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Scope of the presentation

- IDENTIFICATION OF SITES WITH GEOTHERMAL POTENTIAL IN BULGARIA
n DEVELOPMENT OF GEOTHERMAL HEAT PUMPS SECTOR IN BULGARIA
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- IDENTIFICATION OF SITES WITH GEOTHERMAL POTENTIAL
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Methodology for the identification of sites with geothermal potential

GEOTHERMAL RESOURCE
ANALYSIS OF HEAT DEMAND
ANALYSIS

y y

IDENTIFICATION OF 7 ESTIMATION OF HEAT
PRIORITY AREAS DEMAND
\ \
LCOH ANALYSIS

IDENTIFICATION OF SITES WITH GEOTHERMAL

POTENTIAL AND APPLICATIONS
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Data consolidation tool

HEAT DEMAND MAP

CONSOLIDATED MAP: HEAT DEMAND AND GEOTHERMAL RESOURCES
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7 priority areas with potential resources suitable for direct use of heat

KEY FINDINGS OF RESOURCES ASSESSMENT

PROPOSED PRIORITY AREAS

= 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.
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Geothermal Area Pleven Varna Vratsa Sofia Velingrad s\ft’aﬂey f?lz::
Temperaturerangs °C). Measured 30-110 30-70 50-90 a0-20 3297 30-98 70-50
in existing wells and thermal springs
Water salinity (TDS mg/l) 1000-30000 | 1000-5000 | 5000-15000 | 2000-5000 | 200-850 300-4500 | 100-1700
Re (m} 800-2300 400-1400 1100-2100 300-700 300-800 150-700 S00-500
As known from existing boreholes
Thermal power potentially
“-".“"“’*"*’W‘"" 622 217 52 48 27 78 15
Minimum estimate, based on
measured resource data
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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.

HEAT DEMAND (2022) BY REGION AND INDUSTRY TYPE

Demand type ©Industry @Municipality

g — s 3 7 A 2 -” “‘!,‘ 7~ 1| Region Industry  Municipality lotal
‘ ‘( U =S ’ & Vama 4524083 1597685 6121768
i S f [] Sofia-city 308076 4747788 5055864
— N 3] Burgas 2571408 1403925 3975333
=A \Drobeta>Turnu ] Plovdiv 1562257 2321813 3304070
iﬁ everin [5] Haskovo 2592405 769233 3361638
. [ VelikoTarnovo | 847229 756603 1603832
L\ %] Targovishte 1049831 356737 1406563
-Kr$§ ujev. 1‘1 [7] Sofia 374345 244031 1218377
& | %] StaraZagora 50751 1082260 1133011
o=, (] Blagoevgrad 10779 1068570 1079349
e ‘ ] . ‘ cat (] Shumen 493007 554356 1047363
= W iy TR i f X o [i] Pleven 225530 817093 1042628
g PR 3 & } : | Vratsa 452479 552061 1004540
Bali izvor 452233 452339
[ > Vratss 223332 223333
> ! ! Byalz Slatina 71792 71792
T S A oy o Kezloduy 65762 65762
hE Mezdra 140 63155 63295
B LGARIA Sliven .. Onyahove 30834 30834
W —h > .‘ Krivodol 27378 27378
Vg e Miziya 20447 20447
— Roman 17544 17544
Borovan 17421 17421
Hzyradin 13895 13895
%] Pazardzhik 162469 338337 1001306
] Ruse 160612 703163 863730
(] Razgrad 473257 374929 843136
7 Pernik 353778 414382 763160

- Heat Demand MWht (2022) by Demand type
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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.

A arrrrrrr@r@m@mI@InInInInInne

KEY FINDING DESCRIPTION

Sofia is the biggest = Sofia-city represents, by far, the biggest residential heat demand area (~20% total
residential heat i heat demand in Bulgaria), and the district heating of Sofia the largest heat generation
demand area i company of its kind in Bulgaria, with a share of 61% of the national DH heat generation.

