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Executive Summary 

This final report corresponds to Deliverable 3, άwŜǇƻǊǘ ǿƛǘƘ ǘŜŎƘƴƛŎŀƭ ƛƴǇǳǘǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǘƻ 
ƛƴŦƻǊƳ /ƭƛŜƴǘΩǎ ǎŜƭŜŎǘƛƻƴ ƻŦ ǎƛǘŜǎ ǿƛǘƘ ƎƻƻŘ ǇǊƻǎǇŜŎǘǎ ŦƻǊ ƎŜƻǘƘŜǊƳŀƭ ŘŜǾŜƭƻǇƳŜƴǘέΣ ǳƴŘŜǊ /ƻƳǇƻƴŜƴǘ LL 
of the άGeothermal Energy for Energy Security in Bulgariaέ Reimbursable Advisory Services (RAS) 
Agreement between the Ministry of Energy (MoE) of the Republic of Bulgaria and the International Bank 
for Reconstruction and Development (IBRD). It aims to advise the MoE on the identification of relevant sites 
with good prospects for the utilization of geothermal energy, including for potential direct use of 
geothermal energy for heating and cooling and/or potential electricity generation ς as part of Investment 
7 (άtƛƭƻǘ ǇǊƻƧŜŎǘ ƻƴ ŎƻƳōƛƴŜŘ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊ ŦǊƻƳ ƎŜƻǘƘŜǊƳŀƭ ǎƻǳǊŎŜǎέ) of Component 4 of the άLow-
carbon Economyέ of the Bulgarian Recovery and Resilience Plan (RRP). 
 

For the purposes of the present report, the World Bank (WB) has conducted assessments in order to (i) 
determine, quantify, and map the demand for heat in Bulgaria; and (ii) identify and rank of the most 
prominent areas/sites for larger-scale geothermal development, given their geologic conditions and 
geothermal resource characteristics. This report builds on these assessments, identifying the seven most 
promising geothermal resource areas in the country and matching this analysis with the demand 
perspective from residential and industrial sectors, including district heating (DH) and combined heat and 
power (CHP) facilities.  
 

This report aligns with Bulgaria's commitment to diversify energy sources. As EǳǊƻǇŜŀƴ ¦ƴƛƻƴΩs (EU) most 
carbon-intensive economy, the country faces challenges stemming from its heavy reliance on non-
renewable energy sources, notably coal and lignite, which contribute to over 70 percent of the country's 
greenhouse gas emissions. Recent geopolitical events, including the Russian invasion of Ukraine and rising 
energy prices, have accelerated the 9¦Ωǎ ŀƴŘ .ǳƭƎŀǊƛŀϥǎ ǘǊŀƴǎƛǘƛƻƴ ŀǿŀȅ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ in 
its recently updated National Energy and Climate Plan (NECP, 2024, currently under review by the European 
Commission), the country raised its national targets for renewable energy sources and energy efficiency. 
In this respect, as part of a National Recovery and Resilience Plan approved in April 2022, Bulgaria has 
committed to considerably increasing the share of renewable energy sources in its energy mix, including 
geothermal energy, by 2026. While wind and solar power have seen substantial growth in recent years, 
geothermal energy remains underutilized in Bulgaria.  
 
Seven most promising geothermal areas were identified based on the available information on geothermal 
resources in the country, including public papers and reports produced by academics and data from 
ƛƴǎǘƛǘǳǘƛƻƴŀƭ ǎƻǳǊŎŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƳŜŜǘƛƴƎǎ ǿƛǘƘ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ǎƛǘŜǎΩ Ǿƛǎƛǘ ǘƻ ƛŘŜƴǘƛŦƛŜŘ areas. On this basis, 
the following sites were identified in northern Bulgaria: Pleven, Varna, and Vratsa; in central Bulgaria: Sofia; 
and in southern Bulgaria: Struma Valley, Velingrad, and Erma Reka. All these areas contain proven medium-
temperature geothermal resources suitable for direct-use applications. 
 

Further investigation would be needed to explore the potential for geothermal electricity generation, which 
requires higher-temperature geothermal reservoirs than those currently confirmed in Bulgaria. In northern 
Bulgaria, geothermal resources with temperatures that might allow for moderate-scale electricity 
generation seem to be available in deeper aquifers (3,000-5,000 m), but these have not yet been 
sufficiently assessed and need to be further investigated. In southern Bulgaria, deeper, as-yet undrilled 
parts of the geothermal systems may host higher-temperature fluids than those currently known at 
relatively shallow depths. 
 

The potential for geothermal heat direct use in Bulgaria has been assessed by first mapping the heat 



10 
 

demand for the entire territory of Bulgaria, with different sources of public information used to estimate 
the heat consumption in the residential sector, industries and agriculture and farming. The areas of Sofia, 
Varna, Burgas, Plovdiv, and Haskovo represent the five major zones with concentration of heat demand in 
Bulgaria. Taking into account heat generated by dedicated facilities, namely DH and CHP, the three regions 
of Sofia, Varna and Ruse have been shown to present interesting factors for the potential use of geothermal 
energy, namely (i) significant residential demand, (ii) heat production infrastructure (e.g. a district heating 
facility and various industrial facilities) and (iii) coal-fired heat-producing facility that is transitioning to 
carbon-neutral fuel or being phased out in the medium term.  
 

The analysis conducted for this report then proceeded to assess the potential heat demand among the 
identified geothermal areas (Figure ES-1), which is highly diversified by geographic concentration and 
energy volumes. The municipalities of Sofia and Varna have been identified as presenting a similar pattern: 
presence of significant residential demand, relevant infrastructure (i.e., a DH system), various industrial 
facilities, and a coal-fired facility aimed at producing heat and transitioning to carbon-neutral fuel or being 
phased out in the medium term. In the Struma Valley, the existing greenhouse business could constitute 
an effective case for application of geothermal energy, contributing to the modernization and expansion of 
resilient agriculture in Bulgaria. Interesting opportunities for geothermal applications could also be found 
in the other areas identified (Pleven, Vratsa, Velingrad and Erma Reka), but the geothermal projects would 
typically be of smaller size due to the more dispersed and limited heat demand in these areas. In Pleven 
and Vratsa, the hotter geothermal resource is also located at depths exceeding 2,000 m, that may challenge 
the financial viability of small geothermal developments.   

Figure ES-1. Consolidated map: Heat demand and geothermal resource areas.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 
New sources of heat demand could arise from the coal transition, such as from DH systems or large 
industrial complexes, which rely largely on coal. In the agriculture sector, the switching of open air to 
greenhouse crops could help enhance resilience to climate change impacts. Such demand could be ideally 
supported by direct uses applications of geothermal energy, which have proven successful in other 
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countries.  

Environmental and social aspects should be considered when evaluating sites for potential geothermal 
development Thƛǎ ǊŜǇƻǊǘΩǎ analysis of environmental constraints and socio-economic conditions has not 
excluded any of the potential sites, but rather points to some limitations (in the case of protected areas) 
and risks to be assessed and mitigated, while positive externalities (in terms of economic development) 
may need to be considered when prioritizing projects.   
 
The economic analysis of geothermal energy in the selected areas has estimated that geothermal would 
be a cost-effective option, while demonstrating a low carbon footprint. A two-step approach has been 
developed to assess the levelized cost of geothermal energy based on key inputs, including flow rate, 
temperature and depth, through a two-step calculation tool. The Levelized Cost of Heat (LCOH) estimates 
for geothermal energy in the selected areas reveal significant variations among the different geothermal 
areas, reflecting inherent differences in the characteristics of the geothermal resources. Illustrative projects 
cases show that geothermal energy is competitive with alternative technologies when factoring in the cost 
of CO2 emissions, while the financial cost may be competitive with certain technologies depending on 
location and types of projects. The parameters for the analysis should nevertheless be confirmed on a case-
by-case basis through detailed analysis.  
 

The identification and implementation of pilot projects may contribute to derisking the development of 
geothermal energy by showcasing the viability and potential value of this technology. The importance of 
district heating facilities and the requirements to lower their carbon footprint in the medium term would 
make them ideal candidates for the application of geothermal energy to produce heat for households and 
small businesses, provided they are in identified promising areas. Greenhouses could also represent an 
interesting opportunity for enhanced climate resilience. Based on the combined review of geothermal 
resource, heat demand and generation, and expected economic and financial performance, three projects 
could be considered as initial options to kickstart geothermal development in Bulgaria: (i) District heating 
in Sofia, (ii) District heating in Varna, and (iii) Greenhouses in the Struma Valley.  
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1 Introduction 

Under Component 4 ς Low-carbon Economy ς of its Recovery and Resilience Plan supported by the 
European Commission, the Government of Bulgaria has committed to developing ŀ άPilot project on 
combined heat and power from geothermal sourcesέ όLƴǾŜǎǘƳŜƴǘ тύΣ ǿƘƛŎƘ ŀƳƻƴƎ ƛǘǎ ŀŎǘƛǾƛǘƛŜǎ ƛƴŎƭǳŘŜǎ ŀ 
review of the existing information on geothermal potential in Bulgaria. The Government of Bulgaria has 
tasked the World Bank (WB) with supporting this effort under a Reimbursable Advisory Services (RAS) 
agreement signed on May 4, 2023. The WB counterpart for this assignment is the Ministry of Energy (MoE) 
of Bulgaria όάǘƘŜ /ƭƛŜƴǘέύ. 
 
This final report corresponds to Deliverable 3 (άwŜǇƻǊǘ ǿƛǘƘ ǘŜŎƘƴƛŎŀƭ ƛƴǇǳǘǎ ŀƴŘ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǘƻ 
ƛƴŦƻǊƳ /ƭƛŜƴǘΩǎ ǎŜƭŜŎǘƛƻƴ ƻŦ ǎƛǘŜǎ ǿƛǘƘ ƎƻƻŘ ǇǊƻǎǇŜŎǘǎ ŦƻǊ ƎŜƻǘƘŜǊƳŀƭ ŘŜǾŜƭƻǇƳŜƴǘέ) under Component II 
of the RAS Agreement. It aims to advise on the identification of relevant sites with good prospects for the 
utilization of geothermal energy, including for potential direct use of geothermal energy for heating and 
cooling and/or electricity generation. 

The overall scope of work under this task has been subdivided into the following main activities: 

¶ A review of relevant existing geothermal resource information and a general analysis of relevant local 
geographic characteristics, environmental and social aspects, resource ownership, and pre-existing 
uses of known prospective sites and new sites. 

¶ An analysis of productive uses and demand for geothermal heat by local communities and industries 
for the sites identified by the MoE, as well as potential opportunities for geothermal electricity 
generation and evaluation of relevant existing facilities that could benefit from using geothermal heat, 
including a preliminary high-level study of the potential feasibility of local communities and industries 
using/switching to the geothermal energy. 

¶ Provision of support for Client efforts to identify potential sites for larger-scale geothermal 
development (target: at least six sites) and recommendations on next steps and proposed analysis to 
be carried out by the MoE in the future, in order to evaluate and confirm the existing geothermal 
resources, including: (a) potential surface investigations, (b) information that the Client may need in 
order to design drilling campaigns, (c) good practices for carrying out environmental and social 
assessments, and (d) information the Client may need in order to carry out feasibility assessments in 
the future. 

For this purpose, the WB has conducted the following assessments:   
 

¶ An analysis of productive uses and potential demand for geothermal heat by local communities and 
industries, aimed at determining, quantifying, and mapping the demand for heat in Bulgaria, as a 
basis for identifying potential demand by local communities and industries that could be supplied by 
geothermal heat. 

¶ A review and general assessment of available geothermal resources, aimed at characterizing 
areas/sites with good prospects for larger-scale geothermal development, given their geologic 
conditions and geothermal resource characteristics, as allowed by available/accessible data. 

The assessment of the available geothermal resources and existing heat demand was also informed by 
several meetings with key stakeholders in Sofia and, in late November and early December 2023, site visits 
to selected key geothermal areas in Bulgaria: Levunovo, Sandanski, Rupite, Velingrad (Kamenitsa and 
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Draginovo), Sapareva Banya, Kyustendil, and Sofia (Kazichene and Ravno Pole).  

The key results of these assessments are consolidated in the present report, by integrating both sets of 
data to depict the areas where demand and supply could meet and drive the development of geothermal 
projects. The purpose of this report is not to provide a technical solution or a specific project development 
path, but rather to identify the existing demand for heating and compare it with the most promising and 
accessible sources of geothermal energy identified in the country. With such an analysis, the MoE will be 
provided with a tool that can support both effective planning of geothermal development and decisions to 
further evaluate the resource capacity and the technical and financial viability of projects in the more 
promising sites, given the resource characteristics and identified heat demand.  

The maps presented in the report will highlight in a structured manner (a) the geographic location of heat 
demand and (b) the geothermal areas identified as more promising for commercial development. Figure 1 
illustrates the methodology consisting of mapping the heat demand (residential and industrial, including 
district heating and CHP facilities), and then superposing this demand with the promising geothermal areas 
identified. This analysis aims at identifying the relationships between supply and demand for each area of 
interest, evaluating their respective order of magnitude and extracting key prioritization criteria. 

Figure 1: Consolidated map: Heat demand and geothermal resource areas. 

 
Source: ŀǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

This report will refer to the following official definitions for geothermal energy temperature ranges included 
in the Bulgarian Renewable Energy Act: 

¶ άLow temperature geothermal energyέ for temperatures less than 30°C. 

¶ άMedium temperature geothermal energyέ for temperatures between 30°C and 90°C. 

¶ άHigh temperature geothermal energyέ for temperatures above 90°C. 
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Depending on the resource temperature and capacity, multiple applications of geothermal energy may be 
possible, including: 
 

¶ Direct use for heating or cooling purposes, from low to medium temperature resources. 

¶ Direct use for pre-heating purposes, from medium temperature resources, for processes requiring 
a temperature higher than that of the available geothermal resource, like district heating or 
industrial processes. 

¶ Power generation, or combined heat and power (CHP), from high temperature resources. 

However, the costs and risks of geothermal resource development and extraction, as well as the distance 
between heat demand and supply (geothermal resource location) may hinder the project economics and 
challenge an approach based on geothermal energy.  
 
The present report summarizes all the investigations conducted by the WB and provides the technical 
inputs necessary for the MoE to finalize the selection of relevant sites with good prospects for the utilization 
of geothermal energy. The report also provides recommendations on next steps and further analysis to be 
carried out to evaluate and confirm the existing geothermal resources in the areas presenting good 
prospects, as agreed with the MoE. 
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2 Energy Sector Context 

2.1. Energy Matrix 

Bulgaria is the most energy- and carbon-intensive economy in the European Union (EU) and ranks last in 
the EU in terms of air quality. The energy sector is the largest emitter of greenhouse gases (GHG) in the 
country, accounting for more than 50 percent ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴǎ1. This situation stems from 
the heavy reliance on non-renewable sources of energy supply, particularly coal. As of 2021, fossil fuels 
accounted for 63 percent of the energy matrix, while traditional biomass contributed 15 percent and the 
remaining 21 percent was represented by nuclear power (see Figure 2). Fossil fuelsΩ ǎƘŀǊŜ Ƙŀǎ shown a 
decreasing trend, reducing by 8 percent between 2010 and 2021, being mostly replaced by renewables. 

Figure 2: Energy mix of Bulgaria (2010-2021) 

 

Source: Eurostat2 

The energy consumption of the residential sector relies mainly on electricity (42.8 percent) and 
subordinately on solid fossil fuels (5.8 percent), oil (0.9 percent), renewables and biofuels3 (31.8 percent), 
heat4 (14.1 percent), and natural gas (4.7 percent) in 20215.  

In the power sector, as of 2021, coal provided 36 percent of electricity generation, nuclear 35 percent, 

 
 
1 According to the 2022 EU Climate Progress Report, in 2021, the highest contribution to net GHG emissions in Bulgaria came 
from the energy sector (51%), followed by the transport (23%) and industry sectors (23%). See  
https://climate.ec.europa.eu/system/files/2023-04/bg_2022_factsheet_en.pdf.  
2  
3 Mainly firewood and wooden pellets. 
4 Heat is issued from CHP plant or DH facilities. 
5 https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Energy_consumption_in_households&oldid=437946%23Energy_products_used_in_the_residential_se
ctor#Energy_products_used_in_the_residential_sector 

https://climate.ec.europa.eu/system/files/2023-04/bg_2022_factsheet_en.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_consumption_in_households&oldid=437946%23Energy_products_used_in_the_residential_sector#Energy_products_used_in_the_residential_sector
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_consumption_in_households&oldid=437946%23Energy_products_used_in_the_residential_sector#Energy_products_used_in_the_residential_sector
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_consumption_in_households&oldid=437946%23Energy_products_used_in_the_residential_sector#Energy_products_used_in_the_residential_sector
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renewables 22 percent, and natural gas 6 percent (Figure 3). 

Figure 3: Electricity mix of Bulgaria (2010-2021). 

 
Source: Eurostat 

Heating in Bulgaria is dominated by fossil fuels. Table 1 and Table 2 highlight fuel consumption patterns as 
well as the respective contribution of each fuel type to heat production in Bulgaria, underlining the 
dominance of coal and lignite and the need for diversification towards cleaner alternatives to achieve 
sustainable heating solutions. The remaining gap to address, 88 percent of fuel consumption for heating, 
could indeed be filled by biomass (provided it is sustainably produced) as a direct replacement of solid fossil 
fuels, while geothermal energy, given the characteristics described in the present report, could significantly 
contribute direct heat in district heating, greenhouses, and industrial processes, as well as support energy 
efficiency measures by preheating the boiler feedwater in a variety of heating processes. On the other end 
of the spectrum, geothermal heat pump technology can support the electrification of district/space heating 
or industrial heating processes. 

Table 1: Average and yearly fuel consumption of heat production facilities in Bulgaria. 

Fuel type 

Average Fuel 
consumption 
2018-2022 

(MWh) 2018 2020 2019 2021 2022 

Average 
yearly CO2 
emissions 

(t)*  

Coal6 6,181,387 6,727,659 5,679,688 5,904,165 5,368,548 4,295,037 2,105,133 

Fuel oil 19,380 17,635 16,903 19,409 8,983 n.d. 5,400 

Gas oil 9,144 615 34,724 525 710 n.d. 2,439 

Lignite 2,425,424 2,196,830 2,723,437 2,356,004 n.d. n.d. 881,884 

Natural gas 9,573,571 8,324,099 8,625,701 8,346,204 9,294,789 8,441,264 1,933,478 

RDF 11,294 26,820 0 18,358 0 n.d. 3,388 

Solid biomass 1,349,067 1,641,854 864,340 1,569,880 772,363 53,615 53,963 
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Solid biomass - other 28,370 0 0 88 64,831 76,930 1,135 

Solid biomass - straw 4,370 392 11,522 9,937 0 0 175 

Solid biomass - sunflower 
pellets 

8,331 9,264 16,898 15,495 0 0 333 

Solid biomass - wooden 
chips 

10 0 0 52 0 0 0 

Total 19,610,349      4,987,329 

Source: Author's analysis of data from Eurostat, National Statistics Institute, reports to the Executive Environmental Agency, and 
/It ƻǇŜǊŀǘƻǊǎΩ ǇǊƛŎƛƴƎ ŀǇǇƭƛŎŀǘƛƻƴ 

Note: RDF = refuse-derived fuel / n.d: not disclosed 

* t = metric tons 

Table 2: Weight of fuel in heat production (%). 

Fuel type 

 
Heat production per fuel 

type (average fuel 
consumption, 2018-2022) 

Coal 
 

31.51% 

Fuel oil 
 

0.10% 

Gas oil 
 

0.05% 

Lignite 
 

12.37% 

Natural gas 48.83% 

RDF 
 

0.06% 

Solid biomass 6.88% 

Solid biomass - other 0.14% 

Solid biomass - straw 0.02% 

Solid biomass - sunflower pellets 0.04% 

Solid biomass - wooden chips 0.00% 

Source: Author's analysis 

Note: RDF = refuse-derived fuel 

Regulated tariffs are used in Bulgaria to charge households for electricity and district heating. These tariffs 
were raised once in 2022, with an increase of 3 percent for electricity and 39 percent for district heating ς 
relatively minor price increases compared to those elsewhere in the EU (Figure 4), supply shortages drove 
commodity prices to levels never seen in Europe. Despite those measures, however, an estimated 22.5 
percent of the population were unable to keep their home adequately warm in 20227.  

 
 
7 Eurostat, https://energy-poverty.ec.europa.eu/observing-energy-poverty/national-indicators_en.  

https://energy-poverty.ec.europa.eu/observing-energy-poverty/national-indicators_en
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Figure 4: Retail prices evolution in Bulgaria: Industry (left) and households (right) 

  
Source: European Commission, Country report on Bulgaria, 20238, from Eurostat 

Tariffs have been subsidized, through a price cap, to protect households and businesses from spiking energy 
bills, with a significant impact on public finances. In 2022, iƴ ǘƻǘŀƭΣ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ ŀƭƭƻŎŀǘŜŘ ϵоΦф ōƛƭƭƛƻƴ ǘƻ 
households and businesses, or 5.9 percent of GDP. Figure 5 compares funds allocated to households among 
EU members from September 2021 to January 2023, with Bulgaria providing the second-highest level of 
subsidies relative to GDP.   

Figure 5: Governments earmarked and allocated funding to shield households and firms from the energy crisis 
(as % of GDP), September 2021 to January 2023. 

 
Source: Bruegel, https://www.bruegel.org/dataset/national-policies-shield-consumers-rising-energy-prices  

 
 
8 2023 Country Report - Bulgaria (europa.eu), p40 

https://www.bruegel.org/dataset/national-policies-shield-consumers-rising-energy-prices
https://mcas-proxyweb.mcas.ms/certificate-checker?login=false&originalUrl=https%3A%2F%2Feconomy-finance.ec.europa.eu.mcas.ms%2Fsystem%2Ffiles%2F2023-06%2Fip226_en.pdf%3FMcasTsid%3D20892&McasCSRF=81e549146dcd0210de73fc0d05f33a0f7adcd35e995752d827412f400c10dbad
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2.2. Decarbonization of the Energy Matrix  

As a result of power production and heating-related emissions, a large proportion of .ǳƭƎŀǊƛŀΩǎ population 
is exposed to air pollution levels that exceed EU standards, especially during winter in urban areas. 
According to the European Environment Agency, in 2021, 28 percent of the urban population of Bulgaria 
was exposed to PM10 levels exceeding EU standards9. ¢ƘŜ ŎƻǳƴǘǊȅΩǎ Ŝnergy poverty remains among the 
highest in the EU, with 18.8 percent late on utility bills and 22.5 percent unable to keep their homes 
adequately warm in 2022, according to Eurostat data10. 

In line with EU climate targets, Bulgaria has committed to significantly decarbonizing its energy supply. In 
2020, Bulgaria adopted a National Energy and Climate Plan (NECP) 2021-2030, which was subsequently 
updated in June 2024 and is under review by the European Commission (EC)11. The country has set the 
following targets for 2030: (i) reducing primary energy consumption by 11.6 percent and final energy 
consumption by 10.7 percent (from a 2020 baseline); and (ii) increasing the share of renewable energy 
from 20.5 percent (2018) to 34.1 percentΦ ¢ƘŜ b9/t ŜǎǘƛƳŀǘŜǎ ƛƴǾŜǎǘƳŜƴǘ ƴŜŜŘǎ ƻŦ ϵпнΦт billion to meet 
its targets by 2030, which will require the judicious use of public resources to leverage commercial 
financing, and prioritization of the highest-impact and lowest-cost measures.  

As part of its Recovery and Resilience Plan (RRP), approved in April 2022, Bulgaria committed to phasing 
out coal by 2038, and by 2026 expects to considerably increase the share of renewable energy sources in 
its energy mix (deployment of 3.5 GWe of renewables, with 1.4 GWe collocated with storage), including 
ƎŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅΦ hǾŜǊŀƭƭΣ ǘƘŜ wwt ŦƻǊŜǎŜŜǎ ϵмΦт ōƛƭƭƛƻƴ of investment in renewable energy sources, 
ŜƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜΣ ŀƴŘ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ŎŀǇŀŎƛǘƛŜǎΤ ŀƴŘ ƻǾŜǊ ϵм ōƛƭƭƛƻƴ ƛƴ ǘƘŜ ŜƴŜǊƎȅ-efficiency renovation 
of the building stock.  

