore Wind Projects in Bulgaria

AREA 2:
Near Varna
Area: 40 km?

Technical Capacity: 400-500 MW
Wind Speed: 7.2 - 7.4 m/s at 150 m
Water Depth: 10-22m

AREA 1:
Near Shabla
Area: 435 km?
Technical Capacity: 4.3 -5GW
Wind Speed: 7.6 - 8.0 m/s at 150 m
Water Depth: 10 - 60 m
Distance to Shore: 1 - 30 km

AREA 3:
Near Obzor

Area: 125 km?
Technical Capacity: 1.2 - 1.5 GW

Wind Speed: 7.5 - 7.9 m/s at 150 m

Water Depth: 15-35m

AREA 4:
Turkish Maritime Border
Area: 200 km?
Technical Capacity: 2.0 - 2.5 GW
Wind Speed: 7.2 - 7.3 m/s at 150m
Water Depth: 400 - 1000 m

Source: CSD.

Despite the EU 2050 strategy and policy focus on offshore wind, the Bulgarian
government has so far failed to develop an appropriate strategic, policy, reg-
ulatory and market framework for supporting offshore wind projects as part
of the country’s long-term energy documents. The utilization of the offshore
wind energy potential outlined in this report and in the EU strategic outlook
requires that Bulgarian policymakers implement a consistent and well-co-
ordinated policy strategy and initiate a range of regulatory adjustments.
The Bulgarian government should urgently align the policy and regulato-
ry framework to offshore wind development opportunities, by addressing
the unclear procedures for spatial planning, licensing, grid connection, sub-
sequent decommissioning at the end of the facility’s operational lifetime as
well as the underwhelming economic incentives for potential investors. The
adoption of specially designed and focused legislative and regulatory acts for
offshore wind development following the example of Romania and Poland
needs to be among the top priorities in the Bulgarian "Fit for 55" policy agenda.



14



INTRODUCTION

The development of a consistent, long-term decarbonization strategy in line
with the European Green Deal has so far lacked political clarity and cohesion
in Bulgaria. This has stalled efforts to promote the large-scale diffusion of
renewables. Wind energy could play a major role for future energy system
transformation in the country and the achievement of national low-carbon
energy targets.

In 2021, Bulgaria has only 0.7 GW of installed onshore wind capacity. The
National Energy and Climate Plan (NECP) foresees to raise it moderately to
0.89 GW by 2030.' The NECP does not even consider any offshore wind ad-
ditions. The modelling assessment linked to the document envisions the ad-
dition of 3.35 GW of installed capacity in onshore wind parks until 2050. This
is still just about 40 per cent of the full technical onshore wind potential esti-
mated most recently by the Green X model.? The offshore potential in the ex-
clusive economic zone of the Bulgarian Black Sea coast remains understudied,
leaving a critical gap in the country’s long-term renewable energy strategy.’

In November 2020, the European Commission unveiled the EU Strategy on
Offshore Renewable Energy,* considered to be one of the pillars of the Euro-
pean Green Deal. The document sets high deployment ambitions estimating
the potential of the European seas at 60 GW installed wind capacity by 2030
or five times higher than the currently realized projects. The total installed
offshore wind capacity could reach 300 GW by 2050. These numbers suggest
large volumes of low-carbon offshore electricity essential for the decarboni-
zation of the European energy sector as well as a way to provide a variety of
zero-carbon opportunities for industrial development.

The strategic document showcases a strong commitment for the development
of the European marine energy sector and recognizes the role of the Black
Sea with its natural potential for unlocking the enormous renewable ener-
gy potential in Southeast Europe. Concrete numbers and objectives are still
missing in the EU prospects. Yet, these first steps in highlighting the Black
Sea offshore wind potential offer direction for regional policy planning, for
research activities, and for initial project opportunity screening in Bulgaria
and Romania.

The World Bank assessed the technically viable wind energy potential of the
Black Sea at 435 GW.’ It reveals that 26 GW of offshore wind plants could be
realized using a mix of fixed and floating platforms in the Bulgarian economic
zone once the technology is cost-competitive and no physical constraints or

! Bulgarian Ministry of Energy, Ministry of Environment and Water, Integrated Energy and
Climate Plan of the Republic of Bulgaria 2021-2030, 2020.

2 Szabo, Laszlo et al., SEERMAP Bulgaria country report, September 2017.

3 Ibid, the Green X model has provided a rough estimate for the offshore wind potential in
Bulgaria of 1,2 GW without consideration of technical (power system) or water use limita-
tions due to environmental restrictions.

4 European Commission, EU strategy on offshore renewable energy, November 2020.
5 World Bank, Offshore Wind Energy Potential in the Black Sea, Washington, D.C., March 2020.


https://ec.europa.eu/energy/sites/default/files/documents/bg_final_necp_main_en.pdf
https://ec.europa.eu/energy/sites/default/files/documents/bg_final_necp_main_en.pdf
https://csd.bg/publications/publication/seermap-bulgaria-country-report/
https://ec.europa.eu/energy/sites/ener/files/offshore_renewable_energy_strategy.pdf
http://documents1.worldbank.org/curated/en/718341586846771829/pdf/Technical-Potential-for-Offshore-Wind-in-Black-Sea-Map.pdf
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logistical restrictions are in place. Indeed, seabed fixed wind power installa-
tions as mainstream technology could deliver the cheapest electricity gener-
ation as early as 2022.° Floating offshore wind turbines are still used only in
pilot and demonstration projects’ but due to continuous technology improve-
ments and dynamic learning curves, offshore wind costs are declining at a fast
pace and at greater magnitude.

The level of technology development determines the future tipping point at
which marine energy would begin to attract the attention of investors and
developers in Bulgaria as well. The World Bank assessment reveals that at the
current stage just a few, small areas in the Northern part of the national sea
shelf are feasible at sea depths of up to 50 m and locations close to the shore.
Floating platforms could increase the average capacity factors® and improve
access to additional wind resources at water depths exceeding 50 m. Different
sources under varying assumptions evaluate technical wind energy poten-
tial could go up to as much as 62 GW.

This study aims to enrich the existing knowledge about offshore wind energy
in Bulgaria by providing assessment of its technical and deployment potential
considering nation-specific data. It seeks to identify key bottlenecks and rec-
ommends policy action for tackling barriers before the future deployment
of offshore wind technology. The document consists of six sections (includ-
ing the introduction) and appendixes. Section two describes the methodolog-
ical approach applied and the complemented industry-average parameters
which provide the base for the assessment. Section three justifies the selec-
tion of four potential deployment areas for which the technical and economic
potential is evaluated based on public spatial and resource data and expert
interviews with representatives of academia, national wind energy industry,
regional and environmental NGOs as well as local planners. Expert consul-
tations contributed to the identification of important challenges and hurdles
which sections four and five address. Section six concludes the study with
a list of policy recommendations meant to support a swift and sustainable
development of offshore wind power in Bulgaria, in line with national renew-
able energy targets and the EU strategy.

¢ World Bank, Going Global: Expanding Offshore Wind To Emerging Markets, Washington, D.C.,
November 2019.

7 IEA, ETP Clean Energy Technology Guide, 2020.

8 The capacity factor defines the ratio of an actual electrical energy output over a given period
to the maximum possible electrical energy output under the assumption that the particular
installation operates continuously at full capacity. The ratio provides a base for the calcu-
lation of the productivity of the potential offshore wind farms in the observed climate and
geographic areas.


http://documents.worldbank.org/curated/en/716891572457609829/Going-Global-Expanding-Offshore-Wind-To-Emerging-Markets
https://www.iea.org/articles/etp-clean-energy-technology-guide
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Review of Existing Data and Assessments

The technical potential is the upper limit of the maximum power that can be
generated in a certain region with a chosen technology and given land use. In
this report it refers to all territorial waters within the exclusive economic zone
of the Republic of Bulgaria. The technical potential does not consider econom-
ic feasibility considerations, conflicts of use or environmental regulations.
Its main determinants in the case of offshore wind are wind speed, turbine
height and water depth.” Only a portion of the technical potential will trans-
late into actual investment projects in territories, where developers can obtain
a consent to build. This is called locational potential and it represents areas
of the seabed that are available and suitable for offshore wind development.
The next step of the assessment would be to estimate the economic poten-
tial, identifying the available resources within the boundaries where offshore
wind can be developed at a competitive cost. If additional regulations such
as distance to shipping lines, gas and oil pipelines/platforms or submarine
cables are considered, the assessment calculates the actual deployment po-
tential. The latter is a small fraction of the overall technical potential.’

Table 1. Results and Assumptions of Previous Studies on Technical Wind Offshore Potential in Bulgaria

World Bank!!

JRC, ENSPRESO
Database!?

Bulgarian NECP"
GREEN-X Model

2019

2019

* Only selected areas considered

e Water depth up to 50 m — fixed

e Water depth up to 1000 m - floating
e Distance from shore — up to 200 km
* Wind speed at approx. 7 m/s

* Low restrictions 24.4 38.4 62.8
® Sea depth up to 60 m — fixed

e Water depth up to 1000 m — floating

e Capacity Factor > 25%

No prospects for development, no potential estimated

1.2 GW in fixed-platform offshore wind potential based on GIS modelling without consideration
of technical (power system) constraints but with sea use limitations

9 Additional assumed restrictions on water use could lead to large variations in the technical
potential.

10 World Bank, Going Global: Expanding Offshore Wind to Emerging Markets, Washington, D.C.,
November 2019.

" World Bank, Offshore Wind Energy Potential in the Black Sea, Washington, D.C., March 2020.