= 3large 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.

High concentration
of the heat demand

Plovdiv, Varna and
Burgas are important
heat demand centers

= The cities of Plovdiv, Varna and Burgas are the remaining entities with estimated
' heat demand above 1 million MWht per year.

SVERCEIN R | = The regions of Sofia, Varna, Burgas, Plovdiv, and Haskovo, accounting for 26% of
for a quarter of heat § the total residential demand and 28% of the total industrial demand, represent the 5
demand in Bulgaria [ zones with larger heat demand in Bulgaria.
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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.
TR

HEAT ENERGY — GREENHOUSES BULGARIA (2022)
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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

Farmmg demand (2022)
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Food and Beverages most promising, as processes require lower
temperatures 319.000 MWhtly
Few matches with identified geothermal areas, however.

FOOD & BEVERAGE FACILITIES
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Summary of findings: Matching geothermal resources and heat demand

Lraiova

Sofia and Varna: concentrate important o
heat demand coupled with existing SN A S
infrastructures (production, network) and REREIN o e N LA
low-risk geothermal potential, as well as Fwe, VWARAC feeo, Y L el
coal-fired facilities aimed at producing heat R o e @vﬂ

and transitioning to carbon-neutral fuel or N’ SORA.- : :

being phased out in the medium term. o @ : ‘, :

o .S._TF;UMAV.'
In the Struma Valley, existing greenhouse
businesses could provide opportunities LT

for switching to, and/or expansion,
of geothermal based greenhouses.

Istan

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.
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LCOH calculation tool: Methodology

APPLICATION OF TOOL IN GEOTHERMAL AREAS: EXAMPLE OF DH IN SOFIA

sl [th] —
Flss B | 40,333 | 46,005 )| 51,856 | 57,618 380
Flao W3 | 37,060 | 43333 || 48806 | 54279 | 50,652
L 75 2 | 35588 | 40,672 || 45756 | 50840 | 55924
1 70 33215 | 37960 | 42705 | 47450 | 52195
jss 30,843 | 35249 || 39655 | 44061 | 48,467
g0 218 28470 | 32537 || 36,605 | 40672 | 44739 .
1N ST 26,008 | 20826 |§ 33554 | 3r282 | 41,011 Assessment Of heat genel’atlon
Flowrate | I 50 IEgD 23725 | 27114 J 30504 | 33893 | 37.282 . | b d h fI
L 45 e 21,353 | 24,403 || 27,453 | 30504 | 33,554 S
0 12,080 | 21602 |§ 24408 | 27114 | 29,896 pOtentIa asea on t e tiow rate
| 5 MH» 16,608 | 18,080 § 21353 | 23725 | 26008
2 [Ehos 14235 | 15260 | 18,302 | 20336 | 22369 and tempel’at
= Ko 11,863 | 13557 J| 15252 | 16947 | 18,541
20 [ 9490 | 10,845 || 12202 | 13557 | 14,913
15 [ =4 Zia | 21 9151 | 10168 | 11,185
75 80 85 90 95
| e
WY it KWt
66, 400/ F18, 500 469 495 521 549
-s,ﬁonlll_ga,&an 58.7 62.3 66.0 59.7 A t f th LCOH
0,700 Kh1,400 7.2 714 758 803
mﬁﬁou im,zou 731 T8 826 876 ssessment o € range
09,400 783 B34 287 942 ] 2
29,200 [ 8,300 . ] 86.4 22 98.2 104.3 based on pOSSIble heat
Heat 271001 7,600 . . . ) 935 09.9 106.5 113.2 . .
I e i e T generation as well as technical,
Fz.2001 5,100 66.1 733 808 285 965 1048 W 1134 | 1223 | 1315 | 1400 | 1506 | 1606 H
115,300 4,300 76.2 848 937 103.0 | 1126 | 1225 W 1328 | 1434 | 1543 | 16656 | 1773 | 189.2 . and economic paramEterS
h3.6000 3,800 83.0 936 1036 J 1140 | 1248 | 1360 W 1476 | 1505 | 1718 | 1845 | 1976 | 211.0
I 9,500| 2,700 1138 | 1276 | 1420 J 1560 | 1724 | 1824 W 2040 | 2090 | 2306 | 2678 | 2765 | 2058
[ 2100/ 2,300 130.9 | 147.1 1640 W 1815 | 1996 | 2134 W 2378 | 2578 | 2785 | 2098 | 3218 | 3443
[ 6,800/ 1,900 1531 1725 | 1925 N 2134 | 2350 | 2573 N 2804 | 3043 | 3280 | 3543 | 3805
m. 450 600 750 %00 1,060 1200 1,350 1,500 1650 1,800 1950 2100
‘ Drilling depth
Comparison with potential
alternatives
LCOH ALTERNATIVE SO ES (EUR/MW
12
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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)- financial