¢ƘŜ wǳǎǎƛŀƴ ƛƴǾŀǎƛƻƴ ƻŦ ¦ƪǊŀƛƴŜ Ƙŀǎ ŀŎŎŜƭŜǊŀǘŜŘ .ǳƭƎŀǊƛŀΩǎ ƴŜŜŘ ǘƻ ǘǊŀƴǎƛǘƛƻƴ ŀǿŀȅ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭǎ ŦƻǊ 
power and heat and to increase the use of local energy resources. Even before the invasion, the EU was 
facing high and volatile energy prices. In February 2022, wholesale gas and electricity prices were over 200 
percent higher than in the previous year, even before the Russian invasion of Ukraine. Since the war broke 
out, the security of supply in some EU Member States has deteriorated and further exacerbated the energy 
price volatility in global energy markets. Bulgaria, which had been relying heavily on Russian gas imports 
(which accounted for more than 70 percent of its gas supply before the war) saw its supply from Russia cut 
off at the end of April 2022. While the country managed to source gas from other countries, the risk of a 
shortfall of gas remains. Rising gas prices and the ever-more-visible effects of climate change in continental 
Europe call for an acceleration in the transition away from imported gas and fossil fuels. In May 2022, the 
EU launched its REPowerEU plan to accelerate the green transition and reduce the dependency on Russian 
Ǝŀǎ ƛƳǇƻǊǘǎΦ ¢ƘŜ Ǉƭŀƴ ǇǊƻǇƻǎŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ 9¦Ωǎ нлол ǘŀǊƎŜǘ ŦƻǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ όw9ύ ŦǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘ 
42.5 percent to 45 percent12.  

Although wind and solar power generation have grown rapidly over the past decade in Bulgaria, geothermal 
energy potential has remained largely untapped. The share of energy from renewable sources in final 

 
 
9 See https://www.eea.europa.eu/themes/air/country-fact-sheets/2023-country-fact-sheets/bulgaria-air-pollution-country. 
PM10 = particulate matter with a diameter of 10 micrometers (µm) or less. 
10 Eruostat, https://energy-poverty.ec.europa.eu/observing-energy-poverty/national-indicators_en. 
11 The final version of the NECP may undergo changes.  
12 https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-
targets_en.   

https://www.eea.europa.eu/themes/air/country-fact-sheets/2023-country-fact-sheets/bulgaria-air-pollution-country
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-targets_en
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-targets_en
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energy consumption has more than doubled over the last 10 years, with a total installed renewable capacity 
of 5.2 GWe, of which 2.2 GWe are from solar and wind, as of 202213. Geothermal energy is still very 
marginal, being reported at approximately 109 MWt of installed capacity for direct applications ς mostly in 
balneology (the use of thermal mineral waters for healing purposes) but also for individual space heating, 
air conditioning, greenhouses, and geothermal heat pumps (see Section II.3 below for details). To achieve 
its NECP targets, Bulgaria envisions adding 6.3 GWe of renewable capacity (solar, wind and biomass) 
between 2020 and 2030, reaching a total of 8.1GWe installed capacity in 2030, with solar accounting for 
5.5 GWe, wind 2.6 GWe, and biomass 0.3 GWe.  

2.3. Geothermal Energy  

Bulgaria has a long tradition in the use of geothermal waters, mostly for thermal bathing facilities that often 
date back to Roman times. Historical thermal baths exist in many cities, including Sofia, and are often still 
in operation. Modern spa resorts for leisure and balneotherapy (medical treatment, rehabilitation, 
relaxation, and swimming) have been developed in several areas of central and southern Bulgaria and along 
the northern Black Sea coast, because the thermal waters in these regions have low salinity and/or chemical 
properties appropriate for thermal bathing and treatments (Figure 6).  

Figure 6: Ancient and modern thermal bathing facilities in Bulgaria. Ruins of Roman Thermae in Kyustendil, 
with underfloor heating system (left); thermal swimming pool in Spa resort at Sapareva Banya (right).   

 
Source: Authors 

 

Beyond bathing, thermal waters have been used since Roman times for space heating in thermal spa 
buildings (see example in Figure 6) and more recently in various public and private buildings (administrative 
buildings, schools, libraries, hotels, residential buildings, etc.), as well as for other applications, though 
generally of limited size. 
  

 
 
13 IRENA, Renewable capacity statistics 2023, https://www.irena.org/Publications/2023/Jul/Renewable-energy-statistics-2023.  

https://www.irena.org/Publications/2023/Jul/Renewable-energy-statistics-2023
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Bathing is still today the largest and growing application, representing 60.1 percent of the total geothermal 
energy capacity in the country, while geothermal heat pumps represent 9.1 percent, individual space 
heating 3 percent, air conditioning 3 percent, and greenhouses 1.5 percent. The remaining portion (23.3 
percent) of the geothermal capacity is dedicated to other purposes, such as laundry and dishwashing, and 
includes non-thermal use for potable water supply and bottling of potable water and soft drinks ς mostly 
in southern Bulgaria, where the thermal/mineral water bottling business has grown quickly during the last 
30 years (Hristov et al., 2021; Hristov et al., 2023). 
  
The total geothermal capacity amounts to 109 MWt (as of 2019) and showed a rather low growth of about 
11 percent between 2009 and 2019 (Table 3). Despite this overall growth, several types of uses ς including 
individual space heating, air conditioning, greenhouse heating, and geothermal heat pumps ς have reduced 
their installed capacity since 2009, indicating a stagnant condition of the geothermal sector in Bulgaria. The 
observed growth in total capacity essentially reflects an increased use of thermal waters for bathing and 
water bottling.  

Among all applications, the heating of greenhouses experienced a significant decline from 6 MWt in 2009 
to 1.65 MWt in 2019 (Table 3). The decreased use of thermal water in some relatively large greenhouses 
in the areas of Levunovo (Struma Valley) and Kazichene (Sofia area) was apparently related to loss of 
international market, operation costs, and other issues (Hristov et al., 2021). 

Table 3: Geothermal direct heat use statistics in 2009. 

USE 

Installed Capacity 
(MWt) 

Annual Energy Use 
(TJ/yr) 

Capacity Factor 

2009 2019 2009 2019 2009 2019 

Individual Space Heating 9.28 3.3 128.56 49.9 0.44 0.48 

Air conditioning (cooling) 6.7 3.3 65.5 49.96 0.31 0.48 

Greenhouse heating 5.99 1.65 88.68 25.45 0.47 0.49 

Bathing and swimming 48.78 65.69 768.32 993.98 0.51 0.48 

Other uses (including water 
bottling) 

6.92 25.43 32.83 160.37 0.15 0.20 

Subtotal 77.67 99.37 1083.89 1279.66 0.44 0.41 

Geothermal heat pumps 20.63 10.0 286.23 47.3 0.44 0.15 

TOTAL 98.3 109.37 1370.12 1326.96 0.44 0.38 

Source: Bojadgieva et al., 2010; Hristov et al., 2021  

 
Certain applications disappeared, such as the geothermal-supported open mass cultivation of microalgae 
(Chlorella vulgaris and Spirulina platensis) that was established in the Rupite geothermal area (south Struma 
Valley) by the Bulgarian Academy of Science in 1967, using thermal water extracted from a drilled well at a 
temperature of 74°C. The microalgae were used to manufacture various types of products for medical and 
cosmetic applications (Gramatikov, 2002; Fournadzhieva et al., 2003). This activity was still reported by 
Bojadjeva et al. (2007) but not mentioned in subsequently published papers and was found to be 
abandoned during the field trip conducted by the WB team at the Rupite geothermal site. 
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3 Prospective Geothermal Resources 

3.1. Introduction and Methodology 

A desk review of available information on geothermal resources in Bulgaria has been conducted for the 
purposes of this study. This included public papers and reports produced by academics and data from 
institutional sources, such as the GEOFUND database hosted by the MoE and the online database of 
underground waters of the MoEW. The information spans from past studies characterizing geothermal 
resources in Bulgaria, to data from exploration drills for other underground resources (i.e., groundwaters 
and oil & gas). Certain reports and papers provide summaries of key information, such as the Catalogue of 
Geothermal Data of Bulgaria (Bojadgieva and Gasharov, 2001) and overviews of the general framework 
and main aspects of geothermal resources in Bulgaria (e.g., the Atlas of Geothermal Resources in Europe 
published by the European Commission in 2002). Some other documents, such as the reports produced by 
Petrov et al. (1998) and COWI-EcoProConsult (2005), provide more detailed reviews and analysis of 
geothermal areas in Bulgaria. Most of these documents were, however, prepared in the 1990s and early 
2000s, while no significant updates have been performed over the last 15-20 years. An annotated list 
appears in Annex A. Information Reviewed.  
 
In addition to the desk review, meetings with key stakeholders and visits to selected geothermal sites in 
Bulgaria, such as Levunovo, Sandanski, Rupite, Velingrad (Kamenitsa and Draginovo), Sapareva Banya, 
Kyustendil and Sofia (Kazichene and Ravno Pole) were conducted in late November - early December 2023. 
 
Despite the availability of significant information on geothermal resources at local, regional, and national 
levels, a large part of the original data (particularly from drilled wells, geophysical surveys, and chemical 
analysis of geothermal waters) is somewhat dispersed and mostly available in hard copies. The information 
on chemistry of thermal waters (sampling procedures and analytical reports), which is a key element for 
the evaluation of geothermal systems, is often of a quality not appropriate to develop detailed 
investigations and resource assessments (see review of geochemical data in Annex C). The review of the 
available information resulted therefore in a high-level evaluation of potential areas for larger-scale 
geothermal development in the country, whereas the development of specific projects would require on-
site detailed assessments and investigations to characterize the local geothermal resource. 
 
The geological and hydrogeological conditions of Bulgaria define a clear differentiation between the 
northern and the central-southern parts of the country, with significant implications for the types and 
characteristics of geothermal systems that occur in these two major regions. The geothermal resources in 
northern Bulgaria are mostly associated with deep, stratified aquifers with very limited recharge (static 
hydro-geothermal systems), while those in central and southern Bulgaria are commonly derived from deep 
circulation of meteoric water along major tectonic structures to form convective hydrothermal systems. 
For this reason, a separate approach, applying different criteria, was taken to screen the priority 
geothermal areas in northern and central-southern Bulgaria.   

In northern Bulgaria, the broad sedimentary basins of the Moesian platform and adjacent Fore-Balkan zone 
were extensively investigated and drilled for oil & gas resources, to a depth locally exceeding 4000-5000 
m, obtaining a wealth of data that also led to the discovery and characterization of large geothermal 
aquifers, particularly a shallower one (800-3000 m depth) hosted in late Jurassic ς early Cretaceous (Malm-
Valanginian) formations. Important parameters ς such as the depth, thickness, temperature, and salinity of 
the Malm-Valanginian aquifer ς are therefore known over broad areas of northern Bulgaria. Information 
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on deeper geothermal aquifers, intercepted by oil & gas wells in late Palaeozoic-Mesozoic sedimentary 
formations, was also generated, but this is much more scattered and limited than for the shallower Malm-
Valanginian aquifer (see following Section 3.2). 

The available geothermal information for northern Bulgaria was summarized and elaborated in the Atlas of 
European Geothermal Resources ό9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΣ нллнύΣ ŀǎǎŜǎǎƛƴƎ ǘƘŜ άƘŜŀǘ ƛƴ ǇƭŀŎŜέ ŀƴŘ ƛǘǎ 
ǊŜŎƻǾŜǊŀōƭŜ ŦǊŀŎǘƛƻƴ ǘƘǊƻǳƎƘ ŀ άŘƻǳōƭŜǘ ǿŜƭƭέ ŘŜǾŜƭƻǇƳŜƴǘ ŀǇǇǊƻŀŎƘΣ ǿƘƛŎƘ ŀƭƭƻǿŜŘ ŀ ǉǳŀƴǘƛǘŀǘƛǾŜ 
estimate of the extractable geothermal heat for the entire Malm-Valanginian aquifer. The information 
contained in the Atlas, together with information provided by few successive studies (i.e., COWI-
EcoProConsult, 2005; Trayanova et al., 2020; Gerginov et al., 2022), was then considered as the main 
reference for identifying the most promising geothermal areas in northern Bulgaria.  
 
In central and southern Bulgaria, characterized by the Srednegorie fault and thrusts belt and the Morava-
Rhodope mountain massif, almost no oil & gas wells have been drilled due to the geological-hydrogeological 
context, which is not favorable for the accumulation of hydrocarbons. Subsoil information in these regions 
is consequently much more limited, scattered, and shallower, being related to the localized exploration and 
harnessing of groundwaters (including thermal waters) and mineral resources, with wells commonly drilled 
at depths of a few hundred meters and rarely exceeding 1000 m. Given this more limited and localized 
availability of data, the approach used to identify priority geothermal areas in central and southern Bulgaria 
was based on the identification of thermal anomalies generated by the upflow of hot waters along regional 
tectonic structures. Many geothermal areas in this part of the country were described in detail by Petrov 
et al. (1998) and COWI-EcoProConsult (2005), which were used as main references for the identification of 
the most promising geothermal areas in central and southern Bulgaria. 

3.2. Characterization of geothermal regions 

From literature, Bulgaria could be divided in two regions based on its geothermal resources, the northern 
and the southern regions. 

3.2.1. Northern Bulgaria 

Malm-Valanginian aquifer. The sedimentary basins of Northern Bulgaria contains a widespread geothermal 
aquifer in late Jurassic ς early Cretaceous (Malm-Valanginian) formations, with temperatures not exceeding 
90-100°C, therefore essentially suited to support direct use applications. This aquifer is the best-studied 
and most important geothermal reservoir in Bulgaria. Its characteristics were documented in detail in the 
Atlas of Geothermal Resources in Europe, as well as by other authors, including in recent studies that 
evaluated its geothermal potential in the central region of north Bulgaria (Gerginov et al., 2022; Trayanova 
et al., 2020). The Malm-Valanginian aquifer is located at depths between 800 m and 3,000 m and extends 
over 11,000 km2 throughout north Bulgaria, subdivided into two main zones with distinctive 
characteristics, respectively defined as the Danube and the Black Sea zones. The Danube Zone consists of 
three areas in the western Moesian platform and the Fore-Balkan zone, respectively around Vidin, Vratsa, 
and Pleven, which contain static saline geothermal reservoirs with temperatures variable between 40°C 
and 90-100 °C. The extension and characteristics of the geothermal reservoir in these three areas are 
known with different degrees of accuracy. The Black Sea Zone of the Malm-Valanginian aquifer is located 
around Varna, along the Black Sea coast. This is part of an artesian basin containing a dynamic aquifer with 
low-salinity water of meteoric origin, and temperatures varying betwen 25°C and 65°C (see Annex B for 
more detailed information). 
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Geothermal resources, with higher temperatures, that might even allow for moderate-scale electricity 
generation, seem to be available in deeper aquifers in northern Bulgaria, but these have not yet been 
sufficiently examined and need to be further investigated. Some oil & gas wells drilled in the Moesian 
platform and the Fore-Balkan zone have discovered geothermal aquifers in Devonian-Carboniferous and 
Middle-Late Triassic formations, with measured temperatures in the 130°Cς155°C range, at depths of 
3000-5000 m (European Commission, 2002; Bojadgieva and Gasharov, 2001). These are stratified aquifers 
containing high-salinity brines with very limited recharge, defined as static hydrothermal systems by 
Shterev and Zagorchev (1996). The estimated extension of these aquifers is indicated in Figure . 
 
The Devonian-Carboniferous aquifer is the deepest (2500 to 6000 m) and least studied geothermal 
reservoir in northern Bulgaria. It probably extends over a large portion of the Moesian platform basement, 
hosted in a thick (up to 1500 -1800 m) sequence of limestones and dolomites, likely permeable at some 
levels due to secondary dolomitization and karstification. This seems to be confirmed, at least locally, by 
old wells drilled on the banks of the Danube at Gomotartsi (northwest of Vidin), and near Shumen, that 
reached permeable and productive levels in such formations. Both these findings and a general uniform 
lithostratigraphic set-up suggest this aquifer might contain large volumes of saline waters, with maximum 
temperatures of about 150°C, in its deepest parts (Shterev and Georgiev, 2011; European Commission, 
2002). 

Figure 7: Location of Middle-Upper Devonian (left) and Middle-Late Triassic (right) carbonate aquifers in 
northern Bulgaria. 

 

Source: Shterev and Georgiev, 2011 

The Middle-Late Triassic aquifer is also hosted in a widespread carbonate complex, composed of limestones 
and dolomites of Anisian to Carnian age (Doyrentsi Formation) whose areal distribution, lithostratigraphy, 
and structural features are quite well known but whose hydrogeologic and geothermal characteristics have 
been poorly investigated. The potential geothermal reservoir is situated at depths between 1500 and 5000 
m and contains brines that may reach temperatures of about 140°C in the deeper parts of the aquifer 
(Shterev and Georgiev, 2011; European Commission, 2002). 

The Catalog of Geothermal Data of Bulgaria (Bojadgieva and Gasharov, 2001) reports, for example, the 
following oil & gas wells where temperatures above 130°C were measured: 
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¶ North-West Bulgaria: 137.4°C at Komoshtitsa R-2 (3500 m); 137.5°C at Drashan R-5 (4500 m); 137.9°C 
at Chiren R-19 (4000 m); 141.5°C at Sofronievo R-1 (4000 m), 142.3°C at Hajredin R-1 (4000 m); 
143.2°C at Rasovo R-1b (4000 m); and 152°C at Dalgodeltsi R-1 (4500 m). 

¶ Central-North Bulgaria: 134.8°C at Sevlievo R-1 (4000 m); 136.4°C at Kneja R-1 (4000 m); 149.3°C at 
Umarevisi R-1 (4500 m); and 156.9°C at Aglen R-2 (5000 m). 

Geothermal brines produced from similar wells, even considering the conductive cooling of the up-flowing 
fluid in the borehole during production, may be harnessed for geothermal use. However, the remarkable 
depth (3000-5000 m) of these reservoirs makes their use challenging from an economic perspective14. Due 
consideration should also be given to the chemical composition of the reservoir brine and its non-
condensable gas content (NCG), to evaluate potential scaling and corrosion challenges in production wells, 
surface piping, heat exchangers, and reinjection wells. Hristov et al. (2019) reported the presence of brines 
with very high salinity in deep geothermal aquifers in northern Bulgaria (TDS up to 150 g/l); therefore, their 
fluid chemistry, as well as the potentially high content of dissolved CO2, may constitute a significant 
challenge for the utilization of these resources. While conductive cooling increases the solubility of calcite 
below about 160°C, in carbonate formations such as those hosting the Devonian-Carboniferous and 
Middle-Late Triassic aquifers, a major challenge is often related to high contents of dissolved CO2 and calcite 
precipitation. Calcite scaling in geothermal wellbores can be avoided by the injection of scale inhibitors 
through a capillary tube. Such a solution has proved to be technically and commercially viable in many 
operating geothermal fields, but it requires a detailed knowledge of the physical-chemical behavior of the 
geothermal fluid to assess its effectiveness and economic viability. 
 
On the other hand, high-salinity brines can provide opportunities for pairing the utilization of geothermal 
energy with the recovery of industrial and strategic minerals (such as lithium), that may improve the 
economic viability of the projects. 

3.2.2. Southern Bulgaria 

The highest geothermal resource temperature so far reported in central-south Bulgaria is 98°C in a 458 m 
deep well at Sapareva Banya, while temperatures in the 70°Cς95°C range occur in many geothermal sites, 
in hot springs and shallow boreholes (150-700 m meters, and rarely exceeding 1000 m) (Hristov et al., 
2021). 
 
The geothermal systems in this region are commonly associated with major extensional tectonic structures 
(faults and graben systems) where deep convective circulation of meteoric waters generates localized up-
flowing plumes of geothermal fluids. These fluids progressively cool during their ascent and accumulate in 
relatively shallow aquifers hosted either in fractured rocks or in porous sediments filling main graben 
depressions. The temperature reached by these geothermal fault-controlled convective systems depends 
on the circulation depth and the thermal gradient of the region. In the absence of magmatic sources of 
heat, as likely occurs in southern Bulgaria, these systems typically host geothermal resources with 
temperatures of 150°C +/- 30°C. 
 
These general considerations suggest that deeper parts of the geothermal systems in southern Bulgaria ς 
parts that have not been drilled yet ς may host higher-temperature fluids than those currently known at 
shallow depths. This consideration is in part supported by the temperature map at 1000 m depth presented 

 
 
14 Drilling depths in financially viable geothermal projects, even in high-temperature fields, rarely exceed 2500-3000 m.  
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in the Catalogue of Geothermal Data of Bulgaria, which shows localized spots corresponding to some 
geothermal areas in southwestern Bulgaria (i.e., Sapareva Banya, Velingrad, Southern Struma Valley, and 
Erma Reka) where the temperature is above 100°C (Figure 8). A temperature of 130°C seems to have been 
measured in a 1000 m deep well in Erma Reka, but this data would need to be further verified15.  

Figure 8: Temperature map at 1,000 m depth below surface showing higher-temperature areas in 
southwestern Bulgaria  

 
Source: Modified from Bojadgieva and Gasharov (2001) 

Note: Black lines are isotherms and associated numbers indicate the temperature in °C. 

 
The temperature of these geothermal reservoirs can be indirectly estimated from the chemical and isotopic 
composition of the geothermal fluids discharged by surface manifestations and existing wells, through the 
application of chemical geothermometers. Preliminary geochemical considerations based on a selected 
dataset of chemical analysis are reported in Annex C and include some geothermometric calculations for 
geothermal areas in central-south Bulgaria. The results may suggest the existence of temperatures above 
100°C (perhaps around 150°C at Sapareva Banya and Erma Reka), but these are highly uncertain due to 
some limitations in data quality and cannot support reliable conclusions about the perspectives for 
geothermal power generation. Further investigations with new chemical samplings and analytical 
procedures suited for geothermal fluids, together with other geothermal exploration techniques (structural 
geology, geophysics), would be needed to conduct a reliable interpretation of the potential reservoirs in 
these geothermal systems.  
 

 
 
15 Personal communication obtained by the authors of this report from the technical team of the University of Mining and Geology 
of Sofia, which is investigating the development of a 20 MWe geothermal power project on behalf of a private developer. 
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3.3. Geothermal Priority Areas: Selection and Description 

Based on the information available, seven areas have been identified as more likely to have geothermal 
resources for kickstarting the geothermal development in Bulgaria, namely:  
  

¶ Pleven, Varna, and Vratsa, in northern Bulgaria. 

¶ Sofia, in central Bulgaria. 

¶ Struma Valley, Velingrad, and Erma Reka in southern Bulgaria. 

A description of the assessment conducted to identify these priority geothermal areas appears in Annex B.  
 
The location and extent of these promising geothermal resources are indicated in Figure 9, while their 
characteristics are summarized in Table 4. It is worth observing that the area boundaries indicated on the 
map correspond to an approximate delimitation of zones that likely contain a geothermal reservoir or a set 
of different/separated geothermal reservoirs. In northern Bulgaria (Pleven, Varna and Vratsa) the 
boundaries exclusively define areas where the Malm-Valanginian aquifer has been identified, with depths 
and temperatures that vary depending on the local geologic conditions. In these same areas, deeper and 
hotter aquifers hosted in late Palaeozoic-Mesozoic sedimentary formations may locally exist, but the 
available information is not sufficient to characterize them as commercially exploitable geothermal 
resources. In the specific case of the Struma Valley, in southern Bulgaria, the indicated area encompasses 
several thermal sites with hot springs and wells that likely correspond to independent/separated 
geothermal systems within a highly favorable tectonic setting. This area includes the geothermal sites 
located within the Struma Valley and the nearby ones at Kyustendil and Sapareva Banya. 

Figure 9: Seven most promising geothermal areas identified in Bulgaria. 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 
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Table 4: Key characteristics of selected geothermal areas.  