12 Ruiz Castello, P. et al,, “ENSPRESO - an open, EU-28 wide, transparent and coherent data-
base of wind, solar and biomass energy potentials,” in Energy Strategy Reviews, Vol. 26 (2019)
100379, ISSN 2211-467X (online), JRC112858.

B Bulgarian Ministry of Energy, Ministry of Environment and Water, Integrated Energy and
Climate Plan of the Republic of Bulgaria 20212030, 2020.


http://documents.worldbank.org/curated/en/716891572457609829/Going-Global-Expanding-Offshore-Wind-To-Emerging-Markets
http://documents1.worldbank.org/curated/en/718341586846771829/pdf/Technical-Potential-for-Offshore-Wind-in-Black-Sea-Map.pdf
https://www.sciencedirect.com/science/article/pii/S2211467X19300720?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211467X19300720?via%3Dihub
https://ec.europa.eu/energy/sites/default/files/documents/bg_final_necp_main_en.pdf
https://ec.europa.eu/energy/sites/default/files/documents/bg_final_necp_main_en.pdf
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Table 1 summarizes the results and the underlying assumptions found in the
available studies on the offshore wind energy potential of Bulgaria, namely
the Joint Research Centre (JRC) database ENSPRESO, the offshore wind map
of the World Bank and the GREEN-X GIS based model.

Estimates of the Technical Potential

So far, a full feasibility study of the Black Sea’s offshore wind potential for
Bulgaria based on variable air density as a function of temperature, pressure
or water content has not been done. While the North and the West of the Black
Sea have been evaluated to have the strongest wind potential, new studies™
concluded that location selection criteria other than wind speed must be con-
sidered for successful utilization of wind power potential. This section builds
upon existing research considering public climate and spatial data as well
as the knowledge of local experts in order to analyze economic feasibility of
offshore projects in Bulgaria. Potential technical, economic and regulatory ob-
stacles are subsequently discussed.

The methodological approach adopted by the study corresponds to the one
described by Breiter et all.”® First, the entire geographic area within the Bul-
garian EEZ boundaries is measured using GIS/ Global Wind Atlas.' The fol-
lowing technology exclusion filters are applied on the estimated gross poten-
tial resource:"”

1. Exclusion of areas with wind speeds less than 7 m/s measured at 150 m.
Both previous studies assumed a 100 m turbine height and corresponding-
ly cut off larger areas where the minimum of 7 m/s wind speed is not pres-
ent and net capacity factors higher than 30 per cent cannot be achieved.
Considering the technology development trend, a turbine height of 150 m
is suitable in this assessment.

2. Fixed foundation offshore wind is considered technically viable where
there are average wind speeds of more than 7 m/s and water depths less
than 60 m.'*®

3. Floating wind energy is considered viable where there are wind speeds of
over 7 m/s and water depths — between 60 m and 1,000 m.

4. Zones without 150 km from the shore are excluded based on average dis-
tance to the coast of installations put into operation in the last 20 years.”

Agrin, M., and Yerci, V., “Offshore wind power potential of the Black Sea region in Turkey,”
in International Journal of Green Energy, vol. 14, issue 10, 2017, pp. 811-818.

15 Beiter, P. et al., Terminology Guideline for Classifying Offshore Wind Energy Resources (Technical
Report), 2016, NREL/TP-6A20-65431.

16 Global Wind Atlas 3.0, a free, web-based application developed, owned and operated by the
Technical University of Denmark (DTU). The Global Wind Atlas 3.0 is released in partner-
ship with the World Bank Group, utilizing data provided by Vortex, using funding provided
by the Energy Sector Management Assistance Program (ESMAP).

17 Gross resource potential refers to the total recoverable resource potential within the bound-
aries of the Bulgarian EEZ without considering environmental, logistical and technology
limitations as well as conflicts with other maritime activities.

8 TEA, ETP Clean Energy Technology Guide, 2020.
1 Fraunhofer IEE, Windmonitor, Online database, 2020.


https://www.researchgate.net/publication/317160897_Offshore_Wind_Power_Potential_of_the_Black_Sea_Region_in_Turkey
https://www.nrel.gov/docs/fy16osti/65431.pdf
https://globalwindatlas.info
https://www.iea.org/articles/etp-clean-energy-technology-guide
http://windmonitor.iee.fraunhofer.de/windmonitor_en/4_Offshore/2_technik/2_Kuestenentfernung_und_Wassertiefe/
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Figure 1. New Turbine Installation by Average Distance from Coast
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Source: |EA (2019).

Further restrictions are applied on the resulting geographic area due to con-
flicting use, such as:

Restrictions due to security and logistical issues: Some areas need to
be excluded because they comprise national marine sanctuaries, marine
protected areas, shipping and towing lanes, subsea cables, as well as off-
shore platforms and pipelines. The study has assessed existing navigation
charts® to exclude areas with military bases, heavy marine traffic due to a
proximity to shipping lanes, offshore platforms, and pipelines.” Accord-
ing to the national maritime spatial planning navigation routes are subject
to future relocation, however, their area size is assumed to remain the
same which would not impact the assessment.

Restriction due to environmental protection: The total protected area of
the Bulgarian maritime territory is 2477 km??> Over 80 per cent of the ex-
tra-settling areas along the coastline are also under environmental protec-
tion. Furthermore, it is highly likely that the selected areas will be locat-
ed on the path of migratory birds or to represent wildlife refuges, which
might require a detailed biodiversity impact assessment, as well as the
installation of radar devices that will alert the plant operator of incoming
bird flocks. Nevertheless, wind risk assessment maps are not existent for
the Bulgarian maritime territories, thus limitation have been applied on
the technical offshore resource capacity’ calculations only considering
Natura 2000 protected zones.?

Finally, any potential offshore wind areas need to be reduced following
the conducting of a study of the seabed for the presence of man-made
objects such as undersea cables, pipelines or the existence of archeological
artefacts and coral reefs (e.g. mussel colonies in the case of the Black Sea).

20

21

22

23

Screenshots of Navionics electronic charts, based on official data as well as on other sources,
have been used as layers for the creation of the maps under Appendix III and IV. The ob-
tained maps are not for navigation purposes. For more information visit Navionics.

In general, offshore wind platforms could be situated close to marine navigation routes with
at least 500 m of separation.

Bulgarian Ministry of Environment and Water, General information about Natura 2000 Net-
work, 2021.

The electronic charts of Natura 2000 Network Viewer by the European Environment Agency
have been obtained for the localization of zones protected under Natura 2000.


https://www.iea.org/reports/offshore-wind-outlook-2019
https://www.navionics.com/
https://www.moew.government.bg/bg/priroda/natura-2000/natura-2000-v-bulgariya/obsta-informaciya-za-ekologichnata-mreja-natura-2000/
https://www.moew.government.bg/bg/priroda/natura-2000/natura-2000-v-bulgariya/obsta-informaciya-za-ekologichnata-mreja-natura-2000/
https://natura2000.eea.europa.eu/
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The technical offshore wind resource capacity is calculated as function of
the restricted area, wind turbine density and turbine’s nominal power gener-
ation capacity. Optimum spacing will vary with atmospheric conditions. For
projects realized in European seas, capacity density is highly dependent on
policy frameworks and offshore regulations, space resource and wind speed.
For recently built turbines it varies within the band 10-15 MW. Considering
nominal density averages of wind farms commissioned after 2015*, this study
assumes nominal array power density equal to 10 MW/ km? in further calcu-
lations. Table 2 outlines total technical offshore wind resource capacity in the
Bulgarian EEZ, while section 3 of the document investigates in more detail
suitable areas for its utilization.

Table 2. Technical Offshore Resource Capacity in the Bulgarian EEZ

Bottom-fix and
floating platforms

Only bottom-fix
platforms

Source: CSD.

Military bases, shipping lanes and areas at water
depth > 1000 m

77.5 GW 116 GW

Military bases, shipping lanes and areas at water

depth between 10 m and 60 m 26GW

Input Parameters for
the Economic Feasibility Assessment

Based on international benchmarks for offshore wind capital expenditures,
this assessment aims to provide an approximate estimate for the levelized
cost of electricity (LCOE) and the size of the total investment considering the
above-calculated potential. The analysis includes a general discussion of fea-
sible technological solutions, and their potential costs.

Offshore wind capital investment expenditures (CAPEX) include project
management, development and engineering expenditure, environmental, so-
cial, and coastal impact assessments, seabed surveys, technology equipment
and installations, balance of plant components and (de)commissioning.

The wind turbines represent the most essential component of the technical
equipment with a one-third share of the CAPEX. Early offshore installations
used turbines that had been adopted from the onshore wind energy sector.
Starting from turbines of 0.45 MW demonstrated at the first offshore wind
park Vindeby®, today’s standards suggest 10 MW and even more powerful
turbines specially designed for offshore deployment. Dominant market man-
ufacturers are currently offering turbines with rated power over 10 MW with
the first turbines at this capacity expected to become operational in 2022.%

#  Deutsche WindGuard, Capacity Densities of European Offshore Wind Farms, March 2018.
#  Offshore Windfarm at Vindeby: Cordis Fact Sheet.