250

200

Electrical heating (157.90)

Vratsa Sofia Basin Velingrad Struma Valley Erma Reka

BCAPEX w®mOPEX Financing costs

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

250
Hard coal (181.84)
P | ettt ettt ettt ittt ettt ettt ettt ettt
FElectrical Heating (181.47)
150
125.81
° 11098 Natural Gas (110.99)
it~ - A— T ittt
100 5227 T 71
3932
50 3338 4417 48.54 52.03
53.94 7354 64.97 P 2149 231 2446
0 = 2267 25.43 2757
Pleven Varna Vratsa Sofia Basin Velingrad Struma Valley Erma Reka @
13 mCAPEX mOPEX m Cost of CO2 emissions
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Development of online LCOH calculation tool

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.

14

INPUT DATA

OUTPUT DATA

Type of application

Heat consumption/generation
Capacity

Operating hours

Location

CAPEX

OPEX

LCOH geothermal

LCOH of alternative technology

@
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n DEVELOPMENT OF GEOTHERMAL HEAT PUMPS SECTOR

15 @

THE WORLD BAMNK
TR - (IR | WL e B




Geothermal Heat Pumps: Focus on Industry and Buildings

n APPROACH

METHODOLOGY

ANALYSIS OF GHP FOR INDUSTRY ANALYSIS OF GHP FOR BUILDINGS

CONTENTS OF THE ANALYSIS

v Overview of the key technologies

v' Identified industrial sectors with the highest
potential for implementing GHP and estimated
potential costs and benefits.

y

IDENTIFICATION OF INDUSTRIAL IDENTIFICATION OF TYPES OF
SECTORS WITH THE HIGHEST BUILDINGS WITH THE HIGHEST
POTENTIAL TO IMPLEMENT GHP POTENTIAL TO IMPLEMENT GHP v Building sector sub-segments with the highest
] ) potential and estimated potential costs and benefits.

| v Sensitivity analysis tool that allows for further
CALCULATION OF LCOH [ . . . .

! calibration depending on the requirements — LCOH,
v Y CAPEX, OPEX, support levels

SENSITIVITY ANALYSIS & CALIBRATION TO DETERMINE THE SUPPORT
LEVELS

v Estimates of the total technical potential (capacity

and investments) and impact (energy and GHG
¥ savings)
ESTIMATION OF POTENTIAL COST
AND BENEFITS FOR THE BUILDING

SECTOR

v' Comparing the potential net benefits related to
industry and buildings enabled the preparation of
recommendations for support schemes

ESTIMATION OF POTENTIAL COST
AND BENEFITS FOR INDUSTRY

v' Support schemes good practice examples
(household support schemes in Europe)

v Recommendations for scaling up investments

RECOMMENDATIONS RELATED TO POSSIBLE SUPPORTING SCHEMES
1 @
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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 TECHNOLOGIES