Geothermal Area Pleven Varna Vratsa Sofia Velingrad 
Struma 
Valley 

Erma Reka 

Temperature range (°C) 
Measured in existing 
wells and thermal springs  

30-110 (*) 30-70 (*) 50-90 (*) 30-80 32-97 30-98 70-90 (**) 

Water salinity (TDS mg/l) 
1000-30000 1000-5000 5000-15000 

2000-
5000 

200-850 300-4500 100-1700 

Resource depth (m)  
As known from existing 
boreholes 

800-2300 400-1400 1100-2100 300-700 300-800 150-700 500-900 

Thermal power 
potentially extractable 
(MWt)  
Minimum estimate, 
based on measured 
resource data 

622 217 62 48 (***)  27 (***)  78 (***)  15 (***)  

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ based on: for Pleven Gerginov et al. (2021) assuming a doublet drainage area of 25 km2, Varna: Petrov 
et al. (1998), Vratsa: estimate based on Pleven, Sofia: Shterev (2004) and Shterev and Georgiev (2011), Velingrad, Struma and Erma 
Reka:: Petrov et al. (1998) and COWI (2005), Appendix 11.  
Note: TDS = total dissolved solid. 
* The reported temperature data for areas in northern Bulgaria specifically refer to the well-constrained and known Malm-
Valanginian geothermal aquifer. Higher temperatures may occur in deeper aquifers. 
** A personal communication during a meeting with the University of Mining and Geology in Sofia indicated a well with measured 
temperature of 130°C, but this information is not corroborated/reported by public documents. 
*** The thermal power estimates for areas of central and southern Bulgaria provide an estimate of the currently 
discovered/available resource from existing wells and hot springs. The total resource capacity may be higher.  

The current assessment, based on the information presented in Table 4, is not to be considered as a 
definitive estimate of the temperature, salinity, depth, and capacity of the geothermal resource areas. The 
meaning and limitations of these data are described below.  

The indicated temperature range corresponds to measured temperatures in natural surface outflows of 
the geothermal systems (thermal springs, when present) and in drilled wells. For the areas in northern 
Bulgaria (Pleven, Varna, and Vratsa) the reported values correspond to the effective reservoir temperature 
range of the Malm-Valanginian aquifer, while for the areas in central and southern Bulgaria (Sofia, 
Velingrad, Struma Valley, and Erma Reka) the indicated temperatures represent the known conditions in 
the drilled upper/shallower portion of the geothermal system. Higher temperatures could be present in 
deeper parts of these systems, but the available chemical data on geothermal waters are not 
suitable/reliable for the investigation of reservoir equilibrium temperature through the application of 
chemical geothermometers. On the other hand, in northern Bulgaria, the existence of deeper/hotter 
geothermal aquifers (underlying the Malm-Valanginian aquifer) is reported with temperatures that may 
reach 150°C, but the corresponding information is very limited (see additional information in Section 5), so 
they were not considered for the purposes of this evaluation, which focuses on identifying lower-risk areas 
where initial short-term efforts should be addressed).  
 
The indicated water salinity was obtained from available chemical analyses of geothermal waters reported 
in different sources of information analyzed. The reported salinity spans in each area are in a somewhat 
broad range, likely due to natural variations within the geothermal reservoirs or resulting from mixing of 
the deep geothermal brine with shallower, less saline waters. 
 
The indicated resource depth corresponds to known data from drilled wells. For the areas in Northern 
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Bulgaria (Pleven, Varna, and Vratsa) these values correspond to the effective depth of the Malm-
Valanginian geothermal aquifer, while in central and southern Bulgaria it is indicative only of the depth 
range currently known from existing wells. 
 
As to thermal power potentially extractable, the indicated values were retrieved from different 
bibliographic sources and are derived from different methodologies depending on the characteristics of 
each geothermal area. For the Malm-Valanginian aquifers of northern Bulgaria (Pleven, Varna, Vratsa), the 
thermal power potentially extractable was estimated considering the performance of a regular pattern of 
well doublets in sustainably extracting the heat contained in the whole geothermal aquifer. For the 
geothermal systems in central and southern Bulgaria (Sofia, Velingrad, Struma Valley, and Erma Reka) the 
reported values provide an estimate of the currently discovered/available resource from existing wells and 
hot springs; therefore, they must be intended as a minimum capacity that might be increased by drilling 
additional and deeper wells.  
 
Further investigations are required to finalize the assessment of the geothermal resource and characterize 
specific project sites in each of the identified areas, including more-detailed analysis of existing data, 
acquisition of additional surface exploration data, and drilling of new wells. Recommendations on next 
steps to further evaluate and confirm the geothermal resources are provided in Section 8.  

3.4. Geothermal Resource Ownership 

The ownership of geothermal resources in the selected areas has been assessed. In Bulgaria, the 
geothermal resource is in the public domain, owned either by the state or by municipalities under the 
following mechanisms: 

¶ Exclusive state property (ESP), where the local state owns the geothermal resource existing in 
specific areas of the national territory 

¶ ESP with provision of geothermal resource use and management to the local municipality (LM), 
usually for a period of 25 years (ESP-LM) 

¶ Public municipal property (PMP), where the local municipality owns, has the right to use, and 
manages the geothermal resource existing in its territory 

The resource ownership situation for the discovered/quantified geothermal resources in the seven 
identified areas is summarized in Table 5.   

Table 5: Summary of resource ownership in selected geothermal areas 

Potential Geothermal Areas Resource 
Ownership 

Operational 
Resources (l/s) 

Max. Water 
Temperature(°C) 

1. Sofia       

1.1 Bankya ESP 26.10 38.0 

 1.2. Kazichene-Ravno Pole ς LM (local municipality) - Sofia ESP-LM 23.66 51.6-78.4 

1.2.1. Kazichene,Lower Neogene aquifer ς LM-Sofia  ESP-LM 2.54 62.3 

1.2.2. Kazichene, Triassic aquifer ς LM-Sofia ESP-LM 2.94 78.4 

1.2.3. Ravno Pole, Lower Neogene ς LM-Elin Pelin ESP-LM 2.98 51.6 

1.2.4. Ravno Pole, Triassic aquifer - LM-Elin Pelin ESP-LM 15.20 58.0 
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1.3. Batalova Vodenitsa ς LM-Sofia ESP-LM 6.30 43.0 

1.4. Gorna Banya ESP 8.54 41.0 

1.5. Zheleznitsa ς LM-Sofia ESP-LM 5.18 32.1 

1.6. Knyazhevo  ESP 5.70 36.5 

1.7. Lozenets ς LM-Sofia ESP-LM 2.24 38.5 

1.8. Nadezhda ς LM-Sofia ESP-LM 4.00 54.0 

1.9. Ovcha Kupel ς LM-Sofia ESP-LM 4.97 31.5 

1.10. Pancharevo ς LM-Sofia ESP-LM 13.50   48.0 

1.11. Svoboda ς LM-Sofia ESP-LM 2.23   48.2 

1.12. Sofia-Centre ς LM-Sofia ESP-LM 20.0   48.0 

1.13. Trebich  ESP 3.38   51.0 

1.14. Dolni Bogrov  ESP 2.45   49.0 

1.15. Chepintsi ESP 7.94   52.0 

1.16. Krivina ESP 1.37   43.9 

1.17. Kostinbrod ESP 5.66   23.2 

        

2. Pleven        

2.1. Dolni Dabnik ς LM- D. Dabnik PMP 18,55 22.0 

2.2. Svishtov ς LM-Svishtov ESP-LM 13.20 48.0 

        

3. Varna       

3.1. NE Bulgaria, Malm-Valanginian aquifer ESP 2512.00 22.2-55.0 

3.1.1. Varna District ς LM-Varna  ESP-LM 1002.00 55.0 

3.1.2. Aksakovo ς LM-Aksakovo ESP-LM 120.00 34.0 

3.1.3. Suvorovo ς LM-Suvorovo ESP-LM 30.00 23.0 

3.1.4. Beloslav ς LM-Beloslav ESP-LM 120.00 - 

3.1.5. Avren ς LM-Avren ESP-LM 15.00 32.0 

3.1.6. Balchik ESP 530.00 24.6 

3.1.7. Kavarna ς LM-Kavarna ESP-LM 430.00 40.0 

3.1.8. Shabla ς LM-Shabla ESP-LM 250.00 39.0 

3.2. Varna Basen ς Eocene aquifer ESP-LM 95.00 30.1 

        

4. Erma Reka PMP 27.00 87.8 

4.1. Erma Reka ς LM-Zlatograd PMP 2.72 16.0 

4.2. Madan ς LM-Madan PMP 2.72 16.0 

4.3. Nedelino ς LM-Nedelino PMP 6.30 28.1 

4.4. Rudozem ς LM-Rudozem PMP 2.41 18.0 

4.5. Zlatograd Zlatograd will be supplied by Erma Reka. 

        

5. Vratsa        
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5.1. Hayredin - 2.88 30.0 

        

6. Struma Valley        

6.1. Kyustendil ς LM- Kyustendil ESP-LM 23.14 73.0 

6.1.1. Nevestino ς LM-Nevestino ESP-LM 29.90 28.8 

6.2. Saparava Banya -LM-Sapareva B. ESP-LM 15.61 98.0 

6.3. Levunovo ς LM- Sandanski ESP-LM 13.21 83.0 

6.4. Sandansky ESP 21.70 82.0 

6.5. Rupite  ς LM-Petrich ESP-LM 25.00 73.5 

6.6. Gradeshka Banya ς LM-Kresna PMP 6.93 68.0 

6.7. Gorna Breznitsa - LM-Kresna PMP 1.52 36.0 

6.8. Oshtava ς LM-Kresna PMP 4.45 54.7 

6.9. Dolno Osenovo ς LM-Simitli PMP 1.57 53.0 

6.10. Kromidovo ς LM-Petrich PMP 2.56 47.1 

6.11. Blagoevgrad ς LM-Blagoevgrad ESP-LM 19.80 63.0 

6.12. Marikostinovo ς LM-Petrich ESP-LM 11.20 63.0 

6.13. Simitli ESP 18.38 62.5 

6.14. Hotovo ς LM-Sandanski ESP-LM 3.94 41.2 

        

7. Velingrad       

7.1. Chepino ESP 50.80 47.5 

7.2. Ladzhene ESP 35.60 61.6 

7.3. Kamenitsa ς LM-Velingrad ESP-LM 29.32 88.0 

7.4. Draginovo ς LM-Velingrad ESP-LM 9.45 96.5 

7.5. Rakitovo  ς LM-Rakitovo PMP 10.68 51.0 

7.6. Varvara ς LM-Septemvri ESP-LM 17.58 87.3 

Source: Ministry of Environment and Water (https://www.moew.government.bg/bg/vodi/registri/mineralni-vodi/) ŀƴŘ ŀǳǘƘƻǊǎΩ 
analysis 
 

Given the potential existence of concessions previously granted or submitted for other uses of the thermal 
water (i.e. mineral water extraction) the use of the geothermal resource could be limited by pre-existing 
rights in certain sites. As part of their initial project due diligence, before applying for the corresponding 
concession and water use permit, geothermal developers shall review the free usable resource 
corresponding to the specific geothermal resource/aquifer they are planning to exploit. Such information 
is collected and published by the Ministry of Environment and Water and the Basin Directorates following 
the requirements of the Water Act. 
 

4. Potential for Geothermal Power Generation 

4.1. Technological and economic options 

The generation of electricity from geothermal resources is technically feasible with existing energy 

https://www.moew.government.bg/bg/vodi/registri/mineralni-vodi/
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conversion technologies (binary and flash16) over a broad temperature range, as indicated in Figure ). The 
lowest known temperature used for harnessing geothermal resources for electricity generation is currently 
around 75°C. 

Figure 10: Applications of geothermal fluids depending on their temperature. 

 

Source: ESMAP, Geothermal Handbook: Planning and Financing Power Generation. Technical Report 002/12 (2012) 

 
Generation of electricity is, however, commercially competitive at geothermal fluid temperatures over 
150°C (provided benchmark values for resource depth, CAPEX and OPEX), and most of the existing 
commercial-scale power plants are developed utilizing temperatures above this threshold (IRENA, 2023; 
Verkis, 2014; GEOELEC, 2013). At lower temperatures, the generation of electricity is still technically 
feasible with the application of binary technologies, but usually at a smaller scale (in the order of 0.1 MWe 
to a few MWe), strongly depending on temperature and available flow rate. Figure  shows the required 
fluid mass flow as a function of temperature to generate electricity from geothermal fluids in the 90°Cς
150°C range. 
 

 
 
16 Flash steam plants are the most common type of geothermal power plants in operation today. Fluids at temperatures greater 
than 182°C, pumped from deep underground, travel under high pressures to a low-ǇǊŜǎǎǳǊŜ ǘŀƴƪ ŀǘ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ Binary-
cycle geothermal power plants can use lower temperature geothermal resources. (Source: 
https://www.energy.gov/eere/geothermal/electricity-generation.)  

https://www.energy.gov/eere/geothermal/electricity-generation
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Figure 11: Temperature vs. mass flow of geothermal fluid in low-temperature geothermal power plants. 

 

Source: Verkis, 2014 

 
As further discussed below, the geothermal resources so far identified in Bulgaria show maximum 
temperatures in the 90°Cς110°C range. Measurements in some deep wells indicate the potential existence 
of higher-temperature systems, but these need to be further investigated/confirmed and would not exceed 
about 150°C (GEOELEC, 2013; Shterev and Georgiev, 2011; European Commission 2002; Bojadgieva and 
Gasharov, 2001). 
 
¢ƘƻǳƎƘ ǘŜŎƘƴƛŎŀƭƭȅ ŦŜŀǎƛōƭŜΣ ǎƳŀƭƭ ƎŜƻǘƘŜǊƳŀƭ ǇƻǿŜǊ Ǉƭŀƴǘǎ ŀǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ƭƻǿŜǊ ǘƘŀƴ мрлϲ/ ŀǊŜ ƳƻǊŜ 
ŜȄǇŜƴǎƛǾŜ ǘƘŀƴ ƭŀǊƎŜǊπǎŎŀƭŜ Ǉƭŀƴǘǎ ǳǘƛƭƛȊƛƴƎ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ŦƛƴŘ ŀ ƧǳǎǘƛŦƛŎŀǘƛƻƴ ƻƴƭȅ ƛƴ ǇŀǊǘƛŎǳƭŀǊ 
ǎƛǘǳŀǘƛƻƴǎ όƛΦŜΦΣ ƻŦŦπƎǊƛŘ Ǉƭŀƴǘǎ ƛƴ ǊŜƳƻǘŜ ŀǊŜŀǎΣ ŦŀǾƻǊŀōƭŜ ǊŜǎƻǳǊŎŜ ŀƴŘ ŎƭƛƳŀǘƛŎ ŎƻƴŘƛǘƛƻƴǎΣ ŀƴŘ 
ǊŜǎŜŀǊŎƘκŘŜƳƻƴǎǘǊŀǘƛƻƴ ǇǊƻƧŜŎǘǎύΣ ŎƻƳƳƻƴƭȅ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƘŜŀǘ ƎŜƴŜǊŀǘƛƻƴΦ ¢ƘŜ ŜŎƻƴƻƳƛŎǎ ƻŦ ǎƳŀƭƭ 
ƎŜƻǘƘŜǊƳŀƭ Ǉƭŀƴǘǎ Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ ōȅ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƻƳōƛƴŜŘ ƘŜŀǘ ŀƴŘ ǇƻǿŜǊ ό/Itύ ǎȅǎǘŜƳǎ ς ƛƴ 
ǿƘƛŎƘΣ ŀŦǘŜǊ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴΣ ǘƘŜ ƎŜƻǘƘŜǊƳŀƭ ŦƭǳƛŘ ƛǎ ŦǳǊǘƘŜǊ ƘŀǊƴŜǎǎŜŘ ŦƻǊ ƘŜŀǘ ŜȄǘǊŀŎǘƛƻƴ ƛƴ ŎŀǎŎŀŘƛƴƎ 
ŘƛǊŜŎǘπǳǎŜ ŀǇǇƭƛŎŀǘƛƻƴǎ όƛΦŜΦ ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎΣ ŀƎǊƻπƛƴŘǳǎǘǊȅΣ ƻǊ ƻǘƘŜǊ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎύΦ 

Figure 12 illustrates the indicative investment and production costs for small geothermal power plants 
utilizing temperatures up to 150°C (Verkis 2014). The graphs show that the investment cost can exceed 10 
million USD/MWe for resource temperatures below 125°C, reaching values in the 30-40 million USD/MWe 
range for temperatures below 100°C; while the cost of electricity produced can exceed 1.0 USD/kWh for 
temperatures below 100°C, depending on plant type and size17. 

Figure 12: Total investment costs (left) and production cost of electricity delivered to the grid (right) for low-
temperature geothermal power plants 

 

 
 
17 The reported costs are referred to the year 2014. They are mentioned in this report as a general/indicative reference and should 
be updated to current market conditions for a more precise analysis. 
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Source: Verkis, 2014 

Note: Based on the following assumptions ς Flow from each well: 40 l/s; depth of wells: 1.400 m; depth to water table: 150 m; 
pumps installed at depth: 200 m, distance between wells: 250 m, temperature of the geothermal fluid: 90°C ς 150°C. 

By comparison, the global total installed cost for commercial power planǘǎ ƛƴ ǘƘŜ ƎŜƻǘƘŜǊƳŀƭ ƛƴŘǳǎǘǊȅ 
ǿƻǊƭŘǿƛŘŜ ŀǾŜǊŀƎŜŘ ŀǊƻǳƴŘ пΦмр Ƴƛƭƭƛƻƴ ¦{5κa²Ŝ ƻǾŜǊ ǘƘŜ ƭŀǎǘ ǘŜƴ ȅŜŀǊǎΣ ǿƘƛƭŜ ǘƘŜ ƭŜǾŜƭƛȊŜŘ Ŏƻǎǘ ƻŦ 
ŜƭŜŎǘǊƛŎƛǘȅ ŀǾŜǊŀƎŜŘ ŀǊƻǳƴŘ лΦлсу ¦{5κƪ²Ƙ όōŀǎŜŘ ƻƴ Řŀǘŀ ǇǳōƭƛǎƘŜŘ ōȅ Lw9b!Σ нлноύΦ 

{Ƴŀƭƭ ƎŜƻǘƘŜǊƳŀƭ ǇƻǿŜǊ Ǉƭŀƴǘǎ ƘŀǾŜ ōŜŜƴ ǎǳŎŎŜǎǎŦǳƭƭȅ ƻǇŜǊŀǘƛƴƎ ƛƴ ŘƛǾŜǊǎŜ ŎƻǳƴǘǊƛŜǎ ŀƴŘΣ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ 
ƘŀǾŜ ōŜƴŜŦƛǘŜŘ ŦǊƻƳ ŀƴ ƛƳǇǊƻǾŜŘ ōƛƴŀǊȅ ŎȅŎƭŜ ŘŜǎƛƎƴ ǘƘŀǘ Ƙŀǎ ƭŜŘ ǘƻ ǘƘŜ ƳƻŘǳƭŀǊƛȊŀǘƛƻƴ ƻŦ ǎƳŀƭƭ ŜƭŜŎǘǊƛŎ 
Ǉƭŀƴǘǎ ƻǇǘƛƳƛȊŜŘ ǘƻ ǿƻǊƪ ǿƛǘƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ōŜƭƻǿ мнлϲ/ όLw9b!Σ нлннύΦ Chena Hot Spring (central Alaska, 
United States) is currently the lowest-temperature geothermal power plant in the world; with a power 
capacity of 680 kWe, it is fed by hot water wells drilled in a shallow 74°C aquifer, in a site with particularly 
favorable conditions for power cycle heat rejection (availability of near-freezing river water and seasonal 
sub-zero air temperatures). Other significant examples are the Wabuska geothermal plant in Nevada 
(United States) with an installed generation capacity of 4.4 MWe operating on a 107°C fluid (IRENA, 2022); 
and the AKÇA plant in Saraykoy (Türkiye), with a 4 MWe power capacity fed by a 105°C geothermal fluid18. 
 
Some examples are also available in nearby countries of Eastern Europe, such as Romania and Hungary, 
where a couple of small power plants have been developed in geothermal resource contexts that are similar 
to northern Bulgaria. In Romania, a micro-ORC19 power plant (50 kWe gross) was installed in Oradea on a 
well that supplies 10 l/s of hot water at 102°C. This plant operated for several years supported by a 
government feed-in-tariff and then suspended operation when the government support ceased (Emrich, 
2020). In Hungary, a small ORC power plant has operated since 2018 at Tura, on a geothermal well that 
produces 100 l/s of 125°C hot water from a depth of 1500 m. The project was planned to achieve a 3.0 
MWe capacity, but to date has reached only 2.3 Mwe gross production. As the power plant's internal 
consumption is nearly 1 MWe, the net power output is 1.3 MWe (Nádor et al., 2019). 

4.2. Key findings 

At present, no electricity is generated using geothermal resources in Bulgaria, though certain potential may 
exist in some regions. The geothermal aquifers that are currently confirmed as exploitable resources, both 

 
 
18 ThinkGeoenergy news, https://www.thinkgeoenergy.com/exergy-reports-start-of-operation-of-akca-plant-in-turkey/ 
19 ORC = organic rankine cycle. 

One Stage Cycle  

https://www.thinkgeoenergy.com/exergy-reports-start-of-operation-of-akca-plant-in-turkey/
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in the sedimentary basins of northern Bulgaria (Malm-Valanginian aquifer) and in the convective 
hydrothermal systems in central and southern Bulgaria, have maximum measured temperatures around 
100-110°C. Based on the considerations discussed in the previous section, such geothermal resources do 
not provide opportunities for the generation of electricity beyond very small-scale projects, in which the 
commercial viability may be at stake. Hotter hydrothermal systems have been discovered in deeper parts 
of the sedimentary basins in northern Bulgaria and may be present also in some of the extensional tectonic 
zones of southern Bulgaria, but the information available is insufficient to evaluate their potential use for 
electricity generation.  
 
Beyond the utilization of geothermal resources associated with hydrothermal systems, investigations 
conducted at the European level by GEOELEC have indicated a huge potential for the development of 
enhanced geothermal systems (EGS) in Bulgaria, but this option has never been developed (GEOELEC, 
2013). EGS is, however, a technology that is still under development with few demonstration projects and 
it may not be considered a commercial technology yet; therefore, it may not currently represent a sound 
opportunity for geothermal electricity generation in the short-to-medium term. 

In the northern region, geothermal brines identified in oil & gas wells ςCatalog of Geothermal Data of 
Bulgaria (Bojadgieva and Gasharov, 2001)ς with temperatures above 130°C might be harnessed to 
generate electricity with binary power plants, with conversion efficiency that mainly depends on the 
effective inlet temperature at the heat exchanger. For temperatures between 120°C and 140°C, the 
conversion efficiency from thermal to electric power varies from 4.4 percent to 5.9 percent for the most 
efficient binary ORC plants (Zarrouk and Moon, 2014). Such efficiency figures do not consider the energy 
spent in pumping the geothermal brine to the surface when the wells are not self-flowing, or when its 
commercial production needs to be enhanced by downhole pumping.  

The deep geothermal reservoirs inferred in northern Bulgaria, with temperatures around 130-150°C, might 
be technically feasible for generating electricity using binary plants. However, the remarkable depth (3000-
5000 m) of these reservoirs and the chemical composition of the reservoir brine and its non-condensable 
gas content (NCG), may significantly limit the economic and commercial viability of such electricity 
generation. 
 
In the southern region, in absence of magmatic sources of heat ςas likely occurs in southern Bulgariaς 
geothermal systems may typically host geothermal resources with temperatures of 150°C +/- 30°C, which 
may be technically suitable for small power plants (Moeck, 2014). However, provided the limited reliability 
of the information available, further investigations with new chemical samplings and analytical procedures 
would be required to confirm the potential reservoirs in these geothermal systems. Moreover, the 
economic and commercial viability of geothermal power plants in this region would require site specific 
analyses. 

 

5. Potential for Geothermal Heat Direct Use in Bulgaria 

5.1. Introduction and Methodology 

Geothermal energy may be directly used for heat production through heat exchangers for different uses 
like space heating or industrial and agricultural uses, replacing existing heat production technologies and 
fuels. Understanding the heat demand patterns and current heat production sources in Bulgaria would be 
a key first step to assessing the potential capability of geothermal energy to supply heating demand and 
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displace more-polluting and less-sustainable heat production options. This section will elaborate on the 
current and prospective heating sector, focusing on characterizing heat demand (mainly residential and 
industrial sectors) and supply technologies. 
 