% IRENA, Offshore renewables. An action agenda for deployment offshore. A contribution to the G20
presidency, 2021, p. 31.


https://vasab.org/wp-content/uploads/2018/06/BalticLINes_CapacityDensityStudy_June2018-1.pdf
https://cordis.europa.eu/project/id/WE.-00375-87
https://irena.org/publications/2021/Jul/Offshore-Renewables-An-Action-Agenda-for-Deployment
https://irena.org/publications/2021/Jul/Offshore-Renewables-An-Action-Agenda-for-Deployment
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The capital investment expenditures have increased from EUR 2 200/kW in
2007 to EUR 2 490/kW in 2008 and even reach EUR 4 500/kW in 2015. Since
then, the costs have been falling but remain high. The main driver of the high-
er CAPEX levels is the inflated cost of new generation offshore wind turbines.
At the same time, with expanding deployment in the European seas, wind
farms growing in size and moving further from shore, site investigation is be-
coming more cost-intensive and access to promising locations more difficult.
With technology evolution, the average water depth has also increased from
below 10 m to almost 35 m in the past 15 years, as has the distance to the shore
surpassed 60 km for newly developed offshore wind farms. The emergence
of the floating technology raises the expectation that deployment sites further
off the coastline are becoming economically viable.

The table below represents comparison of CAPEX values for offshore wind
farms (both fixed and floating) as of 2019/2020 according to different source
and future projections.

Table 3. CAPEX Variations and Future Projections (Euro/kW)

IRENA (2019), 5th percentile 2450
IRENA (2019), average 3230
IRENA (2019), 95th percentile 5080
Lazard, 2020, low case 2210
Lazard, 2020, midpoint 3124
Assumption for EU installations, "A Clean Planet for All” 2048 1929

Source: FSR (2020).

The CAPEX of floating offshore farms could be estimated to be more than
double the amount necessary for fixed foundations. However, the technology
is developing quickly, and costs are falling with 7 pre-commercial projects
(147 MW in total) commissioned in Europe by the end of 2020, and 6 (217 MW)
announced and planned by the end of 2022. In sum, by the end of 2022 there
will be 300 MW of floating offshore capacity operational. France and Norway
are also developing larger projects. Together with the investment intentions
of Spain and the UK, 7 GW of floating offshore wind capacity is expected to
be online in Europe by 2030.%

Operation & Maintenance costs (O&M) are those occurring throughout the
lifetime® of the turbine. Port activities and license fees could also be incorpo-
rated in the annual O&M costs covering regular annual maintenance visits
and remote monitoring, repairs, administration and other back-office tasks.

¥ Piebalgs, A. et al., Cost-Effective Decarbonisation Study (Research Report), European Universi-
ty Institute, November 2020.

#  WindEurope, Offshore wind in Europe — key trends and statistics 2020, 2021.

# The lifetime of offshore wind farms is usually considered in investment calculation 20 years
for early projects, increasing to 30 years recently due to the technology development.


https://fsr.eui.eu/publications/?handle=1814/68977
https://windeurope.org/intelligence-platform/product/offshore-wind-in-europe-key-trends-and-statistics-2020/
https://cadmus.eui.eu/bitstream/handle/1814/68977/QM-04-20-535-EN-N.pdf?sequence=1
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O&M costs could be estimated at EUR 15 — 33/MWh with an average of EUR
20/MWh in early UK farms. Higher levels of O&M costs are associated with
the increased costs of getting access to the turbines and maintaining the nec-
essary port logistical infrastructure.®® Therefore, companies are working spe-
cifically on wind farm designs that aim to reduce maintenance requirements
given the relatively high cost of marine access. Usually, large modern wind
turbines enable lower O&M which vary with the number of turbines and in
general decline over the years of operation.”

Figure 2. Floating Wind Energy Cost Reduction Pathways

LCOE of Floating Offshore Wind

MW
€250 5,000
€200 \ 4,000
€150 \ \ 3,000
€100 2,000
€50 1,000
€0 — | | | | I I I 0

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
=== Cumulative Capacity Additions w== | COE FID == | COE Actual
Source: WindEurope (2018).

The levelized cost of electricity (LCOE) is calculated as the cost of unit en-
ergy generated by the wind farm during its lifetime. LCOE for fixed-platform
wind parks varies significantly across Europe, but generally falls within the
range of EUR 50-75/MWh.* LCOEs of the European pre-commercial float-
ing wind projects indicate values of EUR 180-200/MWh.* These values are
projected to decline to EUR 80-100/MWh when commercial projects utilizing
proven technologies emerge in 2023-2025 and might further decrease to un-
der EUR 60/MWh by 2030 as the technology matures. On the basis of the
rapid development, leading offshore wind energy developers are confident
they can bring down the cost even further to between EUR 40/MWh and
EUR 60/MWh by 2030. In the long run, floating concepts might prove to be
more cost advantageous because of the savings potential embedded in the
installation process. The easier assembly of floating wind structures signifi-
cantly reduces the need for operational handling at sea and the use of costly
large jack-up and installation vessels. The time required for installation along
with the vessel type hired are a key cost driver in offshore projects.

* Arantegui, R.L., Wind Energy Technology Development Report 2018, EUR 29914 EN, European
Commission, Luxemburg, 2019, ISBN 978-92-76-12536-5, doi:10.2760/073032, JRC118315.

31 Peak Wind, OPEX Benchmark — An insight into operational expenditures of European offshore wind
farms, 2019.

32 BVGAssociates, Wind farm cost, 2020.
¥ WindEurope, Floating offshore wind energy: A policy blueprint for Europe, 2018.


https://windeurope.org/wp-content/uploads/files/policy/position-papers/Floating-offshore-wind-energy-a-policy-blueprint-for-Europe.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC118315
https://peak-wind.com/insights/opex-benchmark-an-insight-into-operational-expenditures-of-european-offshore-wind-farms/
https://peak-wind.com/insights/opex-benchmark-an-insight-into-operational-expenditures-of-european-offshore-wind-farms/
https://guidetoanoffshorewindfarm.com/wind-farm-costs
https://windeurope.org/wp-content/uploads/files/policy/position-papers/Floating-offshore-wind-energy-a-policy-blueprint-for-Europe.pdf

ASSESSMENT OF THE OFFSHORE WIND DEPLOYMENT
POTENTIAL IN BULGARIA

The current study has identified four areas in the Bulgarian Black Sea EEZ
(Figure 3) as suitable for potential project development based on the technical
and economic criteria described in the section above. The following criteria
have been relevant for the pre-selection:*
e the wind resource metrics and water depths;
e distance to shore (particularly availability of harbors and electrical
substations);
* avoidance of dense navigation routes;
* avoidance of possible environmental restrictions (e.g., Natura 2000)
and conflicts with maritime bases for other economic purposes.

For each area capacity factors are calculated based on the wind resource and
the technical assumptions, explained in Section 2. The table in Appendix V
provides an overview of the size of the pre-selected areas before and after the
application of restrictions according to the selection criteria.

Area 1: Shabla/ Romanian maritime border

Area 1 is located in the Northern-most part of the Bulgarian EEZ along the
border line with the Romanian territorial waters. It is close to the shoreline
with a distance of up to 30 km to the coast of Shabla, a town and seaside resort
in Northeastern Bulgaria.* This Black Sea section possesses the best wind
resource and the largest plot size (435 km?) of all four options. Wind speeds
hover between 7.6 and 8 m/s at a 150 m height. The deepest part of the area
is 60 m, but most of it is under 50 m depth. Therefore, the installation of fixed
platforms will be viable also considering the reduction of technological costs.

As evident on the corresponding map in Appendix II: Water Depths at the Pre-se-
lected Areas, the area could be separated as follows:
e Section 1, under 40 m water depth, covering 96 km?,
with estimated technical potential of 1 GW
* Section 2 40 — 50 m water depth, covering 190 km?,
with estimated technical potential of 1.9 GW
® Section 3 is above 60 m water depth, covering 149 km?,
resulting in additional 1.4 GW estimated technical potential.

The total technical offshore wind resource capacity of Area 1 is calculated in
the range of 4.3-5 GW. Accounting for known restrictions due to navigation
routes and submarine cables as shown in Appendix III: Navigation Routes and
Submarine Infrastructure at the Pre-selected Areas, the area is redefined and re-
duced to 420 km? keeping its technical capacity above 4 GW (Area 1 B). The

3 The pre-selection does not substitute professional site investigation methods and does not
exclude other possible sites.

% The Northeastern region of the country is characterized by the best onshore wind potential.

17 onshore wind power plants with total capacity of 40 MW are already operational in the
municipality of Shabla alone. Considering the neighboring municipalities of Balchik and
Kavarna 460 MW of wind power (or 2/3 of the Bulgarian total installed wind capacity) are
connected to the national grid.
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western part of the pre-selected Area 1 located close to the shore is in conflict
with small portion of sites which are protected under the Habitats Directive®
and Birds Directive”.* The overlapping territories are marked in Appendix IV.
After their exclusion, the deployment potential of Area 1 results in the size
of 405 km?(Area 1 C). The gross capacity factor is estimated at between 45-48
per cent.

