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Focus Areas

New report shows huge potential for heat
the Baltics

The recently released report Heat Pump Po
the Baltic States concludes that the Baltic
have a huge potential in heat pumps and re
district heating. The report shows...
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ARUANDE PEATUKID

1. Kaugkute ja potentsiaalsed soojusallikad Balti riikides
2. Balti riikide elektri- ja soojusvarustuse tuleviku modelleerimine soojuspumpadega

3. Soojuspumpade ja jahutuse tehnoloogiate laialdast kasutuselevottu soodustavad
tegurid

4. Soojuspumpade kasutamise sotsiaalmajanduslik moju kaugkuttesektorile
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PROJEKT ,,SOOJUSPUMPADE POTENTSIAAL BALTI RIIKIDES™

= Aruanne:

= Kasiraamat suuremahuliste soojuspumpade juurutamiseks @ Nordic Energy
= Detailne taustainformatsioon

= Stsenaariumite analiitsid kuni aastani 2050 Research

= Eesti, Lati ja Leedu andmekogumid

= Kaugkduttepiirkonnad

= Korgetemperatuurilised soojusallikad ja katlamajad TAL

= Heitsoojuse kogused ja kasutamise potentsiaal TECH
= QOlemasolevate kaugkuttevorkude kaugus soojusallikatest

= GIS veebikaart:
= Uldine llevaade iga Balti riigi kohta
= Piirkondliku energiaplaneerimise analluside alused
= Andmekogumite taaskasutamine
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https://pub.norden.org/nordicenergyresearch2021-02/
https://www.nordicenergy.org/wordpress/wp-content/uploads/2021/02/Database_Estonia.xlsx
https://www.nordicenergy.org/wordpress/wp-content/uploads/2021/02/Database_Latvia.xlsx
https://www.nordicenergy.org/wordpress/wp-content/uploads/2021/02/Database_Lithuania.xlsx
https://ttugis.maps.arcgis.com/home/item.html?id=e95d0f0431a7462984304204618383ae

PALJASSAARE

= Tallinna saastva energiamajanduse tegevuskavas aastateks 2011-2021 -
Paljassaare soojuspump - 20 MW, katab 6-7% kogu linna soojuskoormusest, kuni
125 GWh

= MKM (KPMG) uuring , Heitsoojuse- ja heitjahutuse kasutamise voimalused kltte-
ja/vOi jahutus sektoris ning Eesti tohusa kaugkitte ja -jahutuse potentsiaali
hindamine™: Paljassaares soojuspumbad - aastane soojustoodang - 450 GWh
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TEMPERATUUR

Temperatuur, °C
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KAUGKUTE BALTI RIIKIDES

Kaugkulte on vaga levinud soojuse tootmise viis Baltimaades.
Kaugkulttest saab vajaliku soojuse

= 62% Eesti soojustarbimisest

= 65% Lati soojustarbimisest

= 58% Leedu soojustarbimisest

Vordluseks, Euroopa liidus on see suurus keskmiselt 26%.

Madalatemperatuuriline kaugklte, mis kasutab soojuse tootmiseks taastuvaid
energiaallikaid toetab Euroopa Liidu kliima ja energeetika eesmarkide taitmist
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SUURED SOOJUSPUMBAD EESTIS

Suurte soojuspumpade kasutamiseks on Balti riikides kullaldaselt potentsiaali.

= Ellu viidud projektidest voib valja tuua

= Kaarepere ja Palamuse kaugkUlttevorgud, kus toodetakse sooja
maasoojupumpade abil

= Kiikla kaugkuttevork, kus soojusallikana kasutatakse kaevandse vett
= Tallinna Lennusadama kutte- ja jahutuslahendus
= 395 kW, 180 kW, 250 kW jahutus

= Utilitase Mustamae koostootmisjaama paigaldati soojuspump suitsugaaside
kondensaatori jahutusveest taiendava soojuse saamiseks
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OLULISED PARAMEETRID

= Uuringu raames koguti iga kaugkuttevorgu
kohta jargmised andmed

= Asukoht (koordinaadid)

= Kasutatava soojusallika liik

= Aastane soojusvajadus (MWh)

= Soojuskadu (%)

= Kasutatavate kutuste jaotus (MW, MWh)

= Andmed kanti visualiseerimiseks GIS kaardile
= 184 Eesti kaugkuttevorku
= 111 Lati kaugkUlttevorku
= 56 Leedu kaugkdUttevorku
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KORGETEMPERATUURILISED SOOJUSALLIKAD

= Korgetemperatuuriliste soojusallikate puhul voeti arvesse:
= Kaugkuttes sobib kasutamiseks toostuslik heitsoojus ja katlamajade suitsugaasid
= Arvesse voeti soojusallikaid, mille soojuslik voimsus on dle 10 MW

= ToOOstuslikuks heitsoojuseks loetakse soojust, mis lastakse Umbrusesse peale
toostuslikku protsessi

= Heitsoojus, mille temperatuur on korgem kui 90°C, saab kasutada kaugkuttes vaid
soojusvaheti abil

= Ulejdénud heitsoojust saab kasutada soojuspumpade abil

= Iga soojusallika puhul koguti andmed
= Koordinaadid
Soojusallika tuup - katlamaja, koostootmisjaam, toostus
Aastane heitsoojuse kogus (MWh)
Paigaldatud voimsus (MW)
Kasutatav kutus
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KORGETEMPERATUURILISED SOOJUSALLIKAD

Heitsoojuse allikate arv riigiti

= Eestis 174

= Latis 106

= Leedus 99

Allikad jagati 14 erinevaks tluubiks vastavalt toostusele

Vastavalt allika taubile hinnati heitsoojuse kogus primaarenergia tegurite jargi (PEC)
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KORGETEMPERATUURILISTE SOOJUSALLIKATE KASUTAMINE

= Eesti puhul on potentsiaalne kasutatav heitsoojuse kogus 3370 GWh
= Sellest 2247 GWh saaks rakendada soojusvaheti abil
= Sellest 1123 GWh saaks rakendada soojuspumpade abil

= Katlamajade ja koostootmisjaamade puhul arvestati, et esmalt tuleks paigaldada
suitsugaaside kondensaator ja seejarel soojuspump
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KORGETEMPERATUURILISED
SOOJUSALLIKAD

= Korgetemperatuurilised soojusallikad
lisati visualiseerimiseks GIS kaardile
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MADALATEMPERATUURILISED SOOJUSALLIKAD

= Madalatemperatuuriliste soojusallikate puhul voeti arvesse:
= Temperatuur on alla 30°C

= Uldiselt looduslikud allikad

= Merevesi
= Ohk
= Pinnavesi River Lake bottom Seawater surface = Sewage water
= Jarved 25
= Jaed 6 2
= Reovesi e
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MADALATEMPERATUURILISTE SOOJUSALLIKATE KASUTAMINE

= Kasutatavateks loeti soojusallikaid, mis asusid max 1 km kaugusel kaugkuttevorgust
= Tuleb arvesse votta klilmumispunkti

= Arvestades, et temperatuurilangus on 3 K, siis merevee puhul on minimaalne kasulik
temperatuur 2,5°C, jogede ja jarvede puhul on see temperatuur kdrgem

Madalatemperatuuriline Kaugus, km Eesti

soojusallikas

Merevee ligipaasuga
kaugkuttevorgud

Reovee voimalusega
kaugkUlttevorgud

Suurte jogedega
kaugkuttevorgud

Suurte jarvedega
kaugkulttevorgud

0 18 9 3
<1 4 0 0
0 33 41 23
<1 11 28 10
0 /79 40 18
<1 25 17 3
0 11 11 16
<1 8 10 7

AVolkova, H.Pieper, K.Lepiksaar " Soojuspumpade kasutamise
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MADALATEMPERATUURILISED

SOOJUSALLIKAD w;‘”

= Lisades kaardile ka k&ik | j} 3 PR
madalatemperatuurilised soojusallikad on i
valminud pohjalik kaart soojusallikatega ja > AT
nende kasutuskohtadega -

= Kaart on vabalt kasutatav kdikidele huvilistele A TN 5 _
ja on plaanis sealset informatsiooni tdiendada A 2 E :

= https://ttugis.maps.arcgis.com/home/item.html|?id=e95d0f0431a74
62984304204618383ae
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VILJANDI NAIDE

Muasivere

= Kaugkuttevorgud @
= Viljandi — aastane tarbimine 85 000 MWh  »

= Vana-Voidu - aastane tarbimine 1500
MWh

= Pari
= Viiratsi
= Jamejala

= Piirkonnas asuvad soojusallikad
= Viljandi Kosti reoveepuhastusjaam

Viljandi jarv - kuni 21 GWh kasutatavat

= Viljandi katlamaja - ligikaudu 8 GWh soojust
kasutatavat soojust = Raudna jogi

= Jamejala katlamajad - ligikaudu 5,6 ja 4,3 = Tanassilma jogi
GWh kasutatavat soojust = Arma jogi

TECH TALLINN UNIVERSITY OF TECHNOLOGY
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AGENDA

Large-scale heat pump development in
Scandinavia

= QOur modelling strategy
= Scenario analysis until 2050 for Baltic states
= Estonian results

= Large-scale heat pumps for district cooling
= Electrification of the industry

Conclusion

¥EEH TALLINN UNIVERSITY OF TECHNOLOGY

AVolkova, H.Pieper, K.Lepiksaar " Soojuspumpade kasutamise potentsiaal
Eesti kaugkuttevorkudes", ESTIS
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DEVELOPMENT OF LARGE-SCALE HEAT PUMPS FOR DISTRICT
HEATING IN SCANDINAVIA

= Sweden (1500 MW) = Sweden, Norway, Finland = Denmark, Norway = Esbjerg (DK, 2023), ...
= 58 units = 36 units = >19 units (+14 DK) = Upto 150°C
= Up to 50 MW units = Upto 18 MW units = Upto4 MW units = Upto 50 MW units
= HCFC (R22), CFC (R12) = HFC (R134a) = Natural (R717, R744), HFO = Natural, HFO, Mixtures
= COP:3.0-3.5 = COP:2.8-4.0 = COP:2.8-4.0 = Water as heat source
= Sewage water, seawater = