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DEVELOPMENT OF GEOTHERMAL HEAT PUMPS SECTORII

IDENTIFICATION OF SITES WITH GEOTHERMAL POTENTIAL 



3

Methodology for the identification of sites with geothermal potential

GEOTHERMAL RESOURCE 

ANALYSIS
ANALYSIS OF HEAT DEMAND

IDENTIFICATION OF 7 

PRIORITY AREAS

ESTIMATION OF HEAT 

DEMAND  

LCOH ANALYSIS 

IDENTIFICATION OF SITES WITH GEOTHERMAL 

POTENTIAL AND APPLICATIONS
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HEAT DEMAND MAP CONSOLIDATED MAP: HEAT DEMAND AND GEOTHERMAL RESOURCES

GEOTHERMAL RESOURCES

Data consolidation tool
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▪ 7 proposed priority areas, more likely to 

contain resources to kickstart the 

geothermal development in Bulgaria:

▪ North Bulgaria: Pleven, Varna, Vratsa 

(Malm-Valanginian aquifer only).

▪ Central Bulgaria: Sofia Basin.

▪ Southern Bulgaria: Struma Valley 

(including Sapareva Banya and 

Kyustendil), Velingrad, and Erma Reka.

▪ Confirmed geothermal resources in these 

areas with maximum measured 

temperatures in the 70-110°C range 

– suitable for direct use of heat.

7 priority areas with potential resources suitable for direct use of heat

KEY FINDINGS OF RESOURCES ASSESSMENT PROPOSED PRIORITY AREAS
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HEAT DEMAND (2022) BY REGION AND INDUSTRY TYPE

Heat demand in Bulgaria is concentrated around five regions: Sofia, 

Varna, Burgas, Plovdiv, and Haskovo. These regions account for 26% of 

the total residential demand and 28% of the total industrial demand.
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Sofia is the biggest 

residential heat 

demand area 

KEY FINDING 

High concentration 

of the heat demand

Plovdiv, Varna and 

Burgas are important 

heat demand centers

Five regions account 

for a quarter of heat 

demand in Bulgaria

▪ Sofia-city represents, by far, the biggest residential heat demand area (~20% total 

heat demand in Bulgaria), and the district heating of Sofia the largest heat generation 

company of its kind in Bulgaria, with a share of 61% of the national DH heat generation.

DESCRIPTION

▪ 3 large industrial players aggregate 50% of the total industrial heat demand in Bulgaria: 

Solvay Sodi, Neochim and Lukoil Neftochim refinery.

▪ The 10 largest heat consumers account for >45% of the total heating demand in 2022.

▪ The cities of Plovdiv, Varna and Burgas are the remaining entities with estimated 

heat demand above 1 million MWht per year.

▪ The regions of Sofia, Varna, Burgas, Plovdiv, and Haskovo, accounting for 26% of 

the total residential demand and 28% of the total industrial demand, represent the 5 

zones with larger heat demand in Bulgaria.

Sofia-city represents the largest heat demand residential area, accounting 

for approximately 20% of Bulgaria's total heat demand. The ten largest 

heat consumers account for over 45% of total heat demand.
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Greenhouses, currently supplied mainly by CHP units, also have potential 

for direct usage of geothermal energy. There are already existing 

greenhouses in geothermal regions of Struma Valley, Vratsa, and Pleven. 

HEAT ENERGY – GREENHOUSES BULGARIA (2022)

199,700 MWHT
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Poultry and pig farms have good prospects for geothermal energy, with 

farming accounting for 88,600 MWh/year. 

HEAT DEMAND (2022) OF AGRICULTURAL SECTOR
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Food and Beverages most promising, as processes require lower 

temperatures 319.000 MWht/y

Few matches with identified geothermal areas, however. 

FOOD & BEVERAGE FACILITIES
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Sofia and Varna: concentrate important 

heat demand coupled with existing 

infrastructures (production, network) and 

low-risk geothermal potential, as well as 

coal-fired facilities aimed at producing heat 

and transitioning to carbon-neutral fuel or 

being phased out in the medium term.

In the Struma Valley, existing greenhouse 

businesses could provide opportunities 

for switching to, and/or expansion, 

of geothermal based greenhouses.

In the other areas identified - Pleven, Vratsa, Velingrad, and 

Erma Reka - heat demand is more dispersed and limited. In 

addition, in Pleven and Vratsa, the hotter geothermal resource is 

located at depths exceeding 2,000 m, that may challenge the 

financial viability of small geothermal developments.

Summary of findings: Matching geothermal resources and heat demand
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APPLICATION OF TOOL IN GEOTHERMAL AREAS: EXAMPLE OF DH IN SOFIA

LCOH calculation tool: Methodology

STEP 1

Assessment of heat generation 

potential based on the flow rate 

and temperature.

STEP 2

Assessment of the LCOH range 

based on possible heat 

generation as well as technical, 

and economic parameters

STEP 3

Comparison with potential 

alternatives
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
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LCOH for project cases in the selected geothermal areas  (3,600 op. hours/year)- financial

LCOH calculation tool: Geothermal energy can be competitive when compared 

with alternative technologies-example: 3600 hours/year 

=> LCOH is competitive in all cases for industrial applications- 7000 hours/yr

LCOH for project cases in the selected geothermal areas  (3,600 op. hours/year)- economic
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Development of online LCOH calculation tool

INPUT DATA

OUTPUT DATA

An online tool for geothermal project developers, allowing calculation of LCOH and comparison

with alternative technologies (coal, natural gas etc.) in order to inform investment decisions.

The online tool will calculate LCOH based on assumptions and input data to be provided by the

project developer.

▪ Type of application

▪ Heat consumption/generation

▪ Capacity

▪ Operating hours

▪ Location

▪ CAPEX

▪ OPEX

▪ LCOH geothermal

▪ LCOH of alternative technology
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DEVELOPMENT OF GEOTHERMAL HEAT PUMPS SECTORII

IDENTIFICATION OF SITES WITH GEOTHERMAL POTENTIAL 



Geothermal Heat Pumps: Focus on Industry and Buildings.

METHODOLOGY 

APPROACHI

ANALYSIS OF GHP FOR INDUSTRY ANALYSIS OF GHP FOR BUILDINGS

IDENTIFICATION OF INDUSTRIAL 

SECTORS WITH THE HIGHEST 

POTENTIAL TO IMPLEMENT GHP

IDENTIFICATION OF TYPES OF 

BUILDINGS WITH THE HIGHEST 

POTENTIAL TO IMPLEMENT GHP

CONTENTS OF THE ANALYSIS 

✓ Overview of the key technologies 

✓ Identified industrial sectors with the highest 

potential for implementing GHP and estimated 

potential costs and benefits.

✓ Building sector sub-segments with the highest 

potential and estimated potential costs and benefits.

✓ Sensitivity analysis tool that allows for further 

calibration depending on the requirements – LCOH, 

CAPEX, OPEX, support levels 

✓ Estimates of the total technical potential (capacity 

and investments) and impact (energy and GHG 

savings)

✓ Comparing the potential net benefits related to 

industry and buildings enabled the preparation of 

recommendations for support schemes

✓ Support schemes good practice examples 

(household support schemes in Europe)

✓ Recommendations for scaling up investments 

CALCULATION OF LCOH 

RECOMMENDATIONS RELATED TO POSSIBLE SUPPORTING SCHEMES

SENSITIVITY ANALYSIS & CALIBRATION TO DETERMINE THE SUPPORT 

LEVELS 

ESTIMATION OF POTENTIAL COST 

AND BENEFITS FOR INDUSTRY

ESTIMATION OF POTENTIAL COST 

AND BENEFITS FOR THE BUILDING 

SECTOR 
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Ground-source heat pumps offer many layout alternatives, each with its 

own pros and cons. Both the technical feasibility and economic 

advantages are case-specific

OVERVIEW OF THE GHP TECHNOLOGIESII

TECHNOLOGY PROS CONS

Air-source HPs ▪ Low CAPEX per kW ▪ Lower energy 

performances related 

to outdoor temperature

GWHPs ▪ Energy performances

▪ Low CAPEX per kW

▪ Clean groundwater 

availability

▪ Environmental 

concerns

V-GCHPs 

(boreholes)
▪ Energy performances

▪ Low environmental 

concerns

▪ High CAPEX per kW

H-GCHPs 

(horizontal)
▪ Good energy 

performances

▪ Low CAPEX

▪ Land requirements

▪ Not-suitable for large-

capacity systems

HEAT PUMP TECHNOLOGIES TYPES OF GROUND-SOURCE HEAT PUMP SYSTEMS

GHPS

GROUND-SOURCE HEAT PUMP SYSTEMS

GCHPS

GROUND-COUPLED HPS

GWHPS

GROUNDWATER HPS

SHALLOW GCHPS

(HORIZONTAL, 

ENERGY FOUNDATION, 

BASKETS..)

VERTICAL GCHPS

(BOREHOLES)
WATER WELLS

CLOSED-LOOP OPEN-LOOP

Not suitable for industry 

applications
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Electricity and natural gas prices in Bulgaria have more then doubled over the 

past years for some industrial customers groups. Price ratio of electricity and 

natural gas results in need for COP>2.