Area 2: Varna

Area 2 is the smallest option, only 40 km? but it is in the immediate prox-
imity of the town of Varna, the third largest in Bulgaria with a population of
almost 400,000. It is an important economic center with two industrial zones,
an airport and a seaport, operating facilities for public transport of national
importance. Because of the industrial power demand available near the site,
the area is considered important for further investigation as offshore wind
projects could be developed as part of a larger industrial restructuring project
that involves large private industrial producers investing in electricity gener-
ation capacity for self-consumption.

This offshore area is surrounded by shallow waters with depths of 10-22 m. Al-
though the initial technical potential has been calculated at 400-500 MW with
wind speeds between 7.2 — 7.4 m/s, only a small fraction could be utilized due
to the intense marine traffic in the area. Taking into account currently indicated
navigation routes, the territorial scope is reduced to 26 km? resulting in techni-
cal capacity of 250-300 MW. The gross capacity factoris estimated at40 per cent.

Area 3: Obzor

Area 3 is located near Obzor, which is about 30 km by sea to Burgas, the
second largest town on the Black Sea in Bulgaria. Burgas is also the first mu-
nicipality in the country that has set its own renewable energy target of 32
per cent by 2030. The area is large, 125 km?, suitable for fixed installations at
water depth of 15-35 m. Based on wind speeds in the range of 7.5-7.9 m/s at
150 m, the technical capacity is assessed between 1.2-1.5 GW. However, the
identified area conflicts with current navigation routes and the technical po-
tential cannot be deployed in full under the provisions in place. Coordination
and consultation with maritime authorities is needed to explore options for
deconflicting potential projects with marine traffic routes. The relatively flex-
ible rules for the distance between shipping routes and offshore wind farms
(around 500 m) could enable the utilization of part of the area. However, the
existence of sites® protected under Natura 2000 Regulations could potentially
further limit it, which requires planners and potential developers to under-
take more exact micro-siting. Possible Gross Capacity factor for Area 3 is 44-
45 per cent.

% EUR-lex, Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats
and of wild fauna and flora.

¥ EUR-lex, Directive 2009/147/EC of the European Parliament and of the Council of 30 Novem-
ber 2009 on the conservation of wild birds.

* The two environmental protected sites which Area 1 comes in conflict with are Kaliakra
Complex (Birds Directive Code BG0002051, Habitats Directive Code BG0000573) and Ezero
Durankulak (Habitats Directive Code BG0000154).

¥ Site Kamchiyska planina with Birds Directive Code BG0002044, sites Emona and Em-
ine-Irakli with Habitats Directive Codes respectively BG0001501 and BG0001004.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31992L0043
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31992L0043
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0147
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0147
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Figure 3. Pre-Selected Prospective Areas for the Deployment of the Offshore Wind
Potential in Bulgaria

AREA 2:
Near Varna
Area: 40 km?

Technical Capacity: 400-500 MW
Wind Speed: 7.2 - 7.4 m/s at 150 m
Water Depth: 10-22m

AREA 1:
Near Shabla
Area: 435 km?
Technical Capacity: 4.3 -5GW
Wind Speed: 7.6 - 8.0 m/s at 150 m
Water Depth: 10 - 60 m
Distance to Shore: 1 - 30 km

AREA 3:
Near Obzor

Area: 125 km?
Technical Capacity: 1.2 - 1.5 GW

Wind Speed: 7.5 - 7.9 m/s at 150 m

Water Depth: 15-35m

AREA 4:
Turkish Maritime Border
Area: 200 km?
Technical Capacity: 2.0 - 2.5 GW
Wind Speed: 7.2 - 7.3 m/s at 150m
Water Depth: 400 - 1000 m

Source: CSD based on Global Wind Atlas data.*

Area 4: Turkish maritime border

Area 4 is far away from the shore located on the maritime border with Turkey.
The main reason to pre-select this plot is its proximity to a planned high-volt-
age DC (HVDC) submarine cable connecting Romania and Turkey. The de-
velopment of deep offshore wind energy in the Black Sea would require the
corresponding infrastructure. The exact distance between Area 4 and the lo-
cation of the prospective undersea cable is 20 km. The area itself occupies 200
km?at 400-1000 m sea depth. The wind conditions are moderate with 7.2-7.3
m/s at 150 m height. From the current technological and cost framework, the
area is not highly attractive. However, it is a potential opportunity for the
development of floating-platform-based wind parks in the time horizon af-
ter 2030. The Gross Capacity factor projected for area 4 reaches 43-44 per cent.

% Data obtained from the Global Wind Atlas 3.0, a free, web-based application developed,
owned and operated by the Technical University of Denmark (DTU). The Global Wind Atlas
3.0 is released in partnership with the World Bank Group, utilizing data provided by Vortex,
using funding provided by the Energy Sector Management Assistance Program (ESMAP).


https://globalwindatlas.info/
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Figure 4. High Voltage DC Undersea Cable Planned to
Interconnect Romania and Turkey

Source: CSD.



ECONOMIC, TECHNICAL AND
ENVIRONMENTAL OBSTACLES

Cost of generated energy

The initial evaluation of the pre-selected areas indicates the feasibility of wind
energy projects in area 1 and area 2 under the existing conditions. For both
of them, the sensitivity cost analysis has estimated LCOEs in the range of
EUR 62-81/MWh for gross capacity factor of 45 per cent (area 1) and EUR
79-91/MWh for gross capacity factor of 40 per cent (area 2). The weighted
average cost of capital impacts strongly the LCOE values’ variation due to the
high ratio of capital to operational costs (see Figure 5 and Appendix VI: LCOE
Calculations and parameters sensitivity, which summarizes the assumed input
parameters and the results of the sensitivity analysis).

Investment expenditures are calculated obtaining public information about
projects that have already been implemented or are under construction. It
should be taken into account that each project has strictly specific characteris-
tics due to the climatic and geographical features of its location, the chemical
composition of the water as well as the seabed topography and biodiversity
among other factors.*! Investment and O&M expenditures increase with dis-
tance to the shore, which modifies the underlying assumptions. Figure 6 vis-
ualizes the results of the sensitivity analysis conducted based on the assump-
tions for floating installations.*” With a capacity factor of 45 per cent LCOE
in the range of EUR 110-133/MWh could be achieved for floating wind pro-
jects, while at sites with lower wind availability the cost per generated MWh
from such a farm would be between EUR 124 and EUR 150.

Figure 5. LCOE Calculations for Bottom-Fixed Offshore Wind Farms in Bulgaria

Offshore Wind Energy in Bulgaria: LCOE Projections (€/MWh)
100

90

80
70
==
60
[ System Size (30-100-500 MW)
50 WACC (4-9%)
Capacity Factor 45% Capacity Factor 40% [ CAPEX (2.0-2.8 mIn. €/MW)
Source: CSD.

4 The study assumes the installation of offshore wind turbines with capacity of 10 MW. The
gross capacity factor is converted into net value at the rate of 91%, accounting for wake, elec-
trical and availability losses. The lifetime of the projects usually exceeds 30 years, although
the underlining assumption for the current analysis is 30 years. In the reference case a sim-
plified constant WACC rate of 6% and inflation of 2% are modelled.

# For the same capacity factors (40% and 45%) und under assumption of constant system size
of 100 MW, LCOEs are projected for floating wind energy concepts.
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Figure 6. LCOE Calculations for Floating Offshore Wind Farms in the Bulgaria

Offshore Wind Energy in Bulgaria, Floating Concept: LCOE Projections (€/MWh)
160.000

140.000 -
120.000 1 -

[ Distance to Shore (25-75-100 MW)

100.000 WACC (7-9%)
Capacity Factor 45% Capacity Factor 40% I CAPEX (3.2-3.7 mIn. €/ MW)
Source: CSD.
Infrastructure

The deployment of offshore wind depends to the highest extent on the avail-
ability of corresponding infrastructure. Any potential new project would re-
quire connection to a high voltage transmission grid. Transmission injection
points are available in the north eastern part of Bulgaria at the substations
Dobrudzha (approx. 50 km to the shore) and Varna (approx. 70 km). Another
440 kV substation is currently under development near Shabla (15 km to the
shore). In the Southern part of the country, connection is possible at the sub-
station Burgas. According to a preliminary analysis and consultations with
experts from the power transmission system operator (TSO), the national
transmission grid has the available capacity to accommodate up to 4 GW
in new energy projects in the region. In the latest version of the National Re-
covery and Resilience Plan, the Bulgarian government foresees the complete
digitalization of the national high and medium voltage network, which will
expand the interconnection capacity with neighboring countries by addition-
al 200 MW, allowing the investors to sell electricity from renewable energy
sources outside the country on power exchanges after the finalization of the
regional market coupling.

A much more problematic aspect than the capacity of the Bulgarian transmis-
sion network is the time-consuming and administratively heavy procedure
of grid connection examination and permitting which each investor must un-
dergo. To manage the offshore grid interconnection, the renewable energy
resource zone concept® of planning would be suitable. The concept emerges
as a planning tool for mapping areas targeted for transmission development
in order to support renewable energy generation. Consequently, the assess-
ments for plant connections would be finalized during the investment plan-
ning period and the installation of needed transmission infrastructure would
be implemented during the construction of the wind parks.