For the purposes of the present report, data on heat demand and generation has been collected for the 
period 2018-22 and characterized by type, use, location, customer served, temperature range, and amount 
of heat consumed (or produced). Indeed, the conflict in Ukraine has reshaped the energy sector across 
Europe and has led to significant modifications in the energy supply chain from 2022 onwards. However, 
the heat demand profile has not changed dramatically in the short term, partially because of public 
subsidies to mitigate sharp increases of energy prices. In any case, the year 2022 has been selected as the 
most representative for the purposes of assessing heat demand and production patterns, although heat 
demand and production averages from data available in the period 2018-22 have been used in some 
situations (e.g., for fuel consumption).  
 
The heat demand has been surveyed and mapped for the entire territory of Bulgaria. Different sources of 
public information20 have been used to estimate the heat consumption in industries and in the residential 
sector, as well as to assess the heat generated by large-scale dedicated facilities, namely combined heat 
and power (CHP) and district heating (DH) plants.  
 
Regarding heat production, it is worth observing that the collection of information about CHP and DH 
systems was not intended to be reconciled with the estimated heat consumption of the corresponding 
industrial and residential user. The two datasets (large-scale heat production and heat demand) are 
independent from each other and lack the granular level of detail that would allow a comparative analysis. 
The report focuses on identifying how heat demand and supply are distributed in Bulgaria, and where 
promising geothermal resources align to provide favorable opportunities for geothermal heating solutions.  
 
The corresponding situation in terms of estimated heat demand and large-scale production at national level 
is summarized in Table 6, while more-detailed information is provided hereinafter.  

Table 6: Estimated heat demand and large-scale generation in Bulgaria, 2018-2022 (MWh/year).  
 

Production Demand 

  CHP DH Industry Municipality 

2022 5,382,241 8,720,587 16,525,122 23,909,669 

2021 5,861,930 9,458,667 17,704,067 25,360,434 

2020 4,742,492 8,799,359 16,518,077 25,648,234 

2019 5,050,080 8,816,829 17,322,180 25,777,778 

2018 5,351,533 8,938,495 16,990,705 25,957,839 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭysis 

 
 
20 In the tables and figures presented in this sŜŎǘƛƻƴΣ ά!ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎέ ǊŜŦŜǊǎ ǘƻ ŜǎǘƛƳŀǘŜǎ ƳŀŘŜ ōȅ ǘƘŜ ŀǳǘƘƻǊǎ ōŀǎŜŘ ƻƴ ǇǳōƭƛŎ 
information from the National Statistics Institute and Eurostat, annual reports submitted to the Executive Environmental Agency 
under the Ministry of Environment and Water, and /It ƻǇŜǊŀǘƻǊǎΩ ǇǊƛŎƛƴƎ ŀǇǇƭƛŎŀǘƛƻƴǎ.   
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5.1.1. Methodology for Assessing the Residential Heat Demand 

The residential heat demand has been estimated and consolidated at the municipal level by multiplying the 
population (data from the National Statistics Institute21) by the average residential heat consumption per 
capita (Eurostat data for Bulgaria). This approach was preferred over a linear regression using degree-days 
at the national level, since this was tested but led to unreliable results overall. On the other hand, the 
European Heatmap data (at NUTS3 level)22 provide information for Bulgaria related to only 28 main cities 
or municipalities, while the present survey intends to provide a more granular overview of the heating 
demand in the country, including all 265 municipalities and the industrial premises in their immediate 
vicinity. 
 
In this report, the term municipality is used when referring to residential heating demand calculated within 
the boundary of the respective municipal territory. On the other hand, the term region is employed when 
referring to a central municipality surrounded by its peripheral counterparts, encompassing industrial 
plants and heating production facilities situated within their jurisdictions. This distinction ensures clarity 
and precision in delineating between residential and industrial contexts, facilitating a more coherent 
interpretation of the data and analysis presented. 

The determination of heat consumption per capita is based on the following data and approach, as 
summarized in Table 7: 

¶ Data on the national residential heat consumption were sourced from Eurostat data23. 

¶ Data on overall population were sourced from the National Statistics Institute24 on an annual basis 
for the period 2012-21. 

¶ The consumption per capita was then calculated for each year, and a 10-year average was 
determined as reference parameter for the calculation of residential heat demand at the 
municipality level. The resulting parameter is 3.71 MWht/capita. 

Table 7: Residential heat consumption, population, and consumption-per-capita data used for the residential 
heat consumption assessment.  

Year Residential Heat 
consumption25 Population 

Consumption per 
capita 

MWht Million inhabitants MWht/capita 

2012 27,360,261 7,327,224 3.73 

2013 26,063,248 7,284,552 3.58 

2014 25,178,845 7,245,677 3.48 

2015 25,503,566 7,202,198 3.54 

2016 26,192,050 7,153,784 3.66 

2017 26,966,655 7,101,859 3.80 

2018 25,931,085 7,050,034 3.68 

 
 
21 https://infostat.nsi.bg/infostat/pages/reports/query.jsf?x_2=1089.  
22 https://www.hotmaps.eu/map. NUTS3 is the most detailed level of the NUTS classification. It derives from Nomenclature des 
Unités territoriales statistiques (NUTS), or Nomenclature of territorial units for statistics, which is a hierarchical system for dividing 
up the economic territory of the EU (and the UK). 
23 Final energy consumption in households by type of fuel (TEN00125__custom_7709851). 
24 https://infostat.nsi.bg/infostat/pages/reports/query.jsf?x_2=1089.  
25 Final energy consumption in households by type of fuel (TEN00125__custom_7709851). 

https://infostat.nsi.bg/infostat/pages/reports/query.jsf?x_2=1089
https://www.hotmaps.eu/map
https://infostat.nsi.bg/infostat/pages/reports/query.jsf?x_2=1089
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2019 25,146,990 7,000,039 3.59 

2020 27,705,509 6,951,482 3.99 

2021 27,941,912 6,916,548 4.04  
 Average 3.71 

{ƻǳǊŎŜΥ 9ǳǊƻǎǘŀǘΣ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎΦ 
 

In Table 8, the estimates calculated for this report are compared with the data extracted from the Heat 
Map of Bulgaria26 for the 28 municipalities therein reported. Overall, there is a 6.3 percent difference 
between the heat consumption estimated in this study and the Heat Map data, both falling within 
comparable orders of magnitude, considering that the Heat Map was published in 2020 and the estimates 
in this report refer to 2022. 

Table 8: Municipal heat demand in Bulgaria.  

NUTS3 Region 
(Municipality) 

Estimated demand 
as 2022 

(this report) 

Residential demand 
according to the Heat 

Map of Bulgaria27  
MWh MWh 

Blagoevgrad 1,068,571 807,080 

Burgas 1,403,926 1,253,930 

Varna 1,597,685 1,240,440 

Veliko Tarnovo 756,604 699,760 

Vidin 269,789 314,000 

Vratsa 552,061 557,070 

Gabrovo 355,832 407,680 

Dobrich 545,883 497,620 

Kardzhali 528,454 368,300 

Kyustendil 403,097 400,490 

Lovech 420,351 458,640 

Montana 430,794 437,370 

Pazardzhik 838,838 693,350 

Pernik 414,381 440,280 

Pleven 817,096 712,890 

Plovdiv 2,341,814 1,655,970 

Razgrad 374,929 303,660 

Ruse 703,168 634,120 

Silistra 354,560 275,940 

Sliven 632,563 457,900 

Smolyan 346,179 369,080 

Sofia-city 4,747,788 3,531,360 

Sofia province28 844,033 866,550 

Stara Zagora 1,082,258 911,590 

Targovishte 356,737 336,590 

Haskovo 769,234 577,000 

Shumen 554,857 456,540 

 
 
26 https://www.hotmaps.eu/map.  
27 https://www.hotmaps.eu/map.  
28 Sofia Province is a province (oblast) of Bulgaria. The province does not include Sofia in its territories, but Sofia remains its 
administrative center. 

https://www.hotmaps.eu/map
https://www.hotmaps.eu/map
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Yambol 398,187 340,350 

Bulgaria 23,909,669 22,493,650 

Source: Authors analysis, Heat Map of Bulgaria 

 
The overall estimated heat demand shown in the table (23,909,669 MWh/y) is 4.9 percent below the 
minimal consumption recorded in the period 2012-21 (notably in 2019; see Table 7) and exhibits a 14.4 
percent reduction compared to the maximal consumption witnessed in 2021. This discrepancy is 
anticipated, given that the approach based on average consumption per capita does not account for factors 
like weather variations, shifts in behavior (such as increased home-office use during the COVID-19 
pandemic), and considerations related to energy poverty. This level of data consistency is deemed sufficient 
for the purpose of this report and to inform the analysis and subsequent recommendations. 

5.1.2. Methodology for Assessing the Industrial Heat Demand 

The industrial heat demand has been characterized and quantified using annual reports submitted by 
industrial operators to the Executive Environmental Agency under the Ministry of Environment and Water 
(MoEW). This information has allowed the team to map the industrial operators that have a legal obligation 
to submit annual environmental compliance reports, while information on other operators is not available 
in the public domain. Despite this limitation, the information collected corresponds to 125 enterprises 
(spread through 137 industrial sites) representing a large share of industrial heat consumption in Bulgaria29, 
and this sample is considered sufficiently representative for the purposes of this study. 
 
In some cases, where the fuel consumption is the only data reported, the heat demand has been estimated 
assuming the use of boilers for the conversion of combustible into heat, with a typical thermal efficiency of 
85 percent. 

5.1.3. Data Processing Tool 

The tool prepared for structuring and analyzing the information collected for this report will be shared with 
the Ministry of Energy for future update and use. This tool comprises spreadsheets that constitute a 
database in which data are consolidated for further processing and illustration. Filters are provided to 
select, highlight, and/or combine various datasets, such as sectors or industrial segments, focusing on a 
specific perspective at a time. 
 
Leveraging this tool, the data issued from the survey pertaining to heat demand and production were 
integrated with the geographical coordinates of relevant facilities to produce comprehensive maps and 
graphs (see example in Figure 13), offering a holistic view of both residential and industrial heat demand, 
as well as of heat production facilities, and providing valuable insights into heat consumption patterns and 
production capacities. 

 
 
29 The 20 biggest enterprises in Bulgaria consume about 88.3 percent (15.1 TWh) of the national heat energy demand in the 
industrial sector. 
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Figure 13: Screen capture example from the data processing tool. 

 
Source: !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 
 
The tool also captures the fuel type used by those production facilities, which allows the user to map the 
GHG emission footprint of heat production in Bulgaria. These maps not only visualize the spatial distribution 
of heat demand and production, but also facilitate a deeper understanding of the interplay between various 
factors influencing the heat demand/production landscape. Harnessing the insights generated by the tool 
is expected to inform the design and formulation of public policies. 

5.2. Current Heat Demand 

Figure 14 presents the geographical dispersion of heat demand in Bulgaria. Heat demand from 
municipalities and industries is concentrated in urban areas and their immediate surroundings, particularly 
in the cities of Sofia and Varna but also in Burgas and Plovdiv. The first two areas are located within regions 
with identified geothermal resources (represented in yellow). Regions currently presenting heat demand 
and geothermal resources would be, in principle, the most promising in terms of potential development of 
geothermal energy. 
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Figure 14: Municipalities and Industries heat demand (MWht /y, year 2022) vs. more promising geothermal areas. 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 
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The following sections will focus on the characterization of the demand and its compatibility with a 
potential supply from geothermal resources. 

5.2.1. Residential Heat Demand 

With a total estimated demand of 24 TWht/year (2022, see Table 7), the heat demand from the residential 
sector reaches 59 percent of the total estimated heat demand in the country. The main characteristics of 
residential heat demand are (i) seasonality, with larger demand in the winter and annual variations 
depending on climate; (ii) low-to-mid-temperature heat production being required for its supply; and (iii) 
dispersed demand, with multiple small consumers dispersed geographically.  

District heating (DH) is a good technological option for aggregating heat consumers and improving energy 
efficiency. About 17 cities in Bulgaria rely on DH to supply heat to residential customers, while combined 
heat and power (CHP) facilities are mainly associated with large industrial plants. However, some DH 
suppliers have invested in CHP facilities to improve their financials through the selling of electricity. Non-
connected heat consumers rely on biomass (mostly in rural areas and city outskirts), coal, oil products, and 
electricity (heat pumps) for heat production. For the purposes of this report, the analysis will concentrate 
on residential heat demand connected to DH, where geothermal energy could become an option for 
supplying the demand. For non-connected consumers, geothermal heat pumps could be an interesting 
alternative, but this analysis will be carried out in a separate component of the current assignment. 

 
Figure 15 and Table 9 depict the distribution of residential heat demand in Bulgaria by municipality, where 
Sofia, Plovdiv, Varna, and Burgas stand out as the main demand areas. 
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Figure 15: Residential heat demand by municipality (MWht/y, year 2022). 

 
SourceΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Table 9: District heating facilities in Bulgaria.  

District heating company (DHC) 
Average heat production, 

2018-2022  
(MWht/y) 

Sofia DHC 5,378,743 

Pernik DHC 746,382 

EVN Bulgaria Toplofikatsiya (Plovdiv) 646,209 

Ruse DHC 598,414 

Pleven DHC 455,503 

Sliven DHC 353,030 

Burgas DHC 183,109 

Kozloduy NPP 177,435 

Vratsa DHC 121,208 

Veolia Energy Varna 85.151 

Gabrovo DHC 42,745 

Veliko Tarnovo DHC 38,914 

Razgrad DHC 33,751 

Yuliko Eurotrade 2,615 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ analysis 

Note: Where no data are available (e.g., for EVN Bulgaria Toplofikatsiya and Veolia Energy Varna), data from the environmental 
compliance reports have been used. In those cases, information solely on heat production is available. Fuel consumption is derived 
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from assumed thermal efficiency based on technology used. 

5.2.2. Industrial Heat Demand 

5.2.2.1. Aggregated demand 

The industrial heat demand represents about 41 percent (17 TWht in 2022) of the total estimated heat 
demand in the country. Industrial heat demand is characterized by its (i) continuity, following industrial 
processes and market evolution for the relevant products, which tends to be more constant over the year 
than residential heat demand; (ii) variety of temperatures needed, depending on the industrial process for 
which heat is required; and (iii) concentrated demand, usually around large industrial facilities and 
industrial parks. 

The direct use of geothermal resources will be a function of its temperature and heat needs in the industrial 
side, either directly by the process, or to pre-heat the process feedwater. Either method will reduce 
proportionally the recourse to fossil fuels and, subsequently, carbon emissions. Though uncertainty 
regarding the temperature of the relevant geothermal resource does not allow a reliable segmentation 
based on this parameter at this stage, an analysis on the range of temperatures demanded by the industrial 
sector has been carried out (Figure 16). Once specific project sites and objectives are selected, the 
geothermal resource temperature must be confirmed through additional investigations aimed at 
quantifying the geothermal resource profile and its overall potential. 

Figure 16: Industrial heat demand by municipality (MWht/y, year 2022).  

 

 

 

 
 
 
 
 
 
 
 

 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 
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5.2.2.2. Characterization of temperatures required by industrial segments 

Understanding the range of temperatures needed by the different industrial segments is instrumental to 
assessing the potential of geothermal energy to supply the industrial demand. The analysis of industrial 
segments in this section is based on the Eurostat classification NACE 2.130 with the purpose of providing a 
comprehensive approach towards publicly available sources (i.e., Eurostat). The benefit of this 
segmentation is the ability to highlight the process temperatures required for each segment. Table 10 
illustrates fuel flows towards the industrial sector in Bulgaria in 2022.  

Table 10: Energy flows to industry sector, Bulgaria 2022 

Fuels demand by Industry 2022 Energy (GWh) % 

Electricity 111,745 65% 

Renewable energies 35,133 20% 

Heat 16,009 9% 

Non-renewable waste 9,489 6% 

    Total  172,376 100% 

Source: Eurostat 

 
The segmentation of the industrial sector, according to the NACE standards, provides more granularity for 
the type of energy used by each industrial segment given the specificities of their respective processes 
(Table 11). 

Table 11: NACE 2.1 segmentation of industrial energy flows in Bulgaria (2022).  

Eurostat Data  
Bulgaria (2022) 

Total energy 
(GWh) 

Percentage 
of total 

Electricity 
(GWh) 

Renewable 
energy 
(GWh) 

Heat 
(GWh) 

Chemical and petrochemical 24,332 14% 16,135 1,756 6,441 

Non-metallic minerals 26,366 15% 10,857 6,011 9,489 

Paper, pulp, and print 21,313 12% 4,910 16,342 61 

Non-ferrous metal 15,597 9% 12,620   2,977 

Iron & steel 7,479 4% 7,479     

Food and tobacco 21,486 12% 15,064 4,492 1,930 

Wood and wood products 9,476 5% 3,348 6,126   

Textile and leather 4,757 3% 3,394 82 1,281 

Transport equipment 1,476 1% 1,475     

Machinery 11,446 7% 11,334   91 

Mining and quarrying 16,774 10% 13,664   3,109 

Construction 2,636 2% 2,559 11 66 

Non-specified (industry) 9,226 5% 8,905 286 35 

Total 172.364   111,744 35,106 25,480 

Source: EurostatΣ ά9ƴŜǊƎȅ ōŀƭŀƴŎŜ Ŧƭƻǿ ŦƻǊ .ǳƭƎŀǊƛŀ нлнмέ όlink). 

 

 
 
30 EurostatΣ έb!/9Υ Overviewέ, https://ec.europa.eu/eurostat/web/nace 

https://ec.europa.eu/eurostat/cache/sankey/energy/sankey.html?geos=BG&year=2021&unit=KTOE&fuels=TOTAL&highlight=_&nodeDisagg=0101110101000&flowDisagg=true&translateX=-4835.930551623901&translateY=91.58818302115833&scale=1.511519928316226&language=EN
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The heat demand in industrial processes in Bulgaria reached 25,480 GWh in 2022, and Table 11 depicts the 
break down by industrial segment. However, the data sources used to assess the industrial heat demand 
with more granularity, based on the reports issued directly by the industrial firms, covers 16,525 GWh, as 
illustrated in Table 12. 

Table 12: NACE 2.1 Industrial segmentation heat demand (2022) 

Industrial Segments Heating energy 2022 (MWh) 

Chemical Products 6,617,078 

non-metallic mineral products 3,985,998 

Refined petroleum products 2,345,217 

Paper, pulp & print 1,126,001 

Non-ferrous 915,704 

Iron & Steel 511,519 

Other chemical products 306,602 

Food & Beverage 305,498 

Wood & Wood products 258,894 

Textile & Leather 73,757 

Pharmaceutical Products 65,045 

Plastic Products 13,808 

Total 16,525,121 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

 
Comparing the two datasets, it is evident that while the present study captures over 64 percent of the 
overall heat demand in the industrial sector, it falls short of characterizing the total heat demand reported 
by Eurostat. The dataset used for this report relies on industrial operators obligated to report their energy 
consumption, totaling 125 firms. The methodology, while not exhaustive, aligns with the order of 
magnitude found in the Eurostat database and the results may be extrapolated to some degree. The 
objective pursued is to identify the compatibility between geothermal sites and industrial activities, and 
not an in-depth investigation of industrial processes suited for geothermal applications, a purpose that the 
approach successfully serves. Subsequent sections will address each industrial segment as defined in the 
tables above. 

5.2.2.2.1. Chemical Products 

The industrial segment of chemical products comprises various categories that rely on different processes 
(e.g., distillation, compression, biochemical reactions) whose temperature requirements can vary 
significantly, from near-ambient controlled temperature to as high as 900°C: 

¶ Basic chemicals, produced in large quantities for further processing or use in manufacturing other 
products. Examples include acids, bases, solvents, and gases like ammonia and chlorine. 

¶ Specialty chemicals, with specific properties or functions tailored for particular applications, such as 
pharmaceuticals, agrochemicals, flavors, fragrances, and specialty polymers. 

¶ Petrochemical, including all chemicals derived from petroleum or natural gas feedstocks through 
processes like refining, cracking, or synthesis. Examples include ethylene, propylene, benzene, and 
toluene, which serve as building blocks for a wide range of other industrial products. 
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¶ Fertilizers and agrochemicals, used in agriculture to enhance soil fertility, promote plant growth, or 
protect crops from pests, diseases, and weeds. Examples include nitrogen fertilizers, phosphorus 
fertilizers, herbicides, and insecticides. 

¶ Pharmaceuticals and biopharmaceuticals. These are chemicals or biological substances used for 
medical purposes, such as diagnosis, treatment, prevention, or alleviation of diseases or medical 
conditions. Examples include active pharmaceutical ingredients (APIs), vaccines, and biologics. 

¶ Polymers and plastics. These are large molecules composed of repeating units called monomers, 
which are synthesized or processed into various forms for use in manufacturing plastics, fibers, films, 
and other materials. 

Table 13 presents, in order of decreasing heat demand, the main firms of this segment in Bulgaria used for 
this analysis. As can be seen, Solvay Sodi and Neochim are by far the dominant players, representing 90 
percent of the heat demand.  

Table 13: Chemical products.  

Demand / 
Production 

Industry NACE 2.1 Company or municipality Heat energy 
2022 (MWht) 

Demand Chemical Products Solvay Sodi 3,575,584 

Demand Chemical Products Neochim 2,578,446 

Demand Chemical Products Agropolychim 269,472 

Demand Chemical Products Ognyanovo K 98,708 

Demand Chemical Products Kalcit AD 47,704 

Demand Chemical Products Monbat 38,034 

Demand Chemical Products Agria 6,486 

Demand Chemical Products Start 2,109 

Demand Chemical Products Ruse Chemicals 364 

Demand Chemical Products Kastamonu 171 

  Total Demand 6,617,078 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 
As Figure 17 shows, the chemical plants are spread around the country with two areas of higher 
concentration: east and central Bulgaria, including Varna (Solvay Sodi) and the region of Plovdiv and 
Dimitrovgrad (Neochim). These major chemical plants produce basic chemicals and have process 
temperature requirements in the 125°Cς250°C range (soda ash production). 
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Figure 17: Location of main chemical plants and corresponding heat demand in Bulgaria.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

5.2.2.2.2. Non-Metallic Mineral Products 

The non-metallic mineral products segment, as classified by the NACE standard, encompasses diverse 
industries involved in the extraction, processing, and manufacturing of various non-metallic minerals and 
related products. This includes quarrying activities for stones, sand, and clay, as well as the manufacture of 
cement, lime, plaster, and other construction materials. Also, this segment includes the production of glass, 
ceramics, refractory products, and mineral-based insulation materials, along with the manufacturing of 
precast concrete products and cement-based articles for construction purposes. Processes within this 
segment range from the extraction of raw materials to the shaping, firing, and finishing of final products, 
all of which are essential for meeting the demands of construction, infrastructure development, 
manufacturing, and other industrial applications.  
 
This segment is characterized by the high temperature required by its unique processes and significant heat 
requirements. In cement manufacturing, the primary heat demand arises to about 1400°C during clinker 
production in kilns, where raw materials are heated to high temperatures for chemical reactions. Similarly, 
glass manufacturing relies on intense heat for melting raw materials in furnaces, shaping molten glass, and 
annealing final products. Brick, ceramic, and refractory manufacturing also entail firing processes 
necessitating high temperatures to achieve desired product characteristics. Across these processes, 
temperatures from 900°C up to 1600°C are required. Lower temperatures may be required during the 
preparation of raw material (drying, pre-heating) but this is commonly provided by large residual heat 
sources from the higher-temperature processes. Efficient heat management is essential to optimize energy 
usage and reduce environmental impacts, highlighting the importance of adopting energy-saving 
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technologies and practices in the non-metallic mineral products industry. 
 
The non-metallic industrial plants in Bulgaria are located all around the country and mostly present a similar 
heat demand footprint, as shown in Figure 18. The eight actors with the highest heat demand represent 
more than 75 percent of the demand for this segment, which denotes a high concentration. All plants 
correspond to the glass, ceramics, and cement industry categories, so their heat demand is associated with 
very high (> 900°C) temperature processes (Table 14). 

Table 14: Non-metallic products.  