HEAT PUMP TECHNOLOGIES

TYPES OF GROUND-SOURCE HEAT PUMP SYSTEMS

TECHNOLOGY

Air-source HPs

GWHPs

V-GCHPs
(boreholes)

H-GCHPs
(horizontal)

17

PRros

= Low CAPEX per kW

Energy performances

Low CAPEX per kW

Energy performances

Low environmental
concerns

Good energy
performances

Low CAPEX

CONSs

Lower energy
performances related
to outdoor temperature

Clean groundwater
availability

= Environmental

concerns

High CAPEX per kW

Land requirements

Not-suitable for large-
capacity systems

GCHPs

GHPs

GROUND-SOURCE HEAT PUMP SYSTEMS

GROUND-COUPLED HPs

SHALLOW GCHPs
(HORIZONTAL,
ENERGY FOUNDATION,
BASKETS..)

GWHPs
GROUNDWATER HPs

VERTICAL GCHPs
(BOREHOLES)

WATER WELLS

Not suitable
applications

Y

CLOSED-LOOP

for industry

OPEN-LOOP

@
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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.

m GEOTHERMAL FOR INDUSTRY

ELECTRICITY PRICES (BGN/MWH)

NATURAL GAS PRICES (BGN/MWH)

GROUP

CONSUMPTION

(MWH/YR)
Band - 11 <20
Band - 12 20 <500
Band - I3 500 <2 000
Band - 14 2000 <20 000
Band - 15 20 000 <70 000
Band - 16 70000 <=150 000
Band-17 > 150 000

2020

240

222

195

184

171

152

143

2021

313
301
296
279
263
248

249

2023

2022
465 414
449 382
414 345 |
384 327 |
382 351 |
305 263 |

GROUP CoNsSumMPTION (MWH/YR) 2020 2021
' Band-I1 0 278 74 108 204 177
| Band - 12 278 2,778 66 102 214 163
| Band- 13 2,778 27,778 51 89 197 141
' Band - 14 27,778 277,778 38 79 195 135
! Band - 15 277,778 1,111,111 35 78 237 133
Band - 16 1,111,111 n.a. n.a. n.a. n.a.

351 260 |

PRICE RATIO (2022 — 2023) = 2.0-2.5

CO, EMISSION RATIO (2022 — 2023) = 2.0

Source: BG Statistical Office

COP >2 TO PROVIDE ADVANTAGES
AT GROUND-SOURCE TEMPERATURES (10/15C),
CURRENT HEAT PUMP TECHNOLOGY ACHIEVES A
COEFFICIENT OF PERFORMANCE (COP) > 2 FOR HEAT
REQUIREMENTS UP TO 100° C

130




About 10% of BG industrial heat requires temperature <100 C, with
chemical products and non-metallic mineral products showing the
largest demand potential

m GEOTHERMAL FOR INDUSTRY

HEAT DEMAND IN BG INDUSTRIAL SECTORS

) ) |
% BG IND %o HEAT © 100% | About 10% of BG industrial heat

HEAT DEMAND . o
BEMANE T<80°C T<100°CH 009, | requires temperature <100 °C

16.35 TWh /59.5 PJ / 1.4 MTEP

1 Food & Beverage 2% <1% 1% 80% | About 5% of BG industrial heat

2 Wood & Wood products 2% <1% 1% | 70% requires temperature <80 °C

3 Refined petroleum products 14% <1% <1% i 60%

4  Paper, pulp & print 7% <1% 2% E 50%

5 Textile & Leather <1% <1% <1% i 40%

6 Chemical Products 40% 3% 5% 30%

7 Iron & Steel 3% <1% <1% i 20%

8 Pharmaceutical Products <1% <1% <1% i 10% I I

9  Non-ferrous 6% <1% <1% E 0%

10 Transport infrastructure <1% <1% <1% i T<6060°C <80°C £100°C 150°C200°C300°C T>
! °C T<80T<100 <T< <T< <T< <T< 1000

11 Plastic Products <1% <1% <1% ! °C °C ) 150 °C 200 °C 500 °C 1000 °C

12 Non-metallic mineral products 24% <1 % <1% E °C

13 [Other chemical products 2% 1% 1o mmm Distribution ~—e=Cumulative distribution