Not only the capacity of the network is essential, but also the port infrastruc-
ture, which is critical for the storage, unloading and installation of the equip-
ment. By assembling as much of the turbine as the nearest port allows, con-
struction companies save time restricted by seasonal weather window as well
as minimize cost. Once the offshore wind power plants become operational,

# Lee, N. et al,, Renewable Energy Zone Transmission Planning Process: A Guidebook for Practition-
ers, National Renewable Energy Laboratory, Golden, Colorado, 2017.


https://www.nrel.gov/docs/fy17osti/69043.pdf
https://www.nrel.gov/docs/fy17osti/69043.pdf
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ports fulfill the function of O&M bases for equipment storage and regular fast
and reliable service of the power generation facilities. Suitable ports must sat-
isfy the requirement to accommodate offshore wind construction and O&M
vessels with draft of over 7.5 m. The port infrastructure needs to provide high
load capacity, and the port docks should be about 200-300 m long and provide
access to vessels with a length of at least 140 m without restrictions. Installa-
tion ports need to be designed as deep seaports and to provide a large area
for the storage and assembly of the offshore wind components. Heavy load-
ing key sides reinforced with steel are required so that the cranes would lift
up 15 - 30 t of material per m2* At least 80,000 m?of storage space would be
necessary for laying and assembling the equipment.*

Currently, the main ports in Bulgaria (Varna and Burgas) fulfill the conven-
tional role to support the delivery and shipment of cargo. The Varna East Port
Terminal is the largest harbor in the country, located in the north part of the
Black Sea coast. It offers the necessary lifting equipment and 10 berths with
length over 140 m, allowing distance from water level to the top of cargo hatch
of max 15 m.* The total open storage space is 73 150 m? (including the storage
base), and the total area of warehouses is 35 340 m2.%

The financial mechanisms to be deployed in the framework of the European
Green Deal are well timed providing ample opportunities to finance new
business strategies for the transformation of both ports into decarboniza-
tion hubs. Shipbuilding companies as well as industrial zones located near the
harbors could benefit from low-carbon energy supply and later attract new
renewable energy investors. On the other hand, offshore wind parks could
supply electricity to an electrolyzer developed close to the port infrastructure
that would enable hydrogen supply (a critical fuel of the future according to
EU plans) to the big industries in the region.

Environmental aspects and biodiversity

The coexistence between offshore wind energy and all the other ecological,
economic and societal interests is key for the social acceptance of new off-
shore wind investments. The compatibility of economic, archaeological and
other activities with ecosystems, geological and hydrogeological characteris-
tics, cultural and historical heritage at the bottom of the sea until 2035 is to be
mapped out by the National Maritime Spatial Plan (NMSP).* The draft version
document has been published in February 2021, but its content does not sug-
gest any future prospects for offshore wind energy development.*’ According
to the NMSP the Black Sea is characteristic of its limited biodiversity except
for the adjacent coastal areas which are inhabited by a variety of species.®

#  Akbari. N. et al. (2017) “A multi-criteria port suitability assessment for developments in the
offshore wind industry,” in Renewable Energy, Vol. 102, Part A, March 2017, pp. 118-133.

* WindEurope, Ports: a key enabler for the floating offshore wind sector, 2020.

#  These metrics are relevant for the loading/ uploading activities.

¥ Varna East Port Webpage.

*  Ministry of Regional Development and Public Works, Bulgarian National Maritime Spatial
Plan, 2021.

# The NMSP's GIS database has been considered in this analysis for the identification of areas
which restrict the technical potential of offshore wind energy utilization.

' Ministry of Regional Development and Public Works, Bulgarian National Maritime Spatial
Plan (Section Biodiversity), 2021.


https://www.sciencedirect.com/science/article/pii/S0960148116309004?casa_token=PwiYwr0fvBQAAAAA:Zhl7E1TiN8PeF4yfmLfzX02b-qyLN1H4maZKfF1UMkCmjGKR7I2hLipj5f2ghfUQuO59gpcAew
https://www.sciencedirect.com/science/article/pii/S0960148116309004?casa_token=PwiYwr0fvBQAAAAA:Zhl7E1TiN8PeF4yfmLfzX02b-qyLN1H4maZKfF1UMkCmjGKR7I2hLipj5f2ghfUQuO59gpcAew
https://windeurope.org/intelligence-platform/product/ports-a-key-enabler-for-the-floating-offshore-wind-sector/
https://port-varna.bg/bg/TERMINALS/Varna-Iztok
http://mspbg.ncrdhp.bg/
http://mspbg.ncrdhp.bg/
http://mspbg.ncrdhp.bg/pic/documents/5/TOM_4_BIORAZNOOBRAZIE_Fin.pdf
http://mspbg.ncrdhp.bg/pic/documents/5/TOM_4_BIORAZNOOBRAZIE_Fin.pdf
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The Eastern European migration route, second largest in Europe, passes over
the Bulgarian coast and marine territories. Accordingly, dozens of coastal
sites have been declared as protected areas under the Biodiversity Act. Those
areas are highlighted on Figure 7 below and regarded as strict restrictions for
investment activities.

Any investment prospect for the development of offshore wind energy fa-
cilities and infrastructure must assess the impact on species as provided in
the EU Nature Directives.”' *> The potential risks include death or injury that
could be caused by the potential project, or deliberate disturbance during
breeding, rearing, hibernation and migration, or the deterioration or destruc-
tion of breeding sites or resting places of species protected under the Birds™
and Habitats Directive®, as well as under EIA> or SEA> Directives. However,
as the 15 years long experience with onshore wind development in Bulgaria
proves the negative impact can sometimes be effectively mitigated. The as-
sessment of significance needs to be done on a case-by-case basis and in light
of the species and habitats potentially affected. The loss of a few individuals
may be insignificant for some species but may have serious consequences for
others. Population size, distribution, range, reproductive strategy and life-
span will all influence the significance of the effects.”™

Wind risk assessment maps mark areas of importance to birds that should
be avoided or approached with caution by wind energy developers. It should
be considered at the earliest stage of the investment decision process because
next to the detrimental impact to biodiversity, wrong planning could also be
associated with negative consequences for the wind farm’s profitability due
to systemic suspension of the operation of the park in order to reduce the
risk of collision of birds with turbines. Currently, studies researching bird
migration, nesting, and feeding on Bulgarian territory cover onshore zones
but little attention has been given to marine areas far from the coast. A highly
conservative evaluation reveals that 90 per cent of the Bulgarian land suitable
for wind energy development is unacceptably risky for bird populations.®
Additional in-depth impact assessment is vital for the offshore wind energy
sites locating. However, the latest Ornithological Monitoring in the Integrated
System for Protection of Birds in the area of highly dense-situated wind parks
of Kaliakra confirmed the installations do not have an effect on sensitive
bird species using migratory upward airflows (thermals) to move over long
distances during the Fall migration period.

' EUR-lex, Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats
and of wild fauna and flora.

2 EUR-lex, Directive 2009/147/EC of the European Parliament and of the Council of 30 Novem-
ber 2009 on the conservation of wild birds.

% EUR-lex, Directive 2011/92/EU of the European Parliament and of the Council of 13 Decem-
ber 2011 on the assessment of the effects of certain public and private projects on the envi-
ronment Text with EEA relevance.

% EUR-lex, Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001
on the assessment of the effects of certain plans and programmes on the environment.

% See also EC, Guidance on Energy Transmission Infrastructure and EU nature legislation,
2018.

%  Zehtindjiev, P,, Report on data assessment and control, Technical report on GIS model and wind risk

mapping, conducted by EKONEKT consortium for the Bulgarian Ministry of Environment
and Water, 2013.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31992L0043
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31992L0043
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0147
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009L0147
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011L0092
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011L0092
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011L0092
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32001L0042
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32001L0042
https://ec.europa.eu/environment/nature/natura2000/management/docs/Energy%20guidance%20and%20EU%20Nature%20legislation.pdf
https://www.researchgate.net/publication/331682809_Doklad_za_ocenka_na_karta_i_GIS_model_ss_zonite_na_risk_za_pticite_pri_izgrazdaneto_na_vetrogeneratori
https://www.researchgate.net/publication/331682809_Doklad_za_ocenka_na_karta_i_GIS_model_ss_zonite_na_risk_za_pticite_pri_izgrazdaneto_na_vetrogeneratori
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Figure 7. Protected Areas for Wild Birds Along the Black Sea Coast

[doBpud

Source: Bulgarian National Maritime Spatial Plan (2021).


http://mspbg.ncrdhp.bg/
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REGULATORY AND POLICY BOTTLENECKS

The renewable energy policy which is in place in Bulgaria steps mainly on
the provisions of the Renewable Energy Sources Act” and the 2030 National
Energy Strategy® (currently only a draft version). Both set out a broad legal
and policy framework without specifying support instruments or separate
national or cross-border mechanisms for the facilitation of wind energy in-
vestments. Since 2019, any power trading deals with operators of renewable
energy plants with a total installed capacity of 1 MW and above have been
required to be conducted via the Bulgarian power exchange. Moreover, un-
der the current legislation, power generation from utility-scale plants such as
an offshore wind power facility must be connected directly to the electricity
transmission grid preventing the option to sell electricity via long-term pur-
chasing power agreements to locally based large-scale industrial consumers.
Policy and technical measures such as the introduction of transparent grid ca-
pacity planning for new renewables deployment or auctioning mechanisms
are not implemented in the country, reducing predictability and secure cash
flows” prediction for large investors in low-carbon energy.