Demand / 
Production 

Industry NACE 2.1 Product 
Category 

Company or 
municipality 

Heat energy 
2022 (MWht) 

Demand Non-metallic mineral products Glass BA glass 679,112 

Demand Non-metallic mineral products Cement Devnya Cement 678,472 

Demand Non-metallic mineral products Glass Trakia Glass 640,924 

Demand Non-metallic mineral products Cement Holcim 452,339 

Demand Non-metallic mineral products Glass Pashabahche 404,814 

Demand Non-metallic mineral products Ceramics Khan Asparuh 295,847 

Demand Non-metallic mineral products Glass Rubin Trading 191,618 

Demand Non-metallic mineral products Ceramics Han Omurtag 165,245 

Demand Non-metallic mineral products Ceramics Ideal Standart 96,340 

Demand Non-metallic mineral products Glass Novo staklo 90,228 

Demand Non-metallic mineral products Ceramics Wienerberger 74,534 

Demand Non-metallic mineral products Ceramics Keros 62,418 

Demand Non-metallic mineral products Ceramics Dura Tiles 56,574 

Demand Non-metallic mineral products Ceramics Roca Bulgaria 49,357 

Demand Non-metallic mineral products Ceramics Keramat 20,704 

Demand Non-metallic mineral products Ceramics Trud AD 7,223 

Demand Non-metallic mineral products Ceramics Prolife 1,791 

Demand Non-metallic mineral products Ceramics Shamot 1,148 

Demand Non-metallic mineral products Ceramics Keraminzhenering 132 
   

Total Demand 3,968,820 

SourŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 
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Figure 18: Location of non-metallic industrial plants and corresponding heat demand in Bulgaria.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

5.2.2.2.3. Refined Petroleum Products 

The refined petroleum products segment, as classified by the NACE standard, encompasses a range of 
industries involved in the refining, processing, distribution, and retailing of petroleum-derived fuels and 
other refined products. This includes establishments engaged in crude oil refining, where processes such 
as fractional distillation, cracking, and reforming are employed to convert crude oil into various products 
like gasoline, diesel, jet fuel, heating oil, and lubricants. Additionally, this segment includes manufacturing 
facilities specializing in the production of refined petroleum products.  
 
The temperature requirements within the refined petroleum products segment vary across different 
processes and activities. In crude oil refining, temperatures can range from around 200°C to 800°C or 
higher, depending on the specific processes such as fractional distillation, cracking, and reforming. These 
processes are essential for separating crude oil into its constituent hydrocarbon fractions and converting 
them into valuable products like gasoline, diesel, and lubricants. The facility of Lukoil in Burgas is the main 
refined petroleum plant in Bulgaria, with a heat demand of 2,345 GWh in 2022 (see Table 15 and Figure 
19).  

Table 15: Refined petroleum products.  

Demand / 
Production 

Industry NACE 2.1 Company or 
municipality 

Heat energy 
2022 (MWht) 

Demand Refined petroleum products Lukoil 2,329,530 

Demand Refined petroleum products Insa Oil 11,236 
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Demand Refined petroleum products Lubrika 4,311 

Demand Refined petroleum products AskBul 140 
  

Total Demand 2,345,217 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Figure 19: Location of refined petroleum products facilities and corresponding heat demand in Bulgaria.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

5.2.2.2.4. Paper, Pulp & Print 

The paper, pulp, and print segment, classified by the NACE standard, encompasses a range of industries 
involved in the production of paper, pulp, paperboard, and printed materials. This includes the 
manufacturing of pulp, paper, and paperboard from wood, recycled paper, or other fibrous materials, 
where temperature control is crucial during processes. 
 
The temperatures involved in the paper industry are in the 40°Cς200°C range, depending on the process 
(bleaching, de-inking, drying cocking, etc.), with the higher-temperature processes requiring the use of 
steam. This steam is generated with steam boilers or CHP facilities based mainly on fossil fuels. Figure 20 
presents the geographic locations of the industrial paper segment in Bulgaria, while the corresponding heat 
demand is reported in Table 16. This segment is concentrated in two locations: around the city of Plovdiv 
in central Bulgaria, and in the Pleven region in the north (company Svilosa, in the city of Svishtov). The latter 
is located within a promising geothermal area.  
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Table 16: Paper, pulp & print segment heat demand.  

Demand / 
Production 

Industry NACE 2.1 Company or 
municipality 

Heat energy 
2022 (MWht) 

Demand Paper, pulp & print Svilosa 495,451 

Demand Paper, pulp & print Mondi 460,166 

Demand Paper, pulp & print DS Smith 132,213 

Demand Paper, pulp & print Clears 25,964 

Demand Paper, pulp & print Velpa 91 12,207 

  Total Heat 
demand 

1,126,001 
 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Figure 20: Location of Pulp, paper, and print facilities and corresponding heat demand in Bulgaria.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

5.2.2.2.5. Non-ferrous 

The non-ferrous metals segment, as classified by the NACE standard, encompasses a diverse range of 
industries involved in the extraction, processing, manufacturing, and distribution of non-ferrous metals and 
related products. This includes primary production activities such as ore extraction, smelting, and refining 
to produce metals like copper, aluminum, lead, zinc, and precious metals. Additionally, the manufacture of 
fabricated metal products, including pipes, tubes, wires, and metal structures involves various processes 
such as metal forming, welding, and machining, and often requires heat for shaping and fabrication. 
 
The non-ferrous metals segment requires significant heat input across various processes, including primary 
production, fabrication, and distribution. In primary production, such as smelting and refining, substantial 
heat, with process temperature that may exceed 1000°C, is needed to melt ore concentrates and extract 
metals from impurities. 
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The composition of this sector in Bulgaria is presented in Table 17. With the KCM plant accounting for more 
than 50 percent of the heat demand, the segment is highly concentrated. This plant produces zinc and is 
located close to Plovdiv in central Bulgaria (see Figure 21).  

Table 17: Non-ferrous heating demand. 

Demand / 
Production 

Industry 
NACE 2.1 

Company or 
municipality 

Heat energy 
2022 (MWht) 

Demand Non-ferrous KCM 497,910 

Demand Non-ferrous Aurubis Bulgaria 190,667 

Demand Non-ferrous Alcomet 86,600 

Demand Non-ferrous Sofia Med 80,637 

Demand Non-ferrous Linamar 34,518 

Demand Non-ferrous El Bat 11,301 

Demand Non-ferrous Stam Trading 8,602 

Demand Non-ferrous Almed 3,368 

Demand Non-ferrous Osam 2,964 

Demand Non-ferrous Mineral commerce 902 

Demand Non-ferrous Elchim Iskra 647 

Demand Non-ferrous Sam Trading 479 

Demand Non-ferrous Meridian 29 380 

Demand Non-ferrous Vias 340 
  

Total Demand 919,315 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 
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Figure 21: Location of non-ferrous products facilities and corresponding heat demand in Bulgaria. 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

5.2.2.2.6. Iron & Steel 

This segment includes industries involved in the extraction of iron ore; the production of pig iron, steel 
ingots, and semi-finished products; and the manufacture of ferroalloys. Iron ore mining involves drilling, 
blasting, and excavation, while iron and steel production processes such as smelting, refining, and casting 
require high temperatures (up to 1400-1500°C) and specialized equipment. This segment accounts for only 
3 percent of the heat demand of the industrial sector in Bulgaria. Its composition is presented in Table 18.  

Table 18: Iron & Steel demand 

Demand / 
Production 

Industry 
NACE 2.1 

Company or 
municipality 

Heat energy 
2022 (MWht) 

Demand Iron & Steel Stomana Industry 350,876 

Demand Iron & Steel Promet steel 153,613 

Demand Iron & Steel Kolhida metals 1,798 

Demand Iron & Steel Palfinger 1,539 

Demand Iron & Steel Sibi 1,139 

Demand Iron & Steel AK Electric 1,104 

Demand Iron & Steel ZGP 920 

Demand Iron & Steel Metal 530   
Total heat 
demand 

511,519 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 
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The iron and steel segmentΩs heat demand is substantial, driven by energy-intensive processes such as 
ironmaking, steelmaking, casting, and ferroalloy production. Ironmaking processes like blast furnace and 
direct reduction require high temperatures to smelt iron ore into molten pig iron or sponge iron, while 
steelmaking processes like basic oxygen furnace and electric arc furnace operate at even higher 
temperatures to refine pig iron or scrap steel into molten steel. Casting and forming operations further 
require maintaining molten steel at elevated temperatures for proper shaping and solidification, while 
ferroalloy production involves smelting and alloying processes operating at extreme temperatures. 
 
In terms of location, while the main actor (Stomana Industry) is close to Sofia, the second (Promet Steel) 
is located in Burgas, in the eastern part of the country (see Figure 22). 

Figure 22: Location of iron & steel factories and corresponding heat demand in Bulgaria.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

5.2.2.2.7. Food & Beverages 

The heating demand in the food and beverage segment is diverse and substantial, with various processes 
requiring heat for cooking, drying, processing, sterilization, and preservation (Figure 23). Operations such 
as baking, brewing, drying and distilling rely on heating to achieve specific temperatures for ingredient 
transformation and flavor development. Cooking methods like boiling, steaming, and frying also require 
heat for food preparation, while pasteurization and heat treatment are essential for ensuring product 
safety and extending shelf life. Other beverage and food processing require high temperature as defined in 
the present report, as alcohol, beer, cider and corn syrup production. Additionally, heat is used in food 
packaging processes such as sealing and sterilization to protect and preserve packaged products.  
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Figure 23: Other food & beverage heat demand (2022).  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

 

Table 19: Summary of industrial heat demand by sectors in Bulgaria 

 

Type of industry Heat demand MWht Process temperatures Main actors 

Chemical products 6,617,078 Vary from low to very high- 
125C to 250C for the two main 
industries 

Solvay Sodi (Varna), 
Neochim (Plovdiv and 
Dimitrovgrad) 

Nonmetallic products 3,968,820 Very high (>900C) BA glass (Sofia), Devnya 
Cement (Varna). Trakia 
Glass (Targovishte), 
Holcim (Vratsa), 
Pashabahche 
(Targovishte) 

Refined petroleum products 2,345,217 200-800C Lukoil (Burgas) 

Paper, pulp & print 1,126,001 40-200 C Svilosa (Pleven), Mondi 
(Plovdiv) 

Non ferrous 919,315 High temperatures for primary 
production 

KCM zinc (Plovdiv) 

Iron and Steel 511,519 High temperatures Stomana (close to Sofia), 
Promet Steel (Burgas) 

Food and beverages 319,065 Around 80-100C or less, 
depending on the process 

ADM (Ruse), VP Brands 
(Plovdiv) 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 
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5.2.3. Heat Demand from the Agriculture and Farming Sectors 

In the agriculture and farming sectors, two specific applications emerge as suitable for direct geothermal 
energy applications, namely greenhouses and poultry and pig farms. These applications use heat for space 
heating aiming at keeping crops (flowers, vegetables) and animals in a good environment to grow. They are 
characterized by their low temperature requirements throughout the year, needing maintain temperature 
between 20°C and 30°C in their premises.  

5.2.3.1. Farming 

Farming (mainly chicken farms) is spread geographically over the countryside in the center and northeast 
of Bulgaria (see Figure 24). Some of these areas overlaps with areas of promising geothermal resources- in 
particular in the Pleven region, and on the east of that region. 

Figure 24: Farming heat demand (2022)  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

5.2.3.2. Agriculture and greenhouseǎΩ heat demand 

Figure 25 presents the locations of the greenhouses surveyed for this report. Spread over the country, 
located in northern, central and southern .ǳƭƎŀǊƛŀΣ ƎǊŜŜƴƘƻǳǎŜǎΩ ƘŜŀǘ ŘŜƳŀƴŘ ƛǎ ǎǳōǎǘŀƴǘƛŀƭ ŀƴŘ ŀƳƻǳƴǘs 
to about 200,000 MWht per year on average, with the main demand located in Pleven, Plovdiv, and Vratsa 
and in the Struma Valley regions. 
 
Greenhouses are usually supplied by combined heat and power facilities and hence they appear in the 
survey data linked to heat production facilities (see Table 20Table 21). 
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Table 20: CHP facility supplying greenhouses in Bulgaria.  

CHP Facility 
Supplying greenhouses 

In Bulgaria 

Total Installed 
Heat Capacity 

(kWt) 

Total Installed 
Power Capacity 

(kWe) 

Average heat 
production 
(2018-2022) 

(MWht) 

Alt Ko 1,821 1,850 8,044 

ChZP Rumyana Velichkova 1,945 1,850 6,517 

Cogreen 6,680 6,666 29,765 

Gimel Greenhouses 200 da 4,769 4,871 24,683 

Gimel Greenhouses 500 da 4,073 3,944 17,871 

Gimel II Greenhouses 3,035 3,044 6,978 

Inertstroy Kaleto 3,158 3,358 11,933 

Nova Power n.a 2,430 266 

Petrich DHC 17,224 15,584 80,000*  

Petrov dol Greenhouses 1,990 2,000 10,361 

  Total 196,418 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎΦ  

* Petrich DHC has not declared its actual heat generation; the figure 80,000 MWh per year is a forecast taken from EWRC pricing 
decision C-39/24.11.2021 (https://www.dker.bg/uploads/reshenia/2021/res-c39-2021.pdf 

Figure 25: Location of greenhouses and corresponding heat demand in Bulgaria.  

 
Source: Source: !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎΦ 

https://www.dker.bg/uploads/reshenia/2021/res-c39-2021.pdf
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5.3. Prospective Drivers of Geothermal Heat Demand increase 

5.3.1. Expected Natural Growth of Heat Demand 

The first driver for potential new heat demand that could be sourced by geothermal energy would be the 
natural growth of heat demand, as result of demographic or economic growth, or both. In 2022, the 
Ministry of Energy31 forecasted a decrease in the demand for heating and cooling of 2 percent by 2030 
compared to 2020 levels. This reduction would be equivalent, based on aggregated heat consumption in 
2020, to 840 GWh of heat. At the same time, the draft updated NECP (June 2024) expects that the share 
of renewable energy in  gross final consumption of heating and cooling energy will increase from 37.2 
percent in 2020 to 45.5 percent in 2030.  
 
Currently, DH meets 36 percent of the residential heating demand in the country, while CHP accounts for 
35 percent of the industrial heat supply. Notably, these facilities rely predominantly on fossil fuels (93 
percent (see Figure 26 and Annex C), particularly coal and lignite (44 percent), which are to be phased out 
by 2038. While the aggregated heat demand may be expected to decline in the midterm, there is an 
opportunity to displace conventional heating sources by geothermal energy in space heating in new 
buildings and neighborhoods, and new industrial demand (especially for low-temperature processes). It is 
also relevant to acknowledge the significant losses incurred by DH networks, which currently range from 
20 percent to 50 percent32, underscoring the imperative for modernization efforts to mitigate energy 
inefficiencies ς with the potential for significant reductions in fuel consumption and GHG emissions.  

5.3.2. Coal Transition 

The coal phasing out in Bulgaria, key element of the ŎƻǳƴǘǊȅΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ European Green Deal, 
offers a good opportunity for geothermal energy to offset the declining coal capacity. While the 
substitution of the current coal-fired power capacity by geothermal technologies for electricity generation 
may be challenging, heat production from coal may be a more promising option for being totally or partially 
replaced by geothermal energy. Coal and lignite accounted for 44 percent of the energy required to 
produce heat in Bulgaria on average between 2018 and 2022 (or 8,606 GWh; see Table 1). Developing 
alternative fuel strategies such as biomass, refuse-derived fuel (RDF), or geothermal will be key to filling 
the impending heating gap following the coal phase-out.  

As shown in Figure 26, the use of coal (light blue) and lignite (purple) is limited to a few facilities only, 
according to the data available. 

 
 
31 Ministry of Energy of Bulgaria, A comprehensive assessment of the potential for high-efficiency cogeneration and for effective 
district heating and cooling systems in the Republic of Bulgaria, January 2022, https://energy.ec.europa.eu/system/files/2022-
01/BG%20CA%202020%20en.pdf#page=57&zoom=100,54,326.  
32 Based on interviews with several DH companies.  

https://energy.ec.europa.eu/system/files/2022-01/BG%20CA%202020%20en.pdf#page=57&zoom=100,54,326
https://energy.ec.europa.eu/system/files/2022-01/BG%20CA%202020%20en.pdf#page=57&zoom=100,54,326
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Figure 26: Fuel utilization distribution average (2018-2022).  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎΦ 

Among the facilities using coal in Bulgaria (Figure 26), Solvay Sodi CHP, Ruse DH, and Pernik DH are located 
in or close to promising geothermal areas, as discussed in the preceding sections. They could therefore 
represent an interesting priority for switching to geothermal heat. Most of the coal-based facilities have 
already embraced alternative fuel use (biomass) to a certain extent compared to their overall heat 
production. 
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Figure 27: Fuel usage (MWh/y) by DH and CHP facility.  

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎΦ 

Note: For Sofia DH, liquid fuel usage represents 0.012% of overall fuel usage over FY2018-22, and hence is not visible in the graph.  

The coal phasing out also represents considerable potential to reduce GHG emissions, which may achieve 
up to 3 million tons of CO2eq

33 if conventional fuels are replaced by renewable heat sources and fuels 
(biogas, electrification based on renewable sources, or geothermal energy). Assuming an overall heat 
conversion factor of 85 percent at national level, a 2 percent decrease in consumption would lead to a fuel-
saving equivalent of 1 million MWh, or about 12 percent of the average annual coal and lignite consumption 
between 2018 and 2022. Moreover, the introduction of geothermal technologies may have a positive 
impact in air quality, reducing pollution in urban areas. 

5.3.3. Agriculture and Farming Sectors  

The agriculture and farming sectors may be good candidates for exploiting geothermal energy due to their 

low temperature heat demand. Geothermal energy in areas with geothermal resource may displace current 

space heating sources in pig and chicken farms, displace other heating sources in green houses and expand 

the rolling out of geothermal greenhouses to increase the productivity of the agriculture sector. Moreover, 

recent dynamics in the agriculture sector in Bulgaria ςin particular, due to climate change impactsς could 

result in a rise in the attractivity of alternative, green solutions to support the competitiveness of some 

segments, in particular vegetables crops. Productive uses of heat from geothermal resources mostly 

depend on the temperature of the fluid and its chemical constraints.    

5.3.3.1. Bulgaria Context34 

In 2022, the agricultural sector (agriculture, forestry and fisheries) in Bulgaria accounted for 3.9 percent of 

the gross domestic product (GDP). A major part of the agricultural production value derives from crop 

 
 
33 Calculated based on estimates presented in Section 7.   
34  Source: Annual report on the State and Development of Agriculture, Ministry of Agriculture, Bulgaria, 2022, 
https://www.mzh.government.bg/media/filer_public/2023/01/26/ad_2022_en.pdf.   

https://www.mzh.government.bg/media/filer_public/2023/01/26/ad_2022_en.pdf
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production, with cereals and industrial crops (oilseed, protein and tobacco) being the most prominent 

sectors. Bulgaria is also an exporter of rose and lavender oil, honey, pig meat, and poultry.   

.ǳƭƎŀǊƛŀΩǎ horticulture production has been increasingly affected by climate change. Crop damage in 2021 

was reportedly caused by adverse weather events including frost, torrential/continuous rain with 

hurricane-force winds, floods, hail, and drought. The amount of open area planted with fresh vegetables, 

strawberries, potatoes, and legumes, reached 35,965 ha, and greenhouse areas dedicated to vegetables 

(tomatoes, cucumbers, salads and lettuce, peppers and gherkins) reached 1,107 ha. The total production 

of vegetables ς the harvest in 2021 amounted to about 690,000 tons ς was 5.9 percent above the level of 

the previous year (a 4 percent increase in open air areas and 17.2 percent in greenhouses). 

Over 83 percent of the meat produced in the country in 2021 was of the chicken species. The number of 

farms raising chickens for meat in 2021 fell significantly compared to the previous year (by 66.3 percent), 

while the number of birds increased by 3.1 percent. There was in particular a sharp decrease in the number 

of small farms (with 1 - 199 birds) ς by 80.1 percent ς and the number of birds raised in them (-81.8 

percent). Giving the importance of chicken meat production for Bulgaria, finding alternatives to increase 

its sustainability will be essential. 

The total production of pork in 2021 was 83,119 tons, which represented 73 percent of the total production 

of red meat in the country ς a 25.4 percent year-on-year increase ς as a result of a 27 percent increase in 

the production of the slaughterhouses, while that in livestock farms fell by 25.9 percent to 1,487 tons. 

5.3.3.2. Opportunities for direct uses of geothermal energy in farms 

Farming heat demand seems a good option for using geothermal resources. However, current farming heat 
demand seems to be mainly placed outside the areas with good prospects to find geothermal resources 
(Figure 28).  
 
One alternative to improve the use of geothermal energy would be to move some of these farms nearby 
the geothermal resources and support the extraction of geothermal heat to feed the heat demand of the 
farms. Should this option not be economically viable, these farms may explore the use of geothermal heat 
pumps to displace the current use of conventional fuel-based heating systems.  
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Figure 28: Farming and geothermal areas 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

5.3.3.3. Opportunities for further development of direct uses of geothermal energy in agriculture 

According to the analysis, potential for utilizing geothermal in agriculture is identified in three categories, 
horticulture, aquaculture and agro-industrial processes (see Figure 29). 



64 
 

Figure 29. Main possible direct uses of geothermal energy in the agro-industrial sector 

 
Source: Energy Sector Management Assistance Program (2022), Direct Utilization of Geothermal Resources, Technical Report 
21/22. 

 

Greenhouse heating is one of the most common direct applications of geothermal energy reported in 31 
countries worldwide.35 Greenhouse heating is commonly employed to grow crops such as vegetables and 
fruit in addition to flowers, houseplants, and tree seedlings.   

Geothermal resources are usually compatible with horticultural applications, especially where a large 
amount of low-temperature geothermal fluid is available for heating greenhouses, soil, and irrigation. Thus, 
in horticulture, geothermal is not only a potential source of heat for growing crops (heating greenhouses 
or soil) but it also may be a potential source for irrigation, depending on the chemical composition of the 
geothermal fluid. 

The map below overlaps vegetables production with identified geothermal areas (detailed maps for each 
geothermal area could be available separately).  

 
 
35 Direct Utilization of Geothermal Resources (ESMAP, 2022) 
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Figure 30: Vegetables in promising geothermal areas 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 

Aquaculture, or aqua farming, is the raising of aquatic animals such as fish, crustaceans, and mollusca, as 
well as aquatic plants such as algae and seaweed. One of the purposes of using geothermal resources for 
fish farming is to enhance the growth rate by creating stable and temperature-controlled environmental 
conditions.  

Agroindustry, or food processing, plays an important part in reducing postharvest losses and ensuring that 
the food produced is safe for consumption. As shown in Error! Reference source not found., geothermal r
esources can be used in diverse processes including drying, pasteurization, sterilization, evaporation, and 
distillation. A great variety of food (such as: fruit and vegetables, fish, coffee and cacao beans, and tea) is 
dried using a thermal drying process, mainly for preservation purposes.  

In terms of greenhouses, as discussed earlier, the heat demand in Bulgaria is substantial at about 200,000 
MWht per year on average, with main greenhouse demand in Pleven, Vratsa and in the Struma Valley 
regions, areas with geothermal resource potential (Figure 25). The main crops produced in greenhouses 
in Bulgaria are tomatoes and cucumbers.  
 
In recent decades, the technology associated with the construction of and agricultural production within 
advanced greenhouses has progressed considerably, with significant changes in design, materials, 
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ŀƎǊƛŎǳƭǘǳǊŀƭ ǘŜŎƘƴƛǉǳŜǎΣ ŜǘŎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ȅƛŜƭŘ ƛƴ άǘŜŎƘƴƻƭƻƎȅ-ƛƴǘŜƴǎƛǾŜέ ƎǊŜŜƴƘƻǳǎŜǎ Ƙŀǎ 
ǎŜŜƴ ŘǊŀƳŀǘƛŎ ƛƴŎǊŜŀǎŜǎΤ ŦƻǊ ƛƴǎǘŀƴŎŜΣ ǿƘŀǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ άƎƻƻŘέ ǘƻƳŀǘƻ ȅƛŜƭŘ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ млл 
tons per hectare to 600 tons per hectare in recent years36. In the case of Bulgaria, there could be significant 
ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƛƴ ƎǊƻǿƛƴƎ ŦƭƻǿŜǊǎ ƛƴ ƎǊŜŜƴƘƻǳǎŜǎΦ ²ƘƛƭŜ .ǳƭƎŀǊƛŀΩǎ άwƻǎŜ ±ŀƭƭŜȅέ ƛǎ ƴƻǘ ǎƛǘǳŀǘŜŘ ƛƴ ǘƘŜ 
identified geothermal areas ςthough geothermal heat pumps may be suitable, the country has extensive 
experience in growing roses and has become one of the leading exporters of roses in the world. Some 
countries have extensively and successfully developed greenhouses heated by geothermal energy. In 2019, 
9.4 percent of the energy consumed in the Dutch greenhouse sector came from renewable sources, in 
particular geothermal, a trend that is likely to continue (Box 1). 