21 @
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Industry: Supporting GHPs, especially GWHPSs, results in higher
environmental benefits and increased cost-effectiveness

m GEOTHERMAL FOR INDUSTRY

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

Achievable CO2 savings — kton/yr

22

60

50

40

30

20

10

~30 BGN/ton

{.

~588 BGN/ton

—>

0 100

. | ~360 BGN/ton

Reference period: 15 years

200

300 400

Cumulative CAPEX incentive — MBGN

----ASHP --®--V-GCHP

--®--GWHP

= 132 Production sites

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

= ~523ktonCO2/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.

=  Atotal of ~328 M BGN is needed for closed-loop systems to
support all the current 132 production sites and achieve the total
technical potential

=  Atotal of ~62 M BGN is needed for open-loop systems to
support all the current 132 production sites and achieve the total
technical potential

*From “Heat Demand Frequency”

(NTechnical remark: open-loop systems are subjected to @
groundwater availability THE WORLD BANK
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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

m GEOTHERMAL FOR INDUSTRY

CHEMICAL PRODUCTS COST OF AVOIDED EMISSIONS

respectively

CAPEX reduction | Reference period: 15 years; Discount rate: 8%
400 = 11 Production sites
300 263
S 210 . = 6,617,078 MWh/yr heat demand* (8% deliverable with GHPs)
200 Rt .
4 1
& 100 B =~ 37.4 ktonCO2/yr possible savings with GHP technologies
m 1
48 il e ————
0 ) 1 I .- .
NG ASHP V- GWHP ASHP V- GWHP ! = | CAPEX subsidies required to make LCOH of GHP (HP + i
-100  Bojler GSHP GSHP ! 1 ground apparatus) equal to the LCOH of NG boilers '
: ! ] ~ - 1
mCAPEX ®mOPEX mEnvironmental Cost ! H 178 M BGN for closed |OOp systems |
| i = ~6MBGN for open-loop systems i
_ ! ! = The CAPEX support correspond to 56%-4% the total:
400 OPEX reduction | Reference period: 15 years; Discount rate: 8% ! : CAPEX required to install V-GHP and GWHP :
1 ! 1
285 ! i respectively '
< 300 263 ! T T T T T T T T T T T e T m s e e e
E 200 W20 210 210 =  OPEX subsidies required to make LCOH of GHP (HP +
& " 17 ground apparatus) equal to the LCOH of NG boilers
D100 RE e ! = ~11 M BGN/yr for closed-loop systems
48 91 = ~1MBGN/yr forfor open-loop systems
0 NG ASHP V. GWHP ASHP V- GWHP ! =  The OPEX support corresponds to 33%-1% the yearly
Boiler GSHP GSHP fuel expenditure to run V-GHP and GWHP,

ECAPEX ®OPEX m®Environmental Cost

*From “Heat Demand Frequency”

23 @
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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