The support scheme for renewable energy currently in place in Bulgaria was
introduced in line with the European Commission’s Guidelines on State Aid
for environmental protection and energy®. It provides a subsidy to renewa-
bles through a technology-specific sliding feed-in premium scheme. A premi-
um payment adds on to the wholesale market price, when it is lower than a
technology-specific reference tariff, determined by the energy regulator every
year. Feed-in-tariffs are applicable only for small power plants up to 30 kW
and only if they are used for own consumption of the generated power.

The utilization of the offshore wind energy potential outlined in section 3 of
this study requires that policymakers implement a consistent and well-coor-
dinated policy strategy and initiate a range of regulatory adjustments. Efforts
aimed at aligning the policy and regulatory framework with offshore wind
development should address the issue of the missing policy milestones, the
unclear procedures for spatial planning, licensing, decommissioning and
grid connection as well as the underwhelming economic incentives. The
adoption of specially designed and focused legislative acts following the ex-
ample of Romania® and Poland® represents an optimal solution but is not yet
on the Bulgarian policy agenda.

7 Lex.bg, 3axoH 3a eneprusra ot Bb300HOBsieMnt 13TouHnIM [Renewable Energy Sources Act of
Republic of Bulgaria], promulgeted in SG No. 35 of 3 May 2011, last amended in SG No. 21 of
12 March 2021.

% Bulgarian Ministry of Energy, Draft Strategy for Sustainable Energy Development of the
Republic of Bulgaria until 2030 with a horizon until 2050, 2021.

% EUR-lex, Communication from the Commission — Guidelines on State aid for environmen-
tal protection and energy 2014-2020, 2014.

¢ Energy Policy Group, Romania’s Offshore Wind Energy Resources: Natural potential, regulatory
framework, and development prospects, November 2020.

" SKS Legal, “The Polish Offshore Wind Act,” Legal Alert, February 2021.


https://www.lex.bg/laws/ldoc/2135728864
https://www.parliament.bg/pub/cW/20200909030007%D0%A1%D1%82%D1%80%D0%B0%D1%82%D0%B5%D0%B3%D0%B8%D1%8F%20%D0%B7%D0%B0%20%D1%83%D1%81%D1%82%D0%BE%D0%B9%D1%87%D0%B8%D0%B2%D0%BE%20%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D0%B9%D0%BD%D0%BE%20%D1%80%D0%B0%D0%B7%D0%B2%D0%B8%D1%82%D0%B8%D0%B5%20%D0%BD%D0%B0%20%D0%A0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F%202030%20%D0%B3..pdf
https://www.parliament.bg/pub/cW/20200909030007%D0%A1%D1%82%D1%80%D0%B0%D1%82%D0%B5%D0%B3%D0%B8%D1%8F%20%D0%B7%D0%B0%20%D1%83%D1%81%D1%82%D0%BE%D0%B9%D1%87%D0%B8%D0%B2%D0%BE%20%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D0%B9%D0%BD%D0%BE%20%D1%80%D0%B0%D0%B7%D0%B2%D0%B8%D1%82%D0%B8%D0%B5%20%D0%BD%D0%B0%20%D0%A0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F%202030%20%D0%B3..pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52014XC0628%2801%29
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52014XC0628%2801%29
https://www.enpg.ro/wp-content/uploads/2020/11/EPG_Wind-Offshore-report_Final_Nov-16.pdf
https://www.enpg.ro/wp-content/uploads/2020/11/EPG_Wind-Offshore-report_Final_Nov-16.pdf
https://skslegal.pl/storage/2021/02/Legal-Alert-Ustawa-offshore-final_3439009@1.pdf
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The missing policy milestone

Despite the EU policy focus on accelerating the decarbonization of the energy
system on the back of utilizing the offshore wind potential of European seas,
the Bulgarian government has so far not developed a policy framework for
supporting offshore wind projects as part of the country’s long-term energy
strategic documents.

The National Energy and Climate Plan (NECP) envisions to increase the on-
shore wind capacity only moderately from around 0.7 GW to 0.89 GW by
2030.¢2 The document does not consider any offshore wind additions although
the modelling assessment linked to the document envisions the addition of
3.35 GW of installed capacity in onshore wind parks until 2050. Large-scale
deployment of wind energy in the Bulgarian territorial waters of the Black
Sea could contribute to the implementation of the main objectives set in the
NECP, namely stimulating low-carbon economic development, the uptake of
competitive and secure energy sources, and the reduction of the country’s
dependence on fossil fuels imports.

The National Recovery and Resilience Plan (NRRP)®, another key strategic
document to guide the long-term decarbonization of Bulgaria, has also missed
the opportunity to open a window for new industrial development while ac-
celerating low-carbon regional growth and modernizing the port infrastruc-
ture. The first draft version of the Plan, submitted to the European Commis-
sion in early March 2021, received widely acknowledged criticisms towards
its insufficient contribution to climate-friendly spending.® The country’s
caretaker government in office since mid-May 2021 published a revised ver-
sion for public consultation in July 2021, which includes low-carbon transition
measures worth EUR 6.45 billion. Although the document aims to improve
the renewable energy investment environment, the applied approach is bi-
ased against innovative and emerging technology solutions such as offshore
wind or reforms that would unlock the potential for its future development.

Unclear procedures of planning and licensing

The lack of political support and strategic orientation towards offshore wind
industry development has been reflected by the absence of appropriate spa-
tial and infrastructural planning. In terms of the maritime spatial planning,
the country missed the opportunity to define suitable areas for offshore wind
development in the latest version of its NMSP as of March 2021.°° The next
opportunity for its modification cannot happen until 2024. NMSP could be an
essential coordination instrument for the planning of future projects without
contradictions with other marine activities. The TSO’s grid development plan
also does not account for the potential deployment of offshore wind capacities,
which is a prerequisite for ensuring investment security and predictability.

¢ Bulgarian Ministry of Energy, Ministry of Environment and Water, Integrated Energy and
Climate Plan of the Republic of Bulgaria 2021-2030, 2020.

% Council of Ministers of Republic of Bulgaria, National Plan for Recovery and Resilience (as
of August 2021 not officially submitted to the EC), 2021.

® The Green Recovery Tracker assesses the green spending share at 27% compared to the tar-
geted level of 37%.

WindEurope, “Maritime Spatial Planning: most countries late, offshore wind must remain a
priority,” Newsroom, April 19, 2021.
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https://www.powerthesaurus.org/widely_acknowledged/synonyms
https://ec.europa.eu/energy/sites/default/files/documents/bg_final_necp_main_en.pdf
https://ec.europa.eu/energy/sites/default/files/documents/bg_final_necp_main_en.pdf
https://www.nextgeneration.bg/14
https://windeurope.org/newsroom/news/maritime-spatial-planning-most-countries-late-offshore-wind-must-remain-a-priority/?fbclid=IwAR1YiWAh2sanW4CSBi1sSihpr6sE_AVdx_O8bwM1k4e36aUYf6a-QwXXQkQ
https://windeurope.org/newsroom/news/maritime-spatial-planning-most-countries-late-offshore-wind-must-remain-a-priority/?fbclid=IwAR1YiWAh2sanW4CSBi1sSihpr6sE_AVdx_O8bwM1k4e36aUYf6a-QwXXQkQ
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In addition, there is a lack of clarity about the consistency of offshore wind
investments in the Bulgarian national law on concessions for permitting the
exploration, construction, installation, and operation of offshore wind farms
in areas with already granted concessions for other activities such as oil and
gas exploration and production. The Concession Law® applies strictly to the
management of national resources and should not be used to limit the scope
for the utilization of the wind potential in a given area. Private companies
are allowed to request a permit to use a specific territory of the Black Sea that
should be granted by the Black Sea Basin Directorate, which should also reg-
ulate any construction activities in the Bulgarian territorial waters.

Currently, the Bulgarian legal framework does not provide any rules or proce-
dures for exploiting under concession sea areas for offshore energy project
development. Moreover, two of the areas pre-selected in Section 3 fall within
the scope of territories which are under concession for oil and gas exploration
and production activities. The existing legal framework would not mandate
offshore wind investors to apply for a separate concession grant from the
Bulgarian state. However, a conflict may arise if the owner of a concession
agreement demands that the territory under question is not used for any other
purposes outside the remit of the agreement, e.g., oil and gas companies in the
Khan Asparuh block may protest the installation of offshore wind platforms
as this could prevent them from completing their exploration surveys (2D/3D
seismic studies that require full shipping access to the territory under survey).

However, an additional legal analysis would be needed to establish whether
a potential conflict with the owner of a concession exists in the case the latter
aims to use the whole area of a concession. There are examples in other EU
countries for collaboration between operators of offshore wind plants and oil
and gas field developers. In addition, synergies already exist between offshore
wind and offshore oil and gas activities. It is also worth noting that some of
the largest oil and gas companies (Shell, Total, Statoil, ENI) are increasingly
becoming important players in the offshore wind market, therefore further
opening opportunities for shared use of the marine space and its resources.