 
 
36 Paris, B. et al. 2022. "Energy Use in Greenhouses in the EU: A Review Recommending Energy Efficiency Measures and Renewable 
Energy Sources Adoption", Applied Sciences 12, no. 10: 5150. https://doi.org/10.3390/app12105150.  

https://doi.org/10.3390/app12105150
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Box 2: Türkiye: Financing the growth of geothermal greenhouses 

When excluding heat pumps, Türkiye ranks second globally in its use of geothermal heat. Installed direct-use 
ŀǇǇƭƛŎŀǘƛƻƴǎ ƘŀǾŜ ŀ ǘƘŜǊƳŀƭ ŎŀǇŀŎƛǘȅ ƻŦ рΦм ƎƛƎŀǿŀǘǘǎ ǘƘŜǊƳŀƭ όD²ǘύΣ ŜǉǳŀƭƛƴƎ уΦр ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ сл 
GWt theoretical geothermal potential.  

Approximately 25 percent of direct-use applications are in heated greenhouses. Their growth has been 
remarkable over the past two decades, with total surface area expanding 400 percent since 2002. There have 
been multiple drivers of this growth:  

¶ There is a strong correlation between temperature-controlled greenhouses and crop yield.  

¶ Greenhouse heating is a simple, direct application of geothermal energy, requiring only a low-to-
middle temperature source.  

¶ Geothermal is more economical than other sources of heat; this greatly reduces the operating 
expenses of a greenhouse.  

¶ The Turkish government has implemented programs to attract private investment in geothermal 
greenhouse development.  

¢ƘŜ ¢ǳǊƪƛǎƘ aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ŀƴŘ CƻǊŜǎǘǊȅΩǎ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ǇƻǘŜƴǘƛŀƭ ƛƴǾŜǎǘƻǊǎ ƛƴ ǘƘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ƛƴŘǳǎǘǊȅ 
recommend (and incentivize) a greater focus on geothermal greenhouses. Meanwhile, Ziraat Bank and the 
Agricultural Credit Cooperative offer low-interest investment and working-capital loans that provide greater 
flexibility than traditional financing, including a principal grace period of up to two years. Investors can also 
access grants from both the Ministry of Agriculture and Forestry and a national program supporting rural 
development. 

{ƻǳǊŎŜǎΥ Lw9b! нлннŀΤ 9{a!tκ²ƻǊƭŘ .ŀƴƪ όнлнпύΣ DŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅΥ ¦ƴǾŜƛƭƛƴƎ ǘƘŜ {ƻŎƛƻŜŎƻƴƻƳƛŎ .ŜƴŜŬǘǎΦ 
 

Box 1. The Netherlands: Supportive government policies for geothermal heated greenhouses 

The impact of national policies on expanding the use of geothermal energy is clearly seen in the Netherlands 
(IRENA 2019, 2020b; Ministry of Economic Affairs and Climate Policy 2020; Ramsak 2020). Since 2007, the growth 
of geothermal heat projects has been remarkable, especially in the agriculture sector, where most of the projects 
are dedicated to heating commercial greenhouses. The combination of policies and support schemes used in the 
Netherlands includes: 

¶ A geothermal action plan aiming to reach the target of 11 PJ of geothermal heat by 2020; 

¶ Public access, via online geological databases such as the Basisregistratie Ondergrond and DINOloket, to 
subsurface data, which mining, oil, and gas operators are required to make available in accordance with the 
provisions of the Dutch mining law; 

¶ A geothermal guarantee scheme covering geological risk; 

¶ A support scheme (called the Stimulation of Sustainable Energy Production and Climate Transition) 
providing an operating subsidy to sustainable energy production projects, including geothermal heat 
projects; and 

¶ A plan to accelerate the development of geothermal resources for horticulture 
 
The figure below shows the dramatic growth of geothermal development in response to those policies. 

 
Source: Ministry of Economic Affairs and Climate Policy in the Netherlands, 2018.  
Note: PJ = petajoule. 
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Although the heat demand analysis did not identify the need for heat in individual food processing/farming 
facilities, it identified chicken farming and pig farming as potential uses of heat. There are chicken farms in 
one of the geothermal areas identified: Pleven (Figure 28).  

5.4. Large-scale Heat Production 

There are two main types of large-scale heat generation facilities in Bulgaria, namely combined heat and 
power facilities (CHP) and district heating facilities (DH). In this report, CHP facilities are those that primarily 
supply energy to industrial sites (including greenhouses), while DH facilities are defined as those designed 
to deliver heat to residential customers or "municipalities". Although DH facilities may also generate 
electricity (thus performing as CHP systems), this report focuses specifically on the ability of both types of 
facilities to create and supply heat to end-users. Figure 31 depicts the geographical location of DH and CHP 
facilities in Bulgaria together with the geothermal areas identified (yellow areas).  

Figure 31: Location of DH and CHP facilities in Bulgaria (2022), vs. more promising geothermal areas. 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Because CHP and DH facilities must report on their operations on a yearly basis, this report compiles a 
complete set of the data required to perform the assessment of the heat generated by CHP and DH 
facilities. This was done by reviewing reports issued by the Executive Environmental Agency under the 
Ministry of Environment and Water (MoEW), and data from the Energy and Water Regulatory Commission 
(EWRC).37 The latter is a database that provides information on heat produced/distributed in major 
greenhouse facilities, in some industrial sites, and in DH systems38. When fuel utilization was not reported 

 
 
37 /It ƻǇŜǊŀǘƻǊǎΩ ǇǊƛŎƛƴƎ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ нлмуς2022: https://www.dker.bg/bg/toploenergetika/tseni-3.html.  
38 ²ƘŜǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ƴƻǘ ŀǾŀƛƭŀōƭŜ ό9±b .ǳƭƎŀǊƛŀ ¢ƻǇƭƻŦƛƪŀǘǎƛȅŀ ŀƴŘ ±Ŝƻƭƛŀ 9ƴŜǊƎȅ ±ŀǊƴŀύΣ Řŀǘŀ ŦǊƻƳ /It ƻǇŜǊŀǘƻǊǎΩ ǇǊƛŎƛƴƎ 
applications for the period 2018ς2022 was used: https://eea.government.bg/bg/r-r/r -kpkz/godishni-dokladi-14/index.  

https://www.dker.bg/bg/toploenergetika/tseni-3.html
https://eea.government.bg/bg/r-r/r-kpkz/godishni-dokladi-14/index
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in the publicly available data, assumptions related to the efficiency of the plant were made according to 
the technology used. In the case of internal combustion engines, the total overall efficiency was assumed 
to be 90 percent, with a ratio of 30 percent and 60 percent efficiency, respectively, for electricity and heat 
production.  

Figure 32: Heat generation by DH and CHP, by operator (MWht/y, year 2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 
In principle, large CHP facilities surveyed supply the demand of nearby industrial facilities, with two 
exceptions ς Brikel and Petrich ς where the plants supply in parallel both a nearby industrial park and a DH 
network (Table 21).  
 
Some facilities are currently undergoing operational changes not captured by the information analyzed in 
this report, notably the cease of operation of the Gabrovo district heating facility in 2023. The fuel 
utilization pattern of some plants is also evolving. The cogeneration facility supplying heat and power to 
the Solvay Sodi plant in Varna recently announced an investment designed to replace 30 percent of the 
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coal used to date with refuse-derived fuel (RFD)39, a fuel produced from various types of waste such as 
municipal solid waste, industrial waste, or commercial waste. 
 

Table 21: CHP facilities: heat production for industrial utilization (2018ς2022). 

CHP Facility 
2022 

(MWht) 
2021 

(MWht) 
2020 

(MWht) 
2019 

(MWht) 
2018 

(MWht) 

Average 
Heat 

Production 
(MWht/y) 

Bella Bulgaria 7,384 6,372 7,384 7,384 8,396 7,384 

Dekoteks 1,639 5,166 4,691 0 8,651 4,029 

Dimitar Madzharov - 2 4,996 6,009 6,221 6,218 6,632 6,015 

Gorna Oryahovitsa 
TPP 

148,430 70,599 65,806 155,822 98,986 107,928 

MBAL Targovishte 208 371 509 567 565 444 

Overdrive 398 568 1,426 842 1,051 857 

Solvay Sodi 3,310,130 3,392,297 2,787,612 3,220,797 3,503,306 3,242,828 

Zebra* 0 156 715 435 435 348 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

* For the fuel consumption estimate of the Zebra CHP facility, the authors have assumed a thermal efficiency of 60% as it is based 
on internal combustion engine (ICE) technology. 

 
Finally, the report does not consider DH in the town of Kozloduy because it receives its heat supply from 
the local nuclear plant (only Bulgarian town that uses nuclear fuel as heating source). The average heat 
supplied annually for residential usage in Kozloduy is around 42 GWh (39 to 45 GWh), and the heat for non-
residential usage averages at around 39 GWh. 

 
 
39 https://www.solvay.com/en/news/solvay-sodi-plans-build-thermal-processing-plant-alternative-fuels.  

https://www.solvay.com/en/news/solvay-sodi-plans-build-thermal-processing-plant-alternative-fuels
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Figure 33. Sofia heat distribution network.  

 
Source: Toplofikacia Sofia plan 

 
Specific mention must be made of the DH system in the city of Sofia, which is operated by Toplofikacia Sofia 
in large parts of the Sofia municipality (Figure 32, Figure 33), and has considered in the past potential 
alternatives to decarbonize its heat production like geothermal. It is by far the largest DH company in 
Bulgaria, with an average fuel consumption of 6,468,535 MWh/y ςabout one third of the national natural 
gas consumptionς and average heat production of 4,674,202 MWh/y. 

5.5. Combined Heat Demand and Production analysis 

This section summarizes the outcomes of the analysis carried out in previous sections on the heat demand 
and large-scale heat production in Bulgaria, and the potential opportunities for direct use of geothermal 
heat. For this purpose, this section builds on the findings of previous sections and geographically overlaps 
the information on both the heat demand and large heat production in Bulgaria, also integrating the 
existing information on geothermal resources, to map potential opportunities to develop geothermal 
energy. 
 
Figure 33 shows main heat consumption of the residential and industrial sectors in Bulgaria. The residential 
heat demand seems to be quite geographically dispersed, while ethe industrial demand is somehow more 
concentrated.  
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Figure 34: Industrial and residential heat demand (MWht/y, year 2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

5.5.1. Main heat demand and production poles 

On residential heat demand, Sofia municipality represents the biggest residential heat demand area 
όŀǊƻǳƴŘ нл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǘƻǘŀƭ ƘŜŀǘ ŘŜƳŀƴŘ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅύΣ ŀƴŘ {ƻŦƛŀΩǎ ŘƛǎǘǊƛŎǘ ƘŜŀǘƛƴƎ ŎƻƳǇŀƴȅ ƛǎ ǘƘŜ 
largest heat-generation facility of its kind in Bulgaria, with a share of 61 percent of the national DH heat 
generation (consuming about one-third of the available natural gas in Bulgaria). The municipalities of 
Plovdiv, Varna and Burgas are the remaining entities with heat demand above 1 million MWht per year. 
 
On industrial heat demand, the largest industrial heat demand was identified in Varna, Haskovo, Burgas, 
Plovdiv, Targovishte and Veliko Tarnovo. However, it should be considered that in most cases, the industrial 
demand is concentrated in one or very few consumers. Three large industrial players represent, in 
aggregate, about 50 percent of the total industrial heat demand in Bulgaria, namely Solvay Sodi, Neochim, 
and Lukoil Neftochim refinery, located in Devnya (Varna), Dimitrovgrad (Haskovo), and Burgas, respectively. 

The heat demand is quite concentrated, with the 10 largest heat consumers (Table 22) aggregating over 45 
percent of the total heating demand in 2022. Natural gas is the largest used fuel for heat production in 
Bulgaria versus other fossil fuels, like coal or lignite that are due to be phased out. 

Table 22: Bulgaria's largest heat consumers.  

Largest heat consumers  
in Bulgaria 

Average heat demand  
2018-2022  
(MWh/y) 

Sofia municipality 4,860,092 

Solvay Sodi 3,187,078 
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Neochim 2,994,758 

Lukoil 2,346,813 

Plovdiv municipality 1,262,052 

Varna municipality 1,256,109 

KCM 1,070,423 

Burgas municipality 758,169 

Devnya Cement 749,630 

Trakia Glass 632,042 

Source: !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎΦ 

Combining residential and industrial heat demand, the areas of Sofia, Varna, Burgas, Plovdiv, and Haskovo, 
account for about 26 percent of the total residential demand and 28 percent of the total industrial demand, 
representing the five zones with larger heat demand in Bulgaria (Figure 34). It is interesting to note that, 
when adding the industrial demand, Haskovo stands out among the main heat demand areas, in addition 
to Varna, Sofia, Burgas, and Plovdiv, which were already highlighted by their residential demand. In 
principle, these areas present the most interesting regions to leverage large-scale decarbonization 
initiatives in hard-to-abate sectors by displacing polluting heat sources.  

On the heat production side, combined heat and power (CHP) facilities in Bulgaria have historically been 
installed to supply specific industrial processes of certain industrial facilities; however, there are cases 
where the CHP systems are linked to municipalities relying on them to provide heat to residential customers 
through district heating facilities (DH).  

Figure 35: Main five heat demand areas (MWht/y, year 2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 
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Figure 36: Heat production from CHP/DH facilities in the five main areas of heat demand in Bulgaria (MWht/y, 
year 2022).  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Heat production from DH and CHP is very concentrated in Bulgaria, with 15 out of 45 reported plants 
accounting for 99 percent of the total heat production in the country in 2022. The district heating system 
in Sofia40 is the largest heat generation facility of its kind in the country, followed by the Solvay Sodi and 
the Brikel industrial CHP plants, the three together representing 73 percent of the heat generated in 2022 
(see Figure 32). Figure 36 shows CHP/DH facilities in the five main heat demand clusters previously 
identified (Varna, Sofia, Burgas, Plovdiv, and Haskovo). 

 
 
40 Toplofikatcia Sofia is the largest district heating company in Bulgaria with a heat production of 5.261 MWht. The heat distribution 
network has a length of approximately 1.100 km. The city of Sofia is divided in 4 heating regions, each having a dedicated major 
heat source: Sofia, Sofia-Iztok, Lyulin, and Zemlyane. Sofia and Sofia-Iztok regions are supplied by Sofia TPP and Sofia Iztok TPP, 
respectively. The other two regions are supplied by heating plants: Lyulin HP and Zemlyane HP, respectively. There are 7 additional 
peaking heating plants (PHP). Overgaz Mrezhi also supplies heat to Toplofikatcia Sofia. 
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Figure 37: Heat demand and production by region (MWht/y, year 2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Figure 37 highlights the respective distribution of heat demand between residential and industrial use 
compared with the heat production capacities at regional level, providing a quantitative illustration of main 
heating demand and production when the data are segmented through the different actors in the country. 
In Sofia-city, the heat demand is predominantly (over 90 percent) from the residential sector; similarly, in 
Plovdiv, residential constitutes 60 percent of the total demand. By contrast, in the other three main regions 
(Haskovo, Varna, and Burgas), the heat demand is instead dominated by the industrial sectors (more than 
60 percent). 

Another relevant factor to be considered in the analysis of heat demand and supply is temperature. Out of 
the seven geothermal priority areas identified, Pleven and some of the sites in the Struma Valley zone are 
the only ones that can be considered as high temperature areas ςwith 110°C and 98°C respectivelyς
according to the definition in the Bulgarian Renewable Energy Act,41 given the maximum temperature 
reported in the information reviewed. The other five areas (Varna, Vratsa, Sofia, Velingrad and Erma Reka) 

 
 
41 "Low temperature geothermal energy" = with temperature less than 30°C; "Medium temperature geothermal energy" = with 
temperature between 30°C and 90°C; άHigh temperature geothermal energy" = with temperature above 90°C. 
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would fall in the medium temperature range.  
 
On the heat demand side, Figure 38 attempts to depict the heat demand classified by temperature range. 
Specific industrial processes concentrate the high temperature requirements, while medium temperature 
mostly addresses heat demand for residential and district heating, farming, greenhouses, and some 
industrial transformation applications. From a technological perspective, geothermal resources may 
contribute to reducing dependence on fossil fuels, GHG emissions and operating costs.  

Figure 38: Heat demand by temperature range (2022).  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 
While Figure 37 may provide a high-level view of potential compatibility of heat demand and geothermal 
resources considering temperature constrains, iǘ ƛǎ Řƻǿƴ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜŎƻƴƻƳƛŎǎ ŀƴŘ ǇƻǘŜƴǘƛŀƭ support 
mechanisms and incentives in place, that will determine the feasibility of the different opportunities. 
Accuracy limitations in the available information analyzed on the characterization of resource 
temperatures, limits the capacity to carry out a reasonable temperature-profile segmentation for both the 
demand side and the geothermal resources characteristics, and therefore additional site-specific 
assessments may be needed to decide on the most adequate technology to benefit from geothermal 
resources.  

5.5.2. Focus analysis of key geothermal-compatible heat demand and production areas 

Three regions have been identified to present interesting factors for the potential use of geothermal 
energy, namely (i) significant residential demand, (ii) heat production infrastructure (e.g. a district heating 
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facility and various industrial facilities) and (iii) coal-fired heat-producing facility that is transitioning to 
carbon-neutral fuel or being phased out in the medium term. These three regions are the regions of Sofia, 
Varna, and Ruse, including the municipalities and their suburbs as defined earlier in the present document.  

5.5.2.1. Ruse Region 

Among the three areas presented here, Ruse is the smallest in terms of overall demand. Nevertheless, it 
presents a variety of heat demand from residential and industrial plants of various sizes (Figure 39). Of 
ƛƴǘŜǊŜǎǘ ƛǎ ǘƘŜ ǇƭŀƴǘǎΩ ƎŜƻƎǊŀǇƘƛŎ ŎƻƴŎŜƴǘǊŀǘƛƻƴΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ŀƴŘ ŀǊƻǳƴŘ ǘƘŜ Ŏƛǘȅ ƻŦ Ruse, as can be 
appreciated in Figure 39. The overall heat demand amounts to 770,467 MWht on a yearly basis (with 
2022 as reference) (Table 23). On the production side, Ruse region showcases a total heat production of 
598,415 MWht, primarily facilitated by the Ruse DH system. 
 
From a fuel perspective, the Ruse DH plant is fired mainly by coal, which at the national level represents 
3.45 percent in 2022. The company has used biomass for up to 40 percent of its total fuel consumption, 
amounting to 1.15GWh in the same year.   

Table 23: Heat demand in Ruse region.  

Demand / 
Production 

Industry NACE 2.1 or 
Municipality 

Product Category Company or 
municipality 

Heat energy 
2022 (MWht) 

Demand type 

Demand  Residential Heat Ruse 516,284 Municipality 

Demand Non-metallic mineral 
products 

Ceramics Keros 62,418 Industry 

Demand Other chemical products Biofuel Astra Bioplant 45,492 Industry 

Demand Heat Demand Heat Vetovo 36,185 Municipality 

Demand Non-ferrous Non-ferrous Linamar 34,518 Industry 

Demand Heat Demand Heat Slivo pole 30,767 Municipality 

Demand Heat Demand Heat Ivanovo 27,059 Municipality 

Demand Non-metallic mineral 
products 

Ceramics Trud AD 7,223 Industry 

Demand Refined petroleum products Oil Products Lubrika 4,311 Industry 

Demand Food & Beverage Food & Beverage Gradus 98 2,392 Industry 

Demand Food & Beverage Food & Beverage Nepal-10 915 Industry 

Demand Food & Beverage Food & Beverage El Dzhi 15 604 Industry 

Demand Food & Beverage Food & Beverage Ko&Bo 603 Industry 

Demand Food & Beverage Food & Beverage Yazoshefi 532 Industry 

Demand Food & Beverage Food & Beverage Detelina-08 427 Industry 

Demand Food & Beverage Food & Beverage Bioproduct 373 Industry 

Demand Chemical Products Chemicals Ruse Chemicals 364 Industry    
Total Heat Demand 770.467 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎ 

The municipality of Ruse itself has the highest heat demand, accounting for 516,284 MWht, followed by 
Vetovo, Slivo Pole, and Ivanovo. Industries such as ceramics production, represented by Keros and Trud AD, 
as well as chemical products manufacturing (Ruse Chemicals), contribute significantly to the overall heat 
demand. Other notable contributors include Linamar in the non-ferrous metals sector and Lubrika in the 
refined petroleum products category. Additionally, the food and beverage industry has made substantial 
contributions, with a combined heat demand of 4.6 GWht. 
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Figure 39: Ruse region ς Location of heat demand and production.  

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎΦ  

 
From a fuel use perspective, the Ruse DH plant is fired mainly by coal, which at the national level represents 
3.45 percent in 2022. The company has used biomass for up to 40 percent of its total fuel consumption, 
amounting to 1.15 GWh in the same year. 

Table 24: Heat Production in Ruse region.  

Demand / 
Production 

Industry NACE 2.1 Product 
Category 

Company or 
municipality 

Heat energy 
2022 (MWht) 

Production 
type 

Production Heat production and distribution Heat Ruse DH 598,415 DH 

Source: !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎΦ 

5.5.2.2. Sofia Region 

In 2022, the Sofia area exhibited a substantial demand for heat energy across various industries and 

municipalities (see location in Figure 40). The demand for heat energy totaled 5.815.074 MWht (see Table 

25). Beyond the residential sector, which is the dominant player with more than 80 percent of the demand, 

we see a significant contribution from industrial sectors such as Iron & Steel, Non-metallic mineral products, 
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Non-ferrous metals, and the Food & Beverage industry. Stomana Industry, a key player in the Iron & Steel 

sector, accounted for a notable portion of the demand with 350.876 MWht. Other industrial entities like 

BA Glass, Sofia Med, and Kolhida Metals also contribute significantly to the overall heat demand.  

Table 25: Heat demand in Sofia Region.  

Demand / 
Production 

Industry NACE 2.1 Product Category Company or 
municipality 

Heat energy 
2022 

(MWht) 

Demand type 

Demand Heat Demand Heat Sofia 4.747.788 Municipality 

Demand Iron & Steel Iron & Steel Stomana 
Industry 

350.876 Industry 

Demand Heat Demand Heat Pernik 306.783 Municipality 

Demand Non-metallic 
mineral products 

Glass BA glass 218.837 Industry 

Demand Non-ferrous Non-ferrous Sofia Med 80.637 Industry 

Demand Heat Demand Heat Kostinbrod 65.109 Municipality 

Demand Heat Demand Heat Bozhurishte 34.624 Municipality 

Demand Non-ferrous Non-ferrous Stam Trading 8.602 Industry 

Demand Iron & Steel Iron & Steel Kolhida metals 1.798 Industry 

Demand Food & Beverage Food & Beverage Djiev 20 Industry 

   Total Demand 5.815.074  

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎΦ 

Municipality-wise, Sofia and Pernik exhibited the highest heat demand, followed by Kostinbrod and 
Bozhurishte. On the production side, the Sofia region exhibited a considerable capacity for heat production 
and distribution, primarily through District Heating Companies in Sofia and Pernik, which collectively 
produced 5.261.117 MWht of heat energy. Overgas Mrezhi and Overdrive also contributed to heat 
production in the region through their distribution networks and CHP plants (see Table 25). 

Table 26: Heat production Sofia Region.  

Demand / 
Production 

Industry NACE 2.1 Product 
Category 

Company or 
municipality 

Heat energy 
2022 

(MWht) 

Production 
type 

Production Heat production and distribution Heat Sofia DHC 5.261.117 DH 

Production Heat production and distribution Heat Pernik DHC 654.558 DH 

Production Heat production and distribution Heat Overgas Mrezhi 1.787 DH 

Production Production and distribution of 
electricity & heat 

Heat Overdrive 398 CHP 

   
Total Production 5.917.860 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎΦ 

From a fuel utilization perspective, Pernik distinguishes itself with the recourse to coal for 67 percent of its 
operation in 2022 and 27 percent with biomass fuel, the rest being supplied with natural gas (4.4 percent). 
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Figure 40: Sofia Region ς Location of heat demand and production.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎΦ 

5.5.2.3. Varna Region 

In 2022, the Varna region demonstrated a demand for heat energy across various industries and 
municipalities, totaling 6,005,241 MWht (Table 27). Large industrial players, such as Solvay Sodi in the 
Chemical Products sector, with a substantial heat energy demand of 3.575.584 MWht, and Devnya Cement 
in the Non-metallic mineral products sector, with 678.472 MWht lead the demand for heat in this region 
(see location in Figure 41). Municipality-wise, the city of Varna exhibited the highest heat demand, with 
1.186.267 MWht, followed by Aksakovo, Balchik, and Kavarna. Other municipalities like Beloslav, Avren, 
Devnya, and Suvorovo also contributed to the overall heat demand in the region. Additionally, the Iron & 
Steel sector, represented by Metal, accounted for a minor portion of the demand with 530 MWht. 
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Table 27: Heat demand in Varna region. 

Demand / 
Production 

Industry NACE 2.1 Product 
Category 

Company or 
municipality 

Heat 
energy 

2022 

Demand 
type 

Demand Chemical Products Chemicals Solvay Sodi 3,575,584 Industry 

Demand Heat Demand Heat Varna 1,186,267 Municipality 

Demand Non-metallic mineral 
products 

Cement Devnya 
Cement 

678,472 Industry 

Demand Chemical Products Chemicals Agropolychim 269,472 Industry 

Demand Heat Demand Heat Aksakovo 71,480 Municipality 

Demand Heat Demand Heat Balchik 58,998 Municipality 

Demand Heat Demand Heat Kavarna 48,233 Municipality 

Demand Heat Demand Heat Beloslav 35,644 Municipality 

Demand Heat Demand Heat Avren 30,485 Municipality 

Demand Heat Demand Heat Devnya 26,514 Municipality 

Demand Heat Demand Heat Suvorovo 23,562 Municipality 

Demand Iron & Steel Iron & Steel Metal 530 Industry 

   Total 6,005,241  

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

On the production side, the region showcased a total heat production capacity of 3,398,228 MWht, 
primarily driven by Solvay Sodi's combined heat and power (CHP) plant, which produced 3,310,130 MWht. 
Veolia Energy Varna also contributed to heat production and distribution with 88,098 MWht through its 
district heating network (Table 28). 

As explained in a previous section, the Solvay Sodi CHP facility relies on coal for its operation and has an 
ongoing project to substitute coal using refuse-derived fuels (RDF) up to 30 percent of the total fuel 
requirements.  

Table 28: Head production in Varna Region. 

Demand / 
Production 

Industry NACE 2.1 Product 
Category 

Company or 
municipality 

Heat energy 
2022 

(MWht) 

Production 
type 

Production Production and 
distribution of 

electricity & heat 

Heat Solvay Sodi 3,310,130 CHP 

Production Heat production and 
distribution 

Heat Veolia 
Energy 
Varna 

88,098 DH 

   
Total 3,398,228 

 

SourceΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ  
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Figure 41: Varna Region - Location of heat demand and production.  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊΩǎ ŀƴŀƭȅǎƛǎΦ 

5.6. Focus analysis of opportunities in identified geothermal priority areas 

This section aims at analyzing each of the seven identified geothermal priority areas and their respective 
geothermal use potential in terms of heat demand and supply for industries or municipalities located in 
their vicinity. The demand will be segmented by the main type of end users, namely municipalities and 
industries. The presence of CHP facilities will also be highlighted, as geothermal energy can support their 
operation in diverse ways, thereby reducing their need for fossil fuels to generate heat, provided this would 
be economically viable. 
 
The analysis builds up on the demand and supply segmentation from the preceding section to link existing 
demand with potential supply of geothermal energy in the selected areas, comparing the respective order 
of magnitude, and identifying potential synergies to justify an investment aimed at confirming and 
quantifying the availability of the geothermal resource. Out of the seven priority areas, two areas (Sofia 
and Varna) have been demonstrated to show interesting demand profiles so far in the previous section. 
Ruse, as it is not immediately situated in one of the seven identified geothermal areas, will not be reviewed 
under this section but it is worth noting that it is located close to the Pleven area. 
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5.6.1. Pleven  

Located in northern Bulgaria, not far from the Romanian border, the Pleven geothermal area has an area 
of approximately 13,700 km2 (Figure 42), with protected zones amounting to about 8.5 percent of the 
surface (Figure 67). The area of major interest encompasses the western parts of the Pleven and Veliko 
Tarnovo regions. 

Figure 42: Pleven geothermal area: Heat demand and production (MWht /y, year 2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

The temperature range of the available geothermal resource in the Malm-Valanginian aquifer varies 
between 30°C and 110°C (mid-high temperature range), depending on local geological conditions and 
depth of the aquifer. The geothermal resource capacity is estimated to be about 622 MWt or 2180 GWht, 
assuming a 41 percent capacity factor42  

Table 4). Figure 43 shows the distribution of the extractable geothermal energy per square meter of surface 
(GJ/m2) throughout the area, indicating a progressive increase in this parameter from the northeast to the 
southwest. The Malm-Valanginian geothermal aquifer is deeper and hotter in the southwestern part of the 
area and well documented by multiple drilled wells. The combination of higher resource temperature 
(around 70°C-90°C) and abundant information from existing wells may facilitate the design of geothermal 
exploration and utilization projects, making the southwestern part of the Pleven area an interesting and 
less risky zone for geothermal development. On the other hand, the geothermal aquifer in this area is 
deeper than in other parts of the Pleven area (1600-2400 m). 

 
 
42 The ratio of the heat energy produced over a period of time. 
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Figure 43: Map of the Pleven geothermal area with contouring of the extractable thermal energy and the 
location of drilled wells. 

 
Source: European Commission, 2002; the National Geological Fund Digital Database 

The heat demand in the Pleven geothermal area is estimated at 2,600 GWh annually, predominantly from 
residential needs. Municipal demands total 1,600 GWh annually, representing 60 percent of the area's total 
heat requirement. The area hosts a few industrial operations, notably chicken farms and factories for glass 
and paper production. The paper mill is one of the most significant industrial consumers, requiring 495 
GWh of heat annually (Svilosa), while the glass factory demands approximately 191 GWh. The glass factory's 
temperature requirement is around 1,500°C and is thus excluded from the geothermal heat demand 
assessment. Conversely, chicken farms and paper manufacturing, which require heat at 20-24°C and 60-
150°C respectively, present viable opportunities for geothermal energy utilization to help decarbonize 
these processes either fully or partially. 
 
District heating networks in the region also provide opportunities for geothermal energy utilization, 
through both substitution of fossil fuels in existing systems and deployment of new heating networks. For 
residential buildings with efficient heating systems and adequate insulation, network inlet temperatures of 
50-60°C are sufficient. 
 
The area has three CHP/DH facilities providing about 646 GWht to residential customers. For these plants, 
future studies could assess whether geothermal energy, combined with the CHP plant, could decarbonize 
the DH systems and industries. This could then support phasing out the CHP if planned and progressively 
increasing the share of geothermal. Often a combination of geothermal heat exchangers, heat pumps, and 
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peak load facilities is the optimal solution commercially for DH systems using geothermal as the base load. 
 
The geothermal potential in the Pleven area surpasses the actual demand for heat. However, it is also 
spread throughout a large area with few clear demand clusters emerging. Figure 42 shows that the city of 
Pleven has the highest demand (411 GWht) in this area and therefore presents the highest potential for 
commercial utilization of the geothermal resource. Iskar, although small (with less than 6MWt of heat 
demand), is located in an area west of Pleven with multiple wells and the highest measured resource 
temperatures; therefore, it could be a good candidate for a demonstration plant. It is worth observing that 
in this same area (west of Pleven), geothermal heating was previously used at Dolni Dabnik and Dolni 
Lukovit in two small plants that operated from 1987 to 1989, to heat administrative building. The plants 
were fed by water extracted from wells in the Malm-Valanginian aquifer, at a depth of 1700-2800 m and a 
temperature of about 70°C (Trayanova et al., 2020).  
 
The lack of scale at a specific location is, however, a risk that could hinder the development of the resource 
from an economic perspective.  

5.6.2. Sofia  

Located in the central part of western Bulgaria, within an intermountain valley, the Sofia geothermal area 
covers the city of Sofia and its surroundings. The identified geothermal resource area has an approximate 
extension of 1,800 km2 with a currently discovered/available resource of 48 MWt from existing wells and 
hot springs, and a total potential that could prove significantly higher upon drilling of new and deeper wells. 
This is largely an urban area which is subject to only 1.2 percent of protected zones (Figure 44 and Figure 
67). Because the temperature of the geothermal aquifers in the subsoil of the Sofia area is reported to vary 
in the 30°Cς80°C range at depths of less than 1000 m, the thermal waters can be used only for medium-
temperature direct uses. The higher-temperature zones are located beneath the Sofia center, where 
temperatures up to 50°C occur at 500 m depth, and in the southeastern outskirts of Sofia, near the towns 
of Kazichene and Ravno Pole, where temperatures of 70°C occur at 500 m depth. A geothermal resource 
with a temperature of 70°C or higher is required for DH use, so wells deeper than 500 m (e.g. 1000 m) 
would likely be needed to supply geothermal DH systems in this area. 
 
The two primary areas for heat demand are DH systems in the city of Sofia (1,498 MWt or 5,378 GWht) and 
the nearby municipalities where industries are located (with about 374 GWht of demand): Aurubis Bulgaria, 
Almagest, and Ognyanovo. Together, the city and municipalities represent about 14 percent of the total 
heat demand of the country ς although only 1.7 percent is dedicated to the industrial sector in this area, 
where one of the major industries is the BA glass factory located near Sofia. 
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Figure 44: Sofia geothermal area: Heat demand and production (MWht /y, year 2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 
With such a concentration of residential and industrial heat demand, and the presence of large DH facilities, 
ǘƘŜ ŜȄǇƭƻƛǘŀǘƛƻƴ ƻŦ ǘƘŜ {ƻŦƛŀ ōŀǎƛƴΩǎ ƎŜƻǘƘŜǊƳŀƭ ǇƻǘŜƴǘƛŀƭ ŎƻǳƭŘ ōŜƴŜŦƛǘ ǘƘŜ ǎŜŎǘƻǊ ŀƴŘ ǎǳǇǇƻǊǘ ǘƘŜ DID 
emissions reduction objectives. The resource accessibility due to its relatively low depth (<1,000 m) 
constitutes an advantage for its development, although the modest available energy capacity (i.e., 48 MWt, 
or 8 percent of Sofia city demand) and temperature range would constrain its usage to direct use for 
residential or commercial building heating. However, further investigation of the resource and drilling of 
deeper wells is required to finalize the evaluation of the resource potential, which may prove to be 
significantly higher than amount currently calculated from existing wells and hot springs. 
 
Some specific heat demand, like the airport of Sofia (not separately quantified in this study), could be 
further assessed in terms of a potential target for an initial pilot/demonstration project. The Sofia airport 
is close to the hottest spot identified in the Sofia geothermal area (KazicheneςRavno Pole, located 
approximately 5 km ESE of the airport). 

5.6.3. Varna 

The Varna area is on the country's eastern side, where it constitutes a strip along the Black Sea coast. The 
identified geothermal resource area has an extension of approximately 2,300 km2, 45 percent of which 
corresponds to environmentally protected areas (Figure 45 and Figure 66). This situation may imply 
subsequent issues or restrictions at the time of developing geothermal projects.  
 
The geothermal resource is contained in the Malm-Valanginian aquifer, which in this region is characterized 
by temperatures not exceeding 70°C at 1200-1400 m depth. This situation occurs in correspondence of the 
city of Varna and its surroundings. The geothermal resource capacity is estimated to be 217 MWt (see Table 
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4). Figure 46 shows the distribution of the extractable geothermal energy per unit surface throughout this 
area, indicating a quite uniform distribution at relatively low levels of this parameter throughout the area 
ς except for of its southeastern part (Varna city area and surroundings), where the extractable thermal 
energy is estimated to be higher (in the 5-10 GJ/m2 range). From a geothermal resource perspective, this 
situation makes the city of Varna and surrounding zones the most interesting in the whole Varna 
geothermal area. 
 
Varna is an important industrial zone symbolized by the presence of three CHP plants, including the most 
important one in the country, with a generation of more than 3 million MWht per year (the Solvay Sodi 
plant, located in the city of Devnya). The municipality of Varna relies for its DH on a CHP plant operated by 
Veolia that supplies about 90 GWht per year.  
 
The geothermal resource area embraces 11 municipalities with a combined residential heat demand of 
1,600 GWht. The demand for the Solvay Sodi plant, partially satisfied by its dedicated CHP facility, amounts 
to 4.5 million MWht per year.  

Figure 45: Varna geothermal area: Heat demand (MWht/y, year 2022). 

 
Source: AǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 
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Figure 46: Map of the Varna geothermal area with contouring of the extractable thermal energy and the 
location of drilled wells. 

 

Source: European Commission, 2002 and the National Geological Fund digital database. 

 
This area combines key factors that make it a site of interest. The proximity and scale of the demand, and 
the presence of industries with a large fossil-fuel footprint, are potential enablers for development of low-
carbon technologies that can decrease GHG emissions. With a total demand of more than 6,000 GWht, the 
estimated available geothermal resource capacity could satisfy up to 30 percent of the overall heat 
demand.   
 
However, most of the industries in the Varna area are in the chemical production sector and are located 
outside the known extension of the Malm-Valanginian geothermal aquifer. The modest temperature of the 
available geothermal resources (max. 70°C) also limits its potential use since the existing industrial demand 
is mostly based on much higher-temperature requirements. Geothermal may therefore be unable to 
provide decarbonization solutions for such industries that generally rely on higher process temperatures; 
though the valorization of the existing resource could stimulate the development of other industries that 
can benefit from the existing resource temperature (i.e. greenhouses, and other food and beverages 
industries that rely on medium-temperature resources).  
 
That said, the estimated depth of the geothermal resource, at 1200-1400 m in the hottest parts of the 
geothermal aquifer, makes it relatively accessible (and potential geothermal developments economically 
viable). As a result, the resource could be used for DH as well as greenhouses, farms (e.g. chicken, pig, food 
drying), aquaculture, and balneology. To start utilizing the geothermal resource, it is recommended to 
identify new industries relying on medium-temperature heat (e.g., agriculture, aquaculture, balneology) or 
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a new urban development where accommodations can be designed from the onset to utilize the existing 
geothermal resource, e.g., by installing floor heating and ensuring energy efficiency. In this manner, 
geothermal heating can be allowed to grow in phases and potentially planned with cascading uses of the 
geothermal resource (floor heating, then development of lower temperature uses, i..e aquaculture or other 
applications). Another option to consider would be the integration of geothermal energy into the existing 
Veolia DH system, to support potential expansions, or for pre-heating purposes in the existing heat 
generation facilities.  

5.6.4. Struma Valley 

This geothermal area is located in southwestern Bulgaria, covering an elongated NNW-SSE strip along the 
Struma River valley and surrounding areas to the northeast and northwestThis area has an approximate 
surface of 1,920 km2 and includes several geothermal sites (Kyustendil, Sapareva Banya, Levunovo, 
Sandansky, Rupite, among others) that likely correspond to independent geothermal systems, with an 
overall currently discovered/available resource of 78 MWt from existing wells and hot springs. The total 
potential could be significantly higher if deeper/extended parts of the geothermal reservoirs can be tapped.  
 
The measured temperature of the geothermal resources is mostly below 90°C, though the hottest well (in 
Sapareva Banya) has a production temperature of 98°C. Higher temperatures may be potentially available 
in portions of these geothermal systems deeper than currently drilled (existing wells are 150-700 m deep, 
depending on the sites), but this cannot be confirmed with the available information. Therefore, based on 
the current knowledge, thermal waters in this area can only be considered suitable for medium-
temperature, direct-use applications. The presence of environmentally protected zones is limited to 15.5 
percent of this area. 
  
The two most relevant municipalities in this area, Kyustendil and Blagoevgrad, have an aggregated demand 
of 1,600 GWht (Figure 47). Two industrial plants were also identified (brewery and ceramics), with a 
combined demand of heat of less than 11 GWht, or 0.7 percent of the demand in the area. The area also 
hosts two CHP facilities supplying heat to greenhouses.  
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Figure 47: Struma Valley geothermal area: Heat demand and production (MWht/y, year 2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 
This area is already popular for a number of spa resorts (including Kyustendil, Sandanski, and Sapareva 
Banya) that use natural thermal waters from springs and drilled wells for bathing, medical treatments, and 
rehabilitation. The geothermal resource is mostly located along the Struma River valley, under several 
municipalities. The industrial sector does not seem to be a driver of heat demand in this area, even if the 
greenhouse business is relevant in the area and constitutes an effective case for geothermal resources 
application, to be explored and potentially expanded. This area has previously had some experience with 
geothermal applications beyond bathing, with small systems providing space heating to hotels, hospitals, 
public buildings, and small greenhouses in many of the geothermal sites of the Struma Valley, with varying 
degrees of success and some operating difficulties. 

5.6.5. Velingrad 

Located in the southwest part of Bulgaria, in the Chepinska River valley, this area encompasses the towns 
of Velingrad and Rakitovo and has an approximate surface area of 70 km2). The measured temperature of 
the geothermal resource ranges between 32°C and 97°C, though higher temperatures could be present in 
deeper portions of the geothermal system (below 800 m) that have not yet been drilled (Figure 48). The 
currently discovered/available resource is 28 MWt from existing wells and hot springs. The total potential 
could be significantly higher tapping from deeper/extended parts of the geothermal reservoir. Based on 
the available information, the thermal waters in this area are mainly appropriate to supply medium-
temperature, direct-use applications. No environmental protection zones are present in this area (Figure 
67). 
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The main heat demand in this area comes from the towns of Velingrad and Rakitovo, with an aggregated 
value of about 170 GWht or 49 MWt (assuming a 41 percent capacity factor) in 2022. The opportunities for 
use of the geothermal resource are mostly related to tapping waters at temperatures exceeding 60 to 70 
degrees to utilize for space/district heating and heating of greenhouses.  

Figure 48: Velingrad geothermal area: Heat demand (2022).  

 
Source: AǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

According to the heat demand survey, the Velingrad area does not present significant opportunities beyond 
small-scale residential heat production. However, the town of Velingrad is one of the biggest spa resorts in 
Bulgaria that uses natural thermal waters (from springs and drilled wells) for bathing, medical treatments, 
and rehabilitation as well as to heat some hotels and schools. No major industrial plants or CHP facilities 
have been identified in this area apart from a few small greenhouses, one of them fed by geothermal heat 
(at Draginovo).  
 
The focus for geothermal development in this area should be on identifying the heating demand of existing 
spa resorts for space heating, to expand geothermal applications not only for spas but also for heating 
hotels and residential buildings. This will create an opportunity to investigate with deeper wells if higher 
temperatures exist in the geothermal system.  
 
This area also has the advantage of already having some experience with geothermal-heated greenhouses; 
therefore, the expansion of this application ς promoting modern and energy-efficient technology ς could 
constitute an additional option for developing the available geothermal resource and showcasing this 
experience to others in the region.  
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5.6.6. Vratsa 

Located in northwest Bulgaria, to the east of Pleven and north of Sofia, this geothermal resource area 
includes the cities of Vratsa and Mezdra and covers a surface of approximately 855 km2 (Figure 49). A 
minimal part of this area (3.9 percent) is subject to environmental protection (Figure 67). The geothermal 
aquifer is in a depth range of 1,100-2,100 m, with temperatures in the range of 50-90°C. 
 
The identified heat demand in this area consists of the two main municipalities (Vratsa and Mezdra), two 
industrial plants, and two facilities supplying heat and power to, respectively, a greenhouse (Mezdra) and 
a DH system (Vratsa). Because of the available resource temperature, the thermal waters can be used only 
for medium-temperature direct use. 

Figure 49: Vratsa geothermal area: Heat demand (2022). 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

With a geothermal resource capacity estimate of 62 MWt or 223,679 MWht (assuming a 41 percent capacity 
factor) on an annual basis, the order of magnitude covers a significant part of the current heat demand in 
this area (municipalities and industry). This area is characterized by one major industrial player (the cement 
factory Holcim Bulgaria the primary heat consumer in the region.) with a significant and constant heat 
demand for its industrial process with an annual consumption of 452GWhtHowever, the high temperature 
required for cement production and the associated availability of residual heat from the process does not 
make the application of geothermal energy a viable option. The residential heat demand in the 
municipalities of Vratsa and Mezdra accounts for 287 GWht per year, or 80 MWt, providing opportunities 
to utilize the geothermal resource for DH. The temperature range of the geothermal resource also provides 
options for greenhouse heating. Therefore, the, should be the object for further investigations to explore 
the potential application of geothermal solutions in the Vratsa area. 

5.6.7. Erma Reka 

Located in the southernmost part of central Bulgaria, at the Greek border, the Erma Reka geothermal area 
measures 295 km2 (Figure 50). The main town is Zlatograd, and no environmental protection zones are 
present (Figure 67). The measured temperature of the geothermal resource is in the range of 70°Cς90°C, 
though higher temperatures could be available in portions of the geothermal system that are as-yet 
undrilled, or for which data are not yet publicly available (see  
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Table 4). The currently discovered/available resource is 15 MWt from existing wells and hot springs. The 
total potential could be significantly higher tapping from deeper/extended parts of the geothermal 
reservoir. Based on the currently available information, this geothermal resource may be suitable for 
supplying medium-temperature direct uses. 

Figure 50: Erma Reka heat demand (2022).  

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Apart from a few municipalities, the area does not have major industries or major urban areas. With a total 
heat demand of 121 GWht for the municipalities (Madan, Nedelino, Rudozem and Zlatograd), the overall 
demand potential is low and dispersed in the area, with no apparent synergies among demand centers. 

A lead-ȊƛƴŎ ƻǊŜ ƳƛƴŜ ƻǇŜǊŀǘŜǎ ƛƴ ǘƘƛǎ ŀǊŜŀΣ ōǳǘ ƴƻ ǇǳōƭƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ƳƛƴŜΩǎ ƘŜŀǘ ŘŜƳŀƴŘ Ƙŀǎ ōŜŜƴ 
found. Apparently, the city of Zlatograd has a geothermal DH project planned which was put on hold due 
to lack of financing. The project was included as one of the key priorities in the Integrated Development 
Plan of the Municipality of Zlatograd 2021-нлнт Σ ǿƛǘƘ ŀƴ ƛƴŘƛŎŀǘƛǾŜ ōǳŘƎŜǘ ƻŦ ϵф Ƴƛƭƭƛƻƴ ǘƻ ōŜ ǇƻǘŜƴǘƛŀƭƭȅ 
covered by targeted government funding or by funds from the EU Recovery and Resilience Facility. More 
information on this project is needed as it could represent an interesting option for developing geothermal 
in this area and could provide relevant data for potential replication in other areas, depending on the 
results. 

The scarcity and dispersed demand in the region, the absence of an industrial sector, and the limited 
energy-output estimate do not suggest this area as a priority for significant geothermal development 
compared to other areas identified in the present report.   
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6. Economic and Financial Analysis of Geothermal Energy for 
Direct Use Projects 

The development perspective of geothermal direct-use projects in the selected geothermal areas has been 

evaluated by estimating the levelized cost of heat (LCOH) for the geothermal solution and comparing it with 

the LCOH of alternative sources of energy (natural gas, coal, electricity, biomass, etc.). The comparison with 

existing/alternative solutions is provided as a means for assessing the opportunities for geothermal heating 

systems to be developed in Bulgaria.  

The approach to LCOH calculation used in this report is based on general information on the geothermal 

resource and a large number of assumptions on potential project developments. If this proves to be 

competitive, further investigation will be justified to analyze specific projects to refine the LCOH calculation, 

considering detailed information regarding local geothermal resource conditions and project specifics. 

6.1. Methodology 

6.1.1. General Assumptions 

The LCOH for the geothermal solution has been calculated considering a primary geothermal closed loop 

transferring heat to a secondary (utilization) loop through heat exchangers. The calculation includes all 

upstream development and infrastructure costs, including the primary loop and the heat exchangers; 

therefore, the LCOH corresponds to the cost of heat at the point of delivery to the utilization loop. No 

further downstream components are considered (Figure 51). The same concept applies to the alternative 

heat generation technologies considered for comparison with geothermal.  

Figure 51: Schematic illustration of a geothermal indirect heating system indicating the battery limit of the LCOE 
calculation conducted for this study. 