m GEOTHERMAL FOR INDUSTRY

NON-METALLIC MINERAL PRODUCTS COST oF AvVOIDED EMISSIONS

ECAPEX ®OPEX mEnvironmental Costs respectively

CAPEX reduction Reference period: 15 years; Discount rate: 8% : - 22 Production sites
400 :
300 285 289 | = 3,969,468 MWh/yr heat demand* (1% deliverable with GHPS)
< |
= 200 : . : : ,
S | = ~3.5ktonCO2/yr possible savings with GHP technologies
o 100 | o '
m 1
0 . ECAPEX subsides required to make LCOH of GHP (HP + i
100 NG ASHP V- - GWHP ASHP V- GWHP 1 ground apparatus) equal to the LCOH of NG boilers H
Boiler GSHP GSHP ! = ~17 M BGN for closed-loop systems !
mCAPEX ®OPEX mEnvironmental Cost ! i = ~3MBGN for open-loop systems i
OPEX reduction Reference period: 15 years: Discount rate: 8% i =  The CAPEX support correspond to 53%-12% the totali
: ' CAPEX required to install V-GHP and GWHP, '
o | L
300 :
% 246.....208... =  OPEX subsides required to make LCOH of GHP (HP +
> 200 ! ground apparatus) equal to the LCOH of NG boilers
2 100 > L = ~2 M BGN/yr for closed-loop
0 69 ! = ~1 M BGN/yr for open-loop
0 | = The OPEX support correspond to 43 %- 6 % the
NG ASHP V- GWHP ASHP V-  GWHP | ; :
Boiler GSHP GSHP : yearly fuel expenditure to run V-GHP and GWHP,

*From “Heat Demand Frequency”
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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 POTENTIAL

Targeted Share of

buildings total Investment Energy  Savings of

Existing fuel type area, mil. heated sinGHP, savings, CO2,ton Savings of E
by building m2 area2 _ mil. BGN___GWh CO2e __PM2.5, ton B =  Grant levels necessary to make the installation of a
Single family ! : G
building 54.9 20.6% 13,769 3,977 930,683 10,260 | ground .S.OUI'CG he_at pump II’]_EE renovated buﬂdmgs
: competitive and financially viable:
Coal 0.0 0.0% 3 1 314 2 ! o Single-family buildings 50% CAPEX
Delivered H s 0.5% a1 0 14279 . ! o Multiapartment buildings 30% CAPEX
t o .5% D 1 . S
civerec res : o Public buildings 40% CAPEX
Electricity 8.4 3.1% 2,096 411 199,973 4 E
: = Deployment of GHP in an already EE renovated
Natural Gas 4.0 15% 99 170 31,040 0 : building reduces the risk of system oversizing and
pellet 33 31% 2,073 459 35829 134 further_re_(_juges the operating a_nd CAPEX costs,
but the initial investment would still require a targeted
Wood 33.0 12.4% 8,292 2,886 649,248 10,118 support scheme
Multi-apartment !
building 20.1 7.5% 2,688 935 253,581 23 | . .
: = Inthe case of an MAB, the total operating heating cost
Delivered Heat 173 6.5% 2,317 799 228,721 22 | per square meter can be up to three times lower if
: GHP is installed in a building that has undergone
Natural Gas 2.8 1.0% 371 136 24,860 0 I .
! thermal renovation.
Public building 7.4 2.8% 2,076 531 142,510 13 E
Delivered Heat 6.2 2.3% 1,741 440 126,067 12 i
Natural Gas 1.2 0.4% 334 90 16,443 0 |

@

THE WORLD BAMNK

R 1 | WAL

Grand Total g 18,532 5,443 1,326,774 10,296




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

GEOTHERMAL FOR HOUSEHOLDS IN MULTI-APARTMENT BUILDING (MAB)

LCOH OF EXISTING HEAT SOURCE BGN/KWH L COH OF REPLACED HEAT SOURCE BGN/KWH
0.50 0.50

0.45 i 0.45

0.40 i 0.40

0.35 i 0.35

0.30 1 0.30

0.25 0.25

0.20 0.18 017 0.20 0.19 0.17 0.19 0.17
0.15 i 0.15

0.10 0,10 012 0.08
0.05 i 0.05 0.05
0.00 1 0.00

Nat. gas boiler E GSHP Air-to-Water HP GSHP Air-to-Water HP
MAB ! MAB_B MAB_E
mOPEXenergy mCAPEX wmCostof CO2 wmCostof PM2.5 i mOPEX energy mCAPEX wmCostof CO2 mCostof PM2.5
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