Underdeveloped economic incentives

The gradual electricity market liberalization in Bulgaria since 2016 has led to
an increase in the volatility of electricity prices, the overall market liquidity,
and the regional market integration. As a result, the forecast of the wholesale
market price for renewable energy producers is very complex although prices
are expected to follow a general upward trend®. Until recently, support poli-
cies applied in Bulgaria such as the feed-in-tariff offered guaranteed price cer-
tainty and a low-risk investment profile. With the transition to more compet-
itive renumeration schemes new financial risks have emerged for investors.
Especially in the situation of renewable power procurement based on actual
market price, the predictability of the amount of future cash-flow represents
additional hurdle leading to higher costs of financing. As renewable energy
investments are mainly composed of upfront capital costs, their economic

% Lex.bg, 3akon 3a kouuecuute [Concession Act of Republic of Bulgaria], promulgeted in SG
No. 96 of 1 December 2017, last amended in SG No. 17 of 26 February 2021.

& Szabo, Laszlo et. al., South East Europe Regional Report 2017, SEERMAP: South East Europe
Electricity Roadmap September, 2017.


https://www.lex.bg/bg/laws/ldoc/2137178490
https://csd.bg/publications/publication/south-east-electricity-roadmap-seermap-report/
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feasibility is more sensitive to higher price risk. Accounting for all the other
missing elements of the regulatory framework and the policy risks, the poor
predictability of the future wind farm projects’ revenues increases the value of
the debt capital. Particularly for capital-intensive complex technology projects
with complicated process of development and longer pay-back period such as
offshore wind energy, future market price trajectories are not reliable enough.

Therefore, economic incentives for future offshore wind investors in the form
of access to a fixed remuneration or an add-on to the wholesale electrici-
ty price within a predefined cap would better define the project financing
conditions decreasing further the cost of dept capital. When combined with
auctions, these elements (e.g., premium tariffs, contracts for differences, etc.)
could secure fixed levels of competitive prices for renewable power procured
by the state. Further aspects, such as attitudinal quality appreciation, informa-
tion provision and regional cooperation represent additional challenges, that
may turn into opportunity if addressed timely.

Social acceptance and local community benefits

The level of social acceptance and the attitudes of the local community to-
wards wind energy can have a significant impact on the development of off-
shore wind projects, as it can be blocked by organized social opposition. Citi-
zens living in Northeastern Bulgaria, where the bulk of onshore wind power
plants would be located, show higher levels of awareness and readiness to
support renewable energy technology deployment than the rest of the coun-
try.® However, history has shown that the installation of wind turbines in
the European seas often raises concerns among local communities about the
industry’s environmental footprint and the impact on local tourism.® Social
acceptance can vary greatly from project to project. Bulgarians have so far
not embraced the development of renewable energy sources in the country
enthusiastically.

The development of renewable power plant projects in Bulgaria began in the
mid-2000s fueled by the involvement of large, well-established power sector
investors. At the time, public opinion, also prodded by different incumbent
industry sources, coalesced around the notion that alternative energy tech-
nologies are too expensive, are only driven by centralized EU policy and are
a yet another opportunity for high-level corruption by well-connected private
interests. The decarbonization myth that renewable energy projects benefit
only large international investors and local corruption schemes have long
dominated the public discourse. The organization of detailed information
campaigns and active stakeholder engagement to showcase the positive re-
lationship between the offshore wind energy and local tourism could have
a positive impact on the social acceptance of the technology in coastal areas.

% Trifonova, M., Social acceptance of renewable energy sources in Bulgaria, Sofia University “St.
Kliment Ohridski”, 2021.

Local communities in Greece economically active in the tourism industry are not particular-
ly keen to accommodate wind parks on their islands. Greek islands are not well integrated
into the national power grid and wind power plants could provide sustainable competitive
advantages to those communities over other tourist destinations in the hot summer months.
See: Zafeiratou. E., and Spataru, K., Transforming the Greek Cycladic islands into a wind energy
hub, ICE Publishing, 2015.

69


https://www.uni-sofia.bg/index.php/bul/content/download/248293/1637967/version/1/file/Report_RES.pdf
https://discovery.ucl.ac.uk/id/eprint/1531089/1/Spataru_ensu1500054_offprint%20copy.pdf
https://discovery.ucl.ac.uk/id/eprint/1531089/1/Spataru_ensu1500054_offprint%20copy.pdf
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The deployment of any large-scale, renewable energy technology should be
realized in partnership with local stakeholders including municipalities,
businesses and civil society organizations as to ensure that the projects have
wide-reaching local community benefits. One good practice to be introduced
in Bulgaria could be the allocation of green shares of the planned projects
to local communities. The Northeastern Bulgarian region has much to offer
in terms of the development of local supply chains for the engagement of
small business and the creation of new green job opportunities. Well-trained
maritime specialists graduate from the Bulgarian Maritime University, based
in Varna. A subsidiary of the largest European manufacturer, installer and
service provider for the wind turbine industry, VESTAS, has a subsidiary
company operating in the region, providing a skilled workforce for the main-
tenance of the onshore wind farms in Bulgaria and Romania. Hence, local
employment opportunities are expected to grow in all phases of the project
lifecycle, particularly in the construction & installation of the wind park (over
1000 local employees per GW installed capacity) and Operations & Mainte-
nance (approximately 250 workers per GW) as well as project development
and management (again approximately 200 workers per GW).”

Regional Cooperation

A regional approach to the unlocking of the offshore wind energy potential
in the Black Sea would trigger the development of new supply chains, cost
reductions and the development of technical competencies. Regional syner-
gies are possible with Romania and Turkey as both countries have already
announced plans for the development of offshore wind projects.”

Most of the regional offshore wind potential has been under development in
Romania. The state-owned Hidroelectrica company has included in its invest-
ment plan the addition of 600 MW of wind power capacity by 2026, including
a 300 MW offshore wind farm — the first to be built in the Black Sea.”” The
project estimated to cost around EUR 590 million can generate about 1 TWh
per year, at an average capacity factor of 38 per cent and an estimated project
development period of three years. The Turkish section of the Black Sea also
has very good wind speeds of 7-8 m/s and the country announced plans for
launching an offshore wind tender in 2018 that were later cancelled. The ex-
pectation was for the tender to focus on a maritime zone in the Kiyikdy area
of the Black Sea.”

In addition, Black Sea offshore wind development could revive the discussion
for a high voltage undersea DC cable between Romania and Turkey. The
findings from the current assessment of the offshore wind energy potential
can be utilized to support the debate for a Black Sea HVDC infrastructure
serving primarily future offshore wind investments and connecting the pow-

"0 Energy & Utility Skills Ltd., Skills and Labour Requirements of the UK Offshore Wind Industry,
2018.

7' The Ex-Energy Minister of Romania publicly encourages Bulgaria to develop offshore
wind partner-project, see Gocheva, R., “bnarapus ne odpbilla BHMMaHUe Ha IIOTeHI[AAa 3a
odmopnu nucrasanyy” [Bulgaria does not pay attention to the potential for offshore instal-
lations], Capital.bg, November 30, 2020.

Balkan Green Energy News, “Hidroelectrica plans to install first offshore wind park in Black
Sea,” March 6, 2020.

Foxwell, D., “Local content a key to Turkish offshore wind tender,” Riviera, June 20, 2018.
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https://aura-innovation.co.uk/wp-content/uploads/2020/04/Aura-EU-Skills-UK-Offshore-Wind-Skills-Study-Full-Report-October-2018.pdf
https://www.capital.bg/biznes/energetika/2020/11/30/4141832_bulgariia_ne_obrushta_vnimanie_na_potenciala_za/
https://www.capital.bg/biznes/energetika/2020/11/30/4141832_bulgariia_ne_obrushta_vnimanie_na_potenciala_za/
https://balkangreenenergynews.com/hidroelectrica-should-look-into-black-sea-offshore-wind-potential-minister-says/
https://balkangreenenergynews.com/hidroelectrica-should-look-into-black-sea-offshore-wind-potential-minister-says/
https://www.rivieramm.com/opinion/opinion/local-content-a-key-to-turkish-offshore-wind-tender-24352
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er transmission grids of several countries in the region. Such a project could
receive political and financial support in the context of the Three Seas Initia-
tive that aims to channel public and private investment into strategic projects
improving regional cooperation in Central and Eastern Europe with the ener-
gy sector seen as a key priority.



NEXT STEPS

Unlocking the offshore wind energy potential in the Bulgarian section of
the Black Sea requires a much-needed strategic vision for removing the so-
cio-economic, regulatory and governance obstacles preventing large-scale in-
vestment in the sector:

Bulgaria should set clear offshore wind deployment targets in the coun-
try’s National Energy Strategy and the NECP, which will send a clear sig-
nal to potential investors that policy-makers are committed to laying the
right policy and governance groundwork.

Bulgaria should leverage the vast EU and national financial instruments
at its disposal to finance feasibility studies, pilot projects, port infrastruc-
ture development, R&D activities, training of wind engineers and power
grid upgrades so as to provide an efficient investment environment serv-
ing as an economic incentive for private investors.