 

Source: Modified from Ragnarsson (2016)  

A tool has been prepared to calculate the LCOH based on input parameters and constraints set by the user. 

The tool also provides sensitivity analyses for specific input data, to assess the risk associated with their 

potential variability. The tool is designed to provide a preliminary assessment of the LCOH of geothermal 

energy relative to other energy sources. The results generated by this model are intended for informational 
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purposes only (AACE class 5)43, and should not be solely relied upon for investment decisions due to the 

following inherent limitations: 

¶ Model parameters: The LCOH model incorporates a set of assumptions concerning capital 
expenditures, operational expenses, fuel costs, and capacity factors. These assumptions may not 
fully account for site-specific variations or potential future market fluctuations.  

¶ Data reliance: The accuracy of the modelΩs output is contingent upon the quality and 
comprehensiveness of the data used. Users are advised to meticulously evaluate the data sources 
and confirm their applicability to the specific project or geographical region under consideration. 

¶ Market dynamics: The LCOH of all energy sources is susceptible to change due to volatility in fuel 
prices, regulatory landscapes, and technological innovations. This model may not fully capture 
these dynamic market influences. 

¶ Geothermal project characteristics: Geothermal energy projects can exhibit significant variations 
depending on the unique characteristics of the geothermal resource. This model may not 
comprehensively account for the specificities of a particular geothermal project. 

Figure 52: Screen capture example from the LCOH model Steering Panel 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 
 
43 https://www.costengineering.eu/Downloads/articles/AACE_CLASSIFICATION_SYSTEM.pdf.  
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Technical assumptions for geothermal projects LCOH for given project examples [EUR/MWh]

Example Project Areas
Resource 

Depth

Resource 

Temperature

Development 

scheme (Well 

architecture)

Selected 

drilling 

depth (MD)

Wellhead 

production 

Temp 

Drilling Pads
Production 

wells 

Reinjection 

wells 

Production 

wells pumps 

power

Primary 

Geotherma

l Loop

(m) (°C) (m) (°C) l/s t/h # # # kWe (m)

Pleven (Malm-Valanginian aquifer) 800-2300 30-110 Single pad doublet 2,500 95 50 180 1 1 1 100 100

Varna (Malm-Valanginian aquifer) 400-1400 30-70 Single pad doublet 1,800 65 50 180 1 1 1 100 100

Vratsa (Malm-Valanginian aquifer) 1100-2100 50-90 Single pad doublet 2,200 80 50 180 1 1 1 100 100

Sofia Basin 300-700 30-80 Multi-pad wells 1,000 75 50 180 2 1 1 100 1,500

Velingrad 300-800 32-97 Multi-pad wells 800 95 50 180 2 1 1 100 1,500

Struma Valley 150-700 30-98 Multi-pad wells 1,000 95 50 180 2 1 1 100 1,500

Erma Reka 500-900 70-90 Multi-pad wells 1,000 90 50 180 2 1 1 100 1,500

General assumptions for geothermal projects

Disposed water temp °C 40 Discount rate % 8.8%

Heat exchanger efficiency % 90.0% CO2 emissions kgCO2e/MWh 0

Operating hours / year hours 3,600 Depreciation period years 25

Cost assumptions for geothermal projects Adjusted LCOH for given project examples [EUR/MWh]

CAPEX assumptions OPEX and financing assumptions

Cost of land EUR 100,000 Well pumping running cost EUR/kWh 0.1357

Exploration (surface studies) EUR 700,000 O&M Fix EUR 25,000

ESIA and permitting EUR 150,000

Site preparation EUR 150,000 Return on capital invested % 10.0%

Well testing (all wells) EUR 100,000

Feasibility study and engineering EUR 150,000 Loan value % 70.0%

Well pump cost (procurement & install) EUR 200,000 Interest rates % 6.5%

(a)x2 (b)x Repayment period years 15

Drilling cost function # 0.2219 1,462

Primary geothermal loop and equipment EUR/m 450 CO2 price scenario # 2

Heat Plant/exchanger EUR/kWth 110

Engineering & Management EUR 8.0%

Insurance EUR 1.0%

Contingency % 15.0%

Assumptions for other technologies LCOH for other technologies [EUR/MWh]

Natural gas Biogas

Heat generation efficiency % 88.0% Heat generation efficiency % 86.0%

Natural gas boiler EUR/kW 40 Biogas boiler EUR/kW 120

Additional equipment EUR/kW 20 Additional equipment EUR/kW 1,300

Natural gas price scenario # 2 Biogas price scenario # 2

Starting natural gas price EUR/MWh 54 Starting biogas price EUR/MWh 71

2025-2030 2031-2040 2041+ 2025-2030 2031-2040 2041+

Price change - decreased scenario %/year -1.0% -2.0% 0.0% Price change - decreased scenario %/year -1.0% -2.0% -1.0%

Price change - base scenario %/year 1.0% 2.0% 1.0% Price change - base scenario %/year 2.0% 1.0% 1.0%

Price change - increased scenario %/year 2.0% 3.0% 3.0% Price change - increased scenario %/year 3.0% 4.0% 3.0%

O&M Fix EUR/year 30,000 O&M Fix EUR/year 85,000

CO2 emissions tCO2e 200 CO2 emissions tCO2e 50

Hydrogen Hard Coal

Heat generation efficiency % 89.0% Heat generation efficiency % 88.0%

Hydrogen boiler EUR/kW 180 Coal boiler EUR/kW 120

Additional equipment EUR/kW 40 Additional equipment EUR/kW 480

Hydrogen price scenario # 2 Hard coal price scenario # 2

Starting hydrogen price EUR/kg 12 Starting hard coal price EUR/MWh 38 Adjusted LCOH for other technologies [EUR/MWh]

2025-2030 2031-2040 2041+ 2025-2030 2031-2040 2041+

Price change - decreased scenario %/year -7.0% -5.0% -3.0% Price change - decreased scenario %/year -1.0% -2.0% -1.0%

Price change - base scenario %/year -5.0% -4.0% -2.0% Price change - base scenario %/year 1.0% 1.0% 0.0%

Price change - increased scenario %/year -3.0% -2.0% 0.0% Price change - increased scenario %/year 2.0% 1.0% 1.0%

O&M Fix EUR/year 60,000 O&M Fix EUR/year 65,000

CO2 emissions tCO2e 0 CO2 emissions tCO2e 540

Electrical heating Biomass

Heat generation efficiency % 99.0% Heat generation efficiency % 85.0%

Heating generator EUR/kW 120 Biomass boiler EUR/kW 140

Additional equipment EUR/kW 20 Additional equipment EUR/kW 80

Electricity price scenario # 3 Biomass price scenario # 2

Starting electricity price EUR/MWh 130 Starting biomass price EUR/MWh 41

2025-2030 2031-2040 2041+ 2025-2030 2031-2040 2041+

Price change - decreased scenario %/year -2.0% -3.0% -4.0% Price change - decreased scenario %/year -1.0% 0.0% 0.0%

Price change - base scenario %/year 2.0% -1.0% -3.0% Price change - base scenario %/year 2.0% 3.0% 1.0%

Price change - increased scenario %/year 0.0% 2.0% -1.0% Price change - increased scenario %/year 3.0% 4.0% 2.0%

O&M Fix EUR/year 32,000 O&M Fix EUR/year 65,000

CO2 emissions intensity tCO2e 390 CO2 emissions tCO2e 230

Decrease of CO2 emissions intensity %/year -5.0%

 Assumed well flowrate  (per 

production well)
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https://www.costengineering.eu/Downloads/articles/AACE_CLASSIFICATION_SYSTEM.pdf
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The geothermal LCOH calculations provided in this report are intended as approximate references 

generated to preliminarily assess possible direct-use applications of geothermal energy in Bulgaria. A 

comprehensive project-specific feasibility study and cost analysis should be prepared prior to taking any 

investment decisions. 

6.1.2. Main LCOH Input Parameters 

The geothermal LCOH assessment has been conducted using the following financial assumptions:  

¶ Depreciation period:   25 years  

¶ Equity/loan ratio:   30/70 percent  

¶ Interest rate:   6.5 percent  

¶ Discount rate:    8.8 percent   

¶ Return on capital invested:  10 percent 

The technical and investment input data are based on preliminary assumptions of geothermal resource 
characteristics, basic engineering parameters, and associated costs (CAPEX and OPEX)44 in accordance with 
AACE Class 5 cost estimation, informed by data obtained from the review of existing geothermal 
information (i.e., reservoir temperature, reservoir depth) or based on typical conditions for similar projects 
in the geothermal industry (e.g., drilling and infrastructure costs, plant factor, return temperature). The 
resource and engineering parameters are highly project-specific and can significantly vary among projects 
even in the same geothermal area, depending on the local conditions of the geothermal reservoir and on 
the heat demand/use profile.  
 
When comparing with other heat generation technologies, the cost of CO2 emissions was also included in 
the άŜŎƻƴƻƳƛŎέ LCOH. For the geothermal projects considered in this assessment, which are based on 
medium-temperature resources, where pressure control in the primary geothermal loop can be exercised 
to prevent gas separation from the geothermal fluid, no CO2 emission is considered. 
 
For the analysis, a modeling tool has been developed to assess different scenarios a sensitivity analysis to 
key factors. Figure 52 presents the steering panel for the LCOH model.  
 

 
 
44 CAPEX = capital expenditure; OPEX = operating expenditure. 
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6.2. Simplified LCOH calculation tables 

Provided the complexity of the financial and economic analysis of geothermal energy using the LCOH tool, 
simplified tables have been developed, fixing specific financial parameters in the calculations, to 
understand the impact of main geothermal variables in the LCOH. A two-step approach has been used in 
order to infer possible ranges of LCOH for geothermal energy based on flow rate, temperature and depth 
ςwhich are the key selected inputs for defining the resource extraction costς. The first step calculates heat 
production based on a range of flow rates and geothermal resource output temperature estimates 
(wellhead temperature). The second step focuses on the sensitivity analysis of heat production and the 
depth of the resource, whose combination issues a range of LCOH estimates. Finally, the determined ranges 
of geothermal LCOH are compared to LCOH of other technologies including hard coal, natural gas, and 
electricity. This analysis relies on financial parameters, developed hereunder, made consistent among the 
different technologies reviewed to ensure a levelized playing field.  
 
A key element in the LCOH calculation is the capacity factor (representing the percentage of time per year 
a facility operates at full capacity), or operating hours on a yearly basis of the heating system. This 
ǇŀǊŀƳŜǘŜǊ Ŏŀƴ ǾŀǊȅ ǎǳōǎǘŀƴǘƛŀƭƭȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǇǊƻƧŜŎǘǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ όŜΦƎ. demand profile), weather 
pattern, and location. For typical DH or greenhouse heating in the climatic conditions of Bulgaria, the 
capacity factor ranges around 40 percent, or 3,600 hours/year. This value may be higher if the geothermal 
user is an industrial facility with intensive and continuous use of heat, where the capacity factor may be 
around 90 percent or about 8,000 hours/year.  
 
Hence, these two main cases (A, with 3,600 operating hours per year; and B with 8,000 hours/year) are 
taken as references for the calculation scenarios presented below.   
 
Geothermal heating projects must be evaluated together with the energy sources they can potentially 
displace in Bulgaria ς namely coal and natural gas, which are the main heating fuels (>90 percent) currently 
used for heating purposes. A comparison with electrical heating has also been included since its share could 
increase with the planned installation of heat pumps. Those technologies have been evaluated considering 
specific heat generator efficiency, equipment, operation and maintenance costs, and expected investment 
lifetime, together with financial parameters, to determine the corresponding LCOH. The comparison is 
made with the financial cost of alternative technologies and the economic cost, which includes CO2 
emissions cost, i.e. ETS purchase on the market.   
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LCOH ALTERNATIVE SOURCES (EUR/MWh) 

Natural Gas 

Base:   86.36  
Adjusted:  110.99 

Electricity 

Base:   157.90  
Adjusted: 181.47 

Hard Coal 

Base:   116.12  
Adjusted:  181.84 

6.2.1. Case A ς District Heating: 3,600 Operating Hours per Year 

Figure 53: Geothermal Heat Production (Heat Exchanger efficiency 90%; Disposed brine temperature 40°C) 

 

Source: AǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 

Figure 54: LCOH for geothermal energy and comparison with LCOH of alternative sources 

 
 

 
 

 

 

Source: AǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

 

Range of LCOH (heat production vs. drilling depth) [EUR/MWh]

MWht kWt # 30% 40% 50% 60% 70% 80% 90% 100% 110% 120% 130% 140% 150% 160% 170%

66,400 18,500 # 28.9 30.8 32.9 35.0 37.2 39.5 41.9 44.3 46.9 49.5 52.1 54.9 57.7 60.6 63.6

48,500 13,500 # 34.1 36.8 39.6 42.5 45.6 48.7 51.9 55.3 58.7 62.3 66.0 69.7 73.6 77.6 81.7

40,700 11,400 # 37.8 41.0 44.4 47.9 51.5 55.2 59.1 63.1 67.2 71.4 75.8 80.3 84.9 89.7 94.5

36,600 10,200 # 40.4 44.0 47.7 51.6 55.6 59.8 64.1 68.5 73.1 77.8 82.6 87.6 92.8 98.1 103.5

33,600 9,400 # 42.7 46.6 50.7 54.9 59.3 63.8 68.5 73.3 78.3 83.4 88.7 94.2 99.8 105.5 111.4

29,800 8,300 # 46.3 50.7 55.3 60.0 64.9 70.0 75.3 80.8 86.4 92.2 98.2 104.3 110.6 117.1 123.7

27,100 7,600 # 49.4 54.3 59.3 64.5 70.0 75.6 81.4 87.4 93.5 99.9 106.5 113.2 120.2 127.3 134.6

23,725 6,600 # 54.4 59.9 65.7 71.6 77.8 84.2 90.9 97.7 104.8 112.0 119.5 127.2 135.2 143.3 151.7

20,300 5,700 # 61.1 67.5 74.3 81.2 88.5 96.0 103.7 111.7 119.9 128.5 137.2 146.2 155.5 165.0 174.8

18,300 5,100 # 66.1 73.3 80.8 88.5 96.5 104.8 113.4 122.3 131.5 140.9 150.6 160.6 170.9 181.4 192.3

15,300 4,300 # 76.2 84.8 93.7 103.0 112.6 122.5 132.8 143.4 154.3 165.6 177.3 189.2 201.5 214.1 227.1

13,600 3,800 # 83.9 93.6 103.6 114.0 124.8 136.0 147.6 159.5 171.8 184.5 197.6 211.0 224.9 239.1 253.7

9,500 2,700 # 113.8 127.6 142.0 156.9 172.4 188.4 204.9 222.0 239.6 257.8 276.5 295.8 315.6 335.9 356.8

8,100 2,300 # 130.9 147.1 164.0 181.5 199.6 218.4 237.8 257.8 278.5 299.8 321.8 344.3 367.6 391.4 415.9

6,800 1,900 # 153.1 172.5 192.5 213.4 235.0 257.3 280.4 304.3 328.9 354.3 380.5 407.4 435.0 463.5 492.6
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LCOH ALTERNATIVE SOURCES (EUR/MWh) 

Natural Gas 

Base:   77.69  
Adjusted:  102.95 

Electricity 

Base:   147.42  
Adjusted: 172.17 

Hard Coal 

Base:   78.55  
Adjusted:  148.41 

6.2.2. Case B ς Industry: 8,000 Operating Hours per Year 

Figure 55: Geothermal Heat Production (Heat Exchanger efficiency 90%; Disposed brine temperature 40°C) 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Figure 56: LCOH for geothermal energy and comparison with LCOH of alternative sources 

 

 
 

 

 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Range of LCOH (heat production vs. drilling depth) [EUR/MWh]

MWht kWt # 30% 40% 50% 60% 70% 80% 90% 100% 110% 120% 130% 140% 150% 160% 170%

147,600 18,500 # 13.4 14.3 15.2 16.2 17.2 18.2 19.3 20.4 21.5 22.7 23.9 25.1 26.4 27.7 29.0

107,700 13,500 # 15.9 17.1 18.4 19.7 21.1 22.5 23.9 25.4 27.0 28.6 30.3 32.0 33.7 35.5 37.3

90,400 11,300 # 17.7 19.1 20.6 22.2 23.8 25.5 27.3 29.1 30.9 32.8 34.8 36.8 38.9 41.0 43.2

81,300 10,200 # 18.9 20.5 22.2 24.0 25.8 27.6 29.6 31.6 33.6 35.7 37.9 40.2 42.5 44.9 47.3

74,600 9,400 # 20.0 21.8 23.6 25.5 27.5 29.5 31.6 33.8 36.1 38.4 40.7 43.2 45.7 48.3 51.0

66,300 8,300 # 21.7 23.7 25.7 27.9 30.1 32.4 34.8 37.2 39.7 42.3 45.0 47.8 50.6 53.5 56.5

60,300 7,600 # 23.2 25.4 27.7 30.0 32.4 35.0 37.6 40.3 43.0 45.9 48.8 51.9 55.0 58.2 61.5

52,723 6,600 # 25.6 28.1 30.7 33.4 36.2 39.0 42.0 45.1 48.3 51.5 54.9 58.4 62.0 65.6 69.4

45,200 5,700 # 28.8 31.7 34.7 37.8 41.1 44.4 47.9 51.5 55.2 59.0 63.0 67.0 71.2 75.4 79.8

40,700 5,100 # 31.2 34.4 37.8 41.3 44.9 48.6 52.5 56.5 60.6 64.8 69.2 73.7 78.3 83.1 87.9

33,900 4,300 # 36.1 40.0 44.0 48.2 52.6 57.0 61.7 66.5 71.4 76.5 81.7 87.1 92.7 98.4 104.2

30,100 3,800 # 39.9 44.2 48.8 53.5 58.4 63.4 68.6 74.0 79.6 85.3 91.2 97.3 103.6 110.0 116.6

21,100 2,700 # 54.1 60.3 66.8 73.5 80.4 87.6 95.1 102.8 110.7 118.9 127.3 136.0 144.9 154.1 163.5

18,100 2,300 # 61.9 69.2 76.7 84.6 92.7 101.1 109.7 118.7 128.0 137.5 147.3 157.4 167.8 178.5 189.5

15,100 1,900 # 72.9 81.6 90.7 100.0 109.8 119.8 130.2 141.0 152.1 163.5 175.3 187.4 199.9 212.7 225.8

[m] 450 600 750 900 1,050 1,200 1,350 1,500 1,650 1,800 1,950 2,100 2,250 2,400 2,550
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6.3. Application of LCOH estimation tool to priority geothermal areas 

Different project cases, inspired by the geothermal resource conditions in the selected priority geothermal 
areas identified in this report (see Section IV), were used to calculate LCOH outcomes for potential 
geothermal direct use initiatives in Bulgaria (Table 29). 
 

Table 29: Geothermal project cases used for LCOH calculation. 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

The resource temperature and depth data are based on measured conditions in each geothermal area, and 
the projects are planned to tap the hottest reservoir parts confirmed by existing wells, which generally 
correspond to the deeper parts of the drilled geothermal reservoirs. Given the lack of specific information 
on well productivity and hydraulic conditions, the well flow rate is assumed 50 l/s in all cases45, and the 
required well pumping power is assumed at 100 kWe. The well production flow rate, together with 
temperature significantly constrains the heat production, as illustrated in Figure 53 and Figure 55.  
 
Each project case includes one production and one injection well considering two possible development 
schemes: a) a single well-pad doublet, when the reservoir depth (i.e., greater than 1500 m) allows for 
drilling (from the same pad) directional wells terminating at a reasonable distance to avoid early 
breakthrough of reinjected fluid; and b) two wells drilled in separate pads when the reservoir target is 
located at relatively shallow depth (i.e., less than 1500 m). 
 
The cost of drilling wells is influenced by many factors, such as geologic conditions, well type, and depth. 
Assuming standard diameter wells for commercial production or reinjection, the drilling cost was estimated 
as a function of well depth, informed by international experience reported in literature sources, as shown 
in Figure 57.  

 
 
45 Although typical production rates in commercial low-temperature geothermal wells are in the 20-150 l/s range (ESMAP, 2022), 
typical well flowrates are around 30-50 l/s.. 
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Figure 57: Drilling cost vs. depth function used in the LCOE model.  

 
Source: Authors, based on data from van Dongen (2019) 

A project case illustrating a DH doublet in the Sofia Basin area is shown in Figure 58 and Figure 59. Based 
on the characteristics of this geothermal areas and project assumptions, the blue rectangles in the following 
figures identify the estimated heat production range (Figure 58), and the corresponding LCOH (Figure 59).   

Figure 58: Heat Production example - DH in Sofia basin- operating at 3600 hours per year 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Figure 59: LCOH example - DH in Sofia - operating at 3600 hours per year. 
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LCOH ALTERNATIVE SOURCES (EUR/MWh) 

Natural Gas 

Base:   86.36  
Adjusted:  110.99 

Electricity 

Base:   157.90  
Adjusted: 181.47 

Hard Coal 

Base:   116.12  
Adjusted:  181.84 

 
 

 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

The following figures illustrate another project example with an industrial intensive heat demand 
application in the Varna area, showing the estimated heat production range and the corresponding LCOH 
variations, respectively. 

Figure 60: Heat Production example - Varna- Industrial application operating at 8000 hours per year 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀƴŀƭȅǎƛǎ 

Figure 61: LCOH example - Varna ς industrial application operating at 8,000 hours per year 

 

 

Range of LCOH (heat production vs. drilling depth) [EUR/MWh]

MWht kWt # 30% 40% 50% 60% 70% 80% 90% 100% 110% 120% 130% 140% 150% 160% 170%

66,400 18,500 # 28.9 30.8 32.9 35.0 37.2 39.5 41.9 44.3 46.9 49.5 52.1 54.9 57.7 60.6 63.6

48,500 13,500 # 34.1 36.8 39.6 42.5 45.6 48.7 51.9 55.3 58.7 62.3 66.0 69.7 73.6 77.6 81.7

40,700 11,400 # 37.8 41.0 44.4 47.9 51.5 55.2 59.1 63.1 67.2 71.4 75.8 80.3 84.9 89.7 94.5

36,600 10,200 # 40.4 44.0 47.7 51.6 55.6 59.8 64.1 68.5 73.1 77.8 82.6 87.6 92.8 98.1 103.5

33,600 9,400 # 42.7 46.6 50.7 54.9 59.3 63.8 68.5 73.3 78.3 83.4 88.7 94.2 99.8 105.5 111.4

29,800 8,300 # 46.3 50.7 55.3 60.0 64.9 70.0 75.3 80.8 86.4 92.2 98.2 104.3 110.6 117.1 123.7

27,100 7,600 # 49.4 54.3 59.3 64.5 70.0 75.6 81.4 87.4 93.5 99.9 106.5 113.2 120.2 127.3 134.6

23,725 6,600 # 54.4 59.9 65.7 71.6 77.8 84.2 90.9 97.7 104.8 112.0 119.5 127.2 135.2 143.3 151.7

20,300 5,700 # 61.1 67.5 74.3 81.2 88.5 96.0 103.7 111.7 119.9 128.5 137.2 146.2 155.5 165.0 174.8

18,300 5,100 # 66.1 73.3 80.8 88.5 96.5 104.8 113.4 122.3 131.5 140.9 150.6 160.6 170.9 181.4 192.3

15,300 4,300 # 76.2 84.8 93.7 103.0 112.6 122.5 132.8 143.4 154.3 165.6 177.3 189.2 201.5 214.1 227.1

13,600 3,800 # 83.9 93.6 103.6 114.0 124.8 136.0 147.6 159.5 171.8 184.5 197.6 211.0 224.9 239.1 253.7

9,500 2,700 # 113.8 127.6 142.0 156.9 172.4 188.4 204.9 222.0 239.6 257.8 276.5 295.8 315.6 335.9 356.8

8,100 2,300 # 130.9 147.1 164.0 181.5 199.6 218.4 237.8 257.8 278.5 299.8 321.8 344.3 367.6 391.4 415.9

6,800 1,900 # 153.1 172.5 192.5 213.4 235.0 257.3 280.4 304.3 328.9 354.3 380.5 407.4 435.0 463.5 492.6

[m] 450 600 750 900 1,050 1,200 1,350 1,500 1,650 1,800 1,950 2,100 2,250 2,400 2,550

Drilling depth

Heat 

Production




































































