GEOTHERMAL FOR INDUSTRYIII

PRICE RATIO (2022 – 2023) ≈ 2.0 – 2.5

Source: BG Statistical Office

GROUP
CONSUMPTION 

(MWH/YR)
2020 2021 2022 2023

Band - I1 <20 240 313 465 414

Band - I2 20 < 500 222 301 449 382

Band - I3 500 <2 000 195 296 414 345

Band - I4 2 000 <20 000 184 279 384 327

Band - I5 20 000 <70 000 171 263 382 351

Band - I6 70 000 <=150 000 152 248 305 263

Band - I7 > 150 000 143 249 351 260

COP >2 TO PROVIDE ADVANTAGES

ELECTRICITY PRICES (BGN/MWH) NATURAL GAS PRICES (BGN/MWH)

GROUP CONSUMPTION (MWH/YR) 2020 2021 2022 2023

Band - I1 0 278 74 108 204 177

Band - I2 278 2,778 66 102 214 163

Band - I3 2,778 27,778 51 89 197 141

Band - I4 27,778 277,778 38 79 195 135

Band - I5 277,778 1,111,111 35 78 237 133

Band - I6 1,111,111 n.a. n.a. n.a. n.a.

CO2 EMISSION RATIO (2022 – 2023) ≈ 2.0
AT GROUND-SOURCE TEMPERATURES (10/15C), 

CURRENT HEAT PUMP TECHNOLOGY ACHIEVES A 

COEFFICIENT OF PERFORMANCE (COP) > 2 FOR HEAT 

REQUIREMENTS UP TO 100°C
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About 10% of BG industrial heat requires temperature <100 C, with 

chemical products and non-metallic mineral products showing the 

largest demand potential

HEAT DEMAND IN BG INDUSTRIAL SECTORS

GEOTHERMAL FOR INDUSTRYIII
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About 10% of BG industrial heat 

requires temperature <100 °C

About 5% of BG industrial heat 

requires temperature <80 °C

NO SECTOR

% BG IND 

HEAT 

DEMAND

% HEAT 

DEMAND 

T≤80°C

% HEAT 

DEMAND 

T≤100°C

1 Food & Beverage 2% <1 % 1 %

2 Wood & Wood products 2% <1 % 1 %

3 Refined petroleum products 14% <1 % <1 %

4 Paper, pulp & print 7% <1 % 2 %

5 Textile & Leather <1% <1 % <1 %

6 Chemical Products 40% 3 % 5 %

7 Iron & Steel 3% <1 % <1 %

8 Pharmaceutical Products < 1% <1 % <1 %

9 Non-ferrous 6% <1 % <1 %

10 Transport infrastructure <1% <1 % <1 %

11 Plastic Products <1% <1 % <1 %

12 Non-metallic mineral products 24% <1 % <1 %

13 Other chemical products 2% <1 % <1 %

TOTAL:                                                                16.35 TWh / 59.5 PJ / 1.4 MTEP
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Industry: Supporting GHPs, especially GWHPs, results in higher 

environmental benefits and increased cost-effectiveness 

ALL BG INDUSTRIAL SECTORS: INCREMENTAL EFFECT OF CAPEX FINANCIAL SUPPORT ON HP TECHNOLOGIES 

GEOTHERMAL FOR INDUSTRYIII

*From “Heat Demand Frequency”

▪ 132 Production sites

▪ 16,525,122 MWh/yr total heat demand* (~5% deliverable with 

GHPs) 

▪ ~ 52.3 ktonCO2/yr possible savings with GHP technologies

▪ CAPEX subsides required to make LCOH of GHP (HP + ground 

apparatus) equal to the LCOH of NG boilers

▪ On average, for each production site, the required support to 

make V-GHPs economically viable corresponds to about 66% of 

the initial CAPEX.

▪ On average, for each production site, the required support to 

make GWHPs economically viable corresponds to about 21% of 

the initial CAPEX.

▪ A total of ~ 328 M BGN is needed for closed-loop systems to 

support all the current 132 production sites and achieve the total 

technical potential

▪ A total of ~ 62 M BGN is needed for open-loop systems to 

support all the current 132 production sites and achieve the total 

technical potential

(!)Technical remark: open-loop systems are subjected to 

groundwater availability
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Industry: Support mechanism is required to make HP technologies competitive 

with NG boilers. Groundwater systems require lower levels of support that can 

be targeted at CAPEX reduction

CHEMICAL PRODUCTS

GEOTHERMAL FOR INDUSTRYIII
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*From “Heat Demand Frequency”

▪ 11 Production sites

▪ 6,617,078 MWh/yr heat demand* (8% deliverable with GHPs) 

▪ ~ 37.4 ktonCO2/yr possible savings with GHP technologies

▪ CAPEX subsidies required to make LCOH of GHP (HP + 

ground apparatus) equal to the LCOH of NG boilers

▪ ~ 178 M BGN for closed-loop systems

▪ ~ 6 M BGN for open-loop systems

▪ The CAPEX support correspond to 56%-4% the total 

CAPEX required to install V-GHP and GWHP, 

respectively

▪ OPEX subsidies required to make LCOH of GHP (HP + 

ground apparatus) equal to the LCOH of NG boilers

▪ ~ 11 M BGN/yr for closed-loop systems

▪ ~ 1 M BGN/yr  for for open-loop systems

▪ The OPEX support corresponds to 33%-1% the yearly 

fuel expenditure to run V-GHP and GWHP, 

respectively

5
48

91 61 48
91 61

173
187

171
158

133
96 126

210

263
285

242
210 210 210

0

100

200

300

400

NG
Boiler

ASHP V-
GSHP

GWHP ASHP V-
GSHP

GWHP

B
G

N
/k

W
h

OPEX reduction

CAPEX OPEX Environmental Cost

Reference period: 15 years; Discount rate: 8%

COST OF AVOIDED EMISSIONS

Reference period: 15 years; Discount rate: 8%
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Industry: Support mechanism is required to make HP technologies competitive 

to NG boilers (LCOH). Groundwater systems require lower levels of support that 

can be targeted at CAPEX reduction

NON-METALLIC MINERAL PRODUCTS

GEOTHERMAL FOR INDUSTRYIII

COST OF AVOIDED EMISSIONS
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Reference period: 15 years; Discount rate: 8%
▪ 22 Production sites

▪ 3,969,468 MWh/yr heat demand* (1% deliverable with GHPs)

▪ ~ 3.5 ktonCO2/yr possible savings with GHP technologies

▪ CAPEX subsides required to make LCOH of GHP (HP + 

ground apparatus) equal to the LCOH of NG boilers

▪ ~ 17 M BGN for closed-loop systems

▪ ~ 3 M BGN for open-loop systems

▪ The CAPEX support correspond to 53%-12% the total 

CAPEX required to install V-GHP and GWHP, 

respectively

▪ OPEX subsides required to make LCOH of GHP (HP + 

ground apparatus) equal to the LCOH of NG boilers

▪ ~ 2 M BGN/yr for closed-loop

▪ ~ 1 M BGN/yr for open-loop

▪ The OPEX support correspond to 43 %- 6 % the 

yearly fuel expenditure to run V-GHP and GWHP, 

respectively
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Buildings: The conversion to GHP can achieve notable energy savings of 5,443 

GWh and CO2 reductions of 1.33 million tons, with the greatest potential 

observed in SFH and MAB.

GEOTHERMAL IN BUILDINGS, TECHNICAL POTENTIALIV

Existing fuel type 
by building

Targeted 
buildings 
area, mil. 

m2

Share of 
total 

heated 
area2

Investment
s in GHP, 
mil. BGN

Energy 
savings, 

GWh

Savings of 
CO2, ton 

CO2e
Savings of 
PM2.5, ton

Single family 
building 54.9 20.6% 13,769 3,977 930,683 10,260 

Coal 0.0 0.0% 3 1 314 2 

Delivered Heat 1.2 0.5% 311 50 14,279 1 

Electricity 8.4 3.1% 2,096 411 199,973 4 

Natural Gas 4.0 1.5% 995 170 31,040 0 

Pellet 8.3 3.1% 2,073 459 35,829 134 

Wood 33.0 12.4% 8,292 2,886 649,248 10,118 

Multi-apartment 
building 20.1 7.5% 2,688 935 253,581 23 

Delivered Heat 17.3 6.5% 2,317 799 228,721 22 

Natural Gas 2.8 1.0% 371 136 24,860 0 

Public building 7.4 2.8% 2,076 531 142,510 13 

Delivered Heat 6.2 2.3% 1,741 440 126,067 12 

Natural Gas 1.2 0.4% 334 90 16,443 0 

Grand Total 82.4 30.9% 18,532 5,443 1,326,774 10,296 

▪ Grant levels necessary to make the installation of a 

ground source heat pump in EE renovated buildings 

competitive and financially viable:

o Single-family buildings 50% CAPEX

o Multiapartment buildings 30% CAPEX

o Public buildings 40% CAPEX

▪ Deployment of GHP in an already EE renovated 

building reduces the risk of system oversizing and 

further reduces the operating and CAPEX costs, 

but the initial investment would still require a targeted 

support scheme

▪ In the case of an MAB, the total operating heating cost 

per square meter can be up to three times lower if 

GHP is installed in a building that has undergone 

thermal renovation.
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Renovated and Non-Renovated MAB – LCOH from heat pump systems, despite 

higher initial investments and installation costs, remains competitive with 

the costs of heat associated with district heating and natural gas boilers

LCOH OF EXISTING HEAT SOURCE BGN/KWH

GEOTHERMAL FOR HOUSEHOLDS IN MULTI-APARTMENT BUILDING (MAB) IV

LCOH OF REPLACED HEAT SOURCE BGN/KWH 
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