Bulgaria should update the Maritime Spatial Plan, as required under
the MSP Directive™, by including a dedicated chapter on offshore energy
development that will determine the mechanisms for managing poten-
tial conflicts between offshore wind construction and operation and oth-
er maritime activities including shipping, fishing, and the functioning of
naval bases. There needs to be a clear delimitation of the maritime areas
where offshore wind projects could have an impact on the ecosystem and
could risk the destruction of archeological artefacts.

There is a need for a detailed development plan for offshore wind deploy-
ment that includes the necessary maritime area investigations, a capacity
density plan that sets the requirements for the optimal positioning and
deployment of wind farms, the different impact assessments, the national,
regional and local coordination activities and a site-specific implementa-
tion strategy. Besides coordination, such a plan can contribute to the re-
duction of project development time and can help build up the adminis-
trative capacity of the relevant institutions.

There is a need for a legal gap analysis based on in-depth consultations
with all stakeholders and relevant institutions so as to identify the neces-
sary changes to the legal and regulatory framework with a focus on the
State Property Act, the Water Act, the Renewable Energy Act, the Environ-
mental Protection Act and others.

Bulgaria should introduce financial support schemes for offshore wind
investment through the organization of power auctions and the institu-
tion of contracts for difference and corporate power purchase agreements”
that have proved to be an efficient way of incentivizing renewable energy
investment in a predictable time framework while minimizing the cost of
the generated electricity for final consumers.
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EUR-lex, Directive 2014/89/EU of the European Parliament and of the Council of 23 July 2014
establishing a framework for maritime spatial planning.

The power purchase agreements are bilateral contracts, which are signed for purchasing the
generated power at pre-defined conditions and for longer periods. They represent suitable
solutions for establishing power purchasing long-term relationships with locally based in-
dustrial consumers.


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014L0089
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014L0089
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Contracts for difference and power purchase agreements guarantee pre-
dictable remuneration for wind investors that will enable them to achieve
more cost-effective financing terms. In a market environment with rising
wholesale power prices, auctions can serve as a price cap in the long run.
The Energy System Security Fund that is used to facilitate the payment
of premiums to renewable energy companies with long-term power pur-
chasing agreements with the state-owned National Electricity Company
can also be the preferred vehicle for managing the contractual relation-
ship with new offshore wind investors.

The introduction of corporate power purchase agreements for offshore
wind investment can, in the long run, contribute to the low-carbon trans-
formation of the energy mix of large, industrial, energy consumers, es-
pecially in the Varna region, which is characterized by a low electricity
transmission capacity undermining the security of supply of regional
consumption centers.

Power auctions should not only be limited to Bulgaria but should expand
across the whole Black Sea region. Cross-border auctioning mechanisms
are recommended for the establishment of offshore wind energy partner-
ships, as well as technology and know-how transfer with neighboring
countries.

Bulgaria should introduce open-door procedures for the provision of eco-
nomic incentives to offshore wind investments. Open-door procedures,
common in Denmark, provide the wind developers with the initiative to
choose a specific project site and then apply for an exploration license to
conduct all the required site-specific assessments.

The production of electricity from offshore wind farms should be sup-
ported as part of the development of the hydrogen industry and in par-
ticular the production of green hydrogen, as outlined in the European
Green Deal. Green hydrogen can facilitate the deep decarbonization of key
sub-sectors in energy, transport, and industry, and could serve as a key
tool in regulating energy systems. Green hydrogen can satisfy the energy
needs of large enterprises in the planned industrial zone, Varna, as well as
become a raw material for the large chemical industry in the region.



APPENDIX I: Wind Resource of Pre-Selected Areas

(150 m height)

Wind Speed m/s

[ ]7.000000
[ 7.100000
[ 7.200000
[ 17300000
[ 7.400000
I 7.500000

[ 7600000
km [ ]7.700000

I t t t t t t { 7.
025 75 125 175 [ 7.800000
[ 7.900000
I 5.000000

Wind Speed m/s

[ ]7.000000
[ 7700000
[ 7.200000
[ 17300000
[ 7.400000
I 7.500000
[ 17.600000
[ 17700000
[ 17.800000
[ 7.900000
[ 8.000000

Source: CSD based on Global Wind Atlas data.

0 25 75 125 175 225

Wind Speed m/s

[ ]7.000000
[ 7.100000
[ 7.200000
[ ] 7300000
] 7.400000
I 7500000
[ ]7.600000
[ ]7.700000
[ ] 7800000
[ 7.900000
I 8.000000

Wind Speed m/s

[ ]7.000000
[ 7.100000
[ 7.200000
[ ] 7300000
] 7.400000
I 7500000
[ ]7.600000

km

[ ]7.700000
[ ] 7800000
[ 7.900000
I 8.000000

Global Wind Atlas 3.0, a free, web-based application developed, owned and operated by the Technical University of Denmark (DTU). The Global Wind Atlas 3.0 is released
in partnership with the World Bank Group, utilizing data provided by Vortex, using funding provided by the Energy Sector Management Assistance Program (ESMAP).

For additional information: https://globalwindatlas.info


https://globalwindatlas.info
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APPENDIX II: Water Depths at the Pre-Selected Areas
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Source: CSD based on Global Wind Atlas data.
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Global Wind Atlas 3.0, a free, web-based application developed, owned and operated by the Technical University of Denmark (DTU). The Global Wind Atlas 3.0 is released in
partnership with the World Bank Group, utilizing data provided by Vortex, using funding provided by the Energy Sector Management Assistance Program (ESMAP). For addi-

tional information: https://globalwindatlas.info


https://globalwindatlas.info
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APPENDIX III: Navigation Routes and Submarine
Infrastructure at the Pre-Selected Areas
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Source: CSD based on Navionics Base Map.
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APPENDIX IV: Environmental Protected Territories in Area 1

Natura 2000 Network near the Shabla Coast

= Protected sites under the Bird Directive
— Protected sites under the Habitat Directive

Source: CSD based on Natura 2020 Network Viewer by the European Environment Agency.

Offshore Wind Energy Deployment Area near the Shabla Coast
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Source: CSD based on Navionics Base Map.
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APPENDIX V: Size of the Pre-Selected Areas Before and
After Applied Restrictions (km?)

Area 2

40 14 26 0 26
200 0 200 0 200

Area 4
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APPENDIX VI: LCOE Calculations and
Parameters Sensitivity

Wind system size

Turbine units Unit

Gross Capacity Factor %

Net capacity factor, gross to net conversion 91 % %

Wind energy production per year

CAPEX (net) per MW, bottom-fixed concept 000 €/MW
CAPEX (net) per MW, floating concept 000 €/MW
Decommissioning cost per MW ‘000 €/ MW
Project lifecycle Years
OPEX (O&M), bottom-fixed concept €/MW/year
OPEX (O&M), floating concept €/MW/year

OPEX annually decrease
Inflation
WACC (real)

WACC (real), floating concept

n=30

%

%

%

=
a1
o

Net capacity factor x System size x (24*365)

2,000.00 2,800.00

3,200.00 3,700.00

annual discounted expenditure

LCOE=)
i=0

annual discounted wind energy generation
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Parameter Variation (%) -9% - 9% 27%

CAPEX (‘000 €/MW) 2000 - 2400 2800

LCOE (€/MWh) 62 - 70.5 79

Parameter Variation (%) -60% - 400%

System Size 40 - 500

LCOE (€/MWh) 65 - 64

Parameter Variation (%) -33% -17% - 17% 33% 50%
Real WACC (%) 4% 5% - 7% 8% 9%
LCOE (€/MWh) 58 62 - 71 76 81

Parameter Variation (%) -9% - 9% 27%

CAPEX (‘000 €/MW) 2000 - 2400 2800

LCOE (€/MWh) 70 - 79 88

Parameter Variation (%) -60% - 400%

System Size 40 - 500

LCOE (€/MWh) 73 - 70

Parameter Variation (%) -33% -17% - 17% 33% 50%
Real WACC (%) 4% 5% - 7% 8% 9%
LCOE (€/MWh) 65 70 - 80 85 91
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Parameter Variation (%) -5% - 5% 10%
CAPEX (‘000 €/ MW €/MW) 3210 - 3550 3720
LCOE (€/MWh) 113 - 122 126
Parameter Variation (%) -50% - +50% +100%
Distance to shore (km) 25 - 75 100
e Effect on CAPEX (‘000 €/MW) 3340 - 3420 3460
e Effect on OPEX (‘000 €/MW) 11.7 - 12.1 12.3
LCOE (€/MWh) 116 - 119 121
Parameter Variation (%) -13% - 13% 25%
Real WACC (%) 7% - 9% 10%
LCOE (€/MWh) 110 - 125 133

Parameter Variation (%) -5% - 5% 10%
CAPEX (‘000 €/MW) 3210 - 3550 3720
LCOE (€/MWh) 127 - 137 142
Parameter Variation (%) -50% - +50% +100%
Distance to shore (km) 25 - 75 100
e Effect on CAPEX (‘000 €/MW) 3340 - 3420 3460
« Effect on OPEX (‘000 €/MW) 117 - 12.1 123
LCOE (€/MWh) 130 - 134 136
Parameter Variation (%) -13% - 13% 25%
Real WACC (%) 7% - 9% 10%
LCOE (€/MWh) 124 - 141 150
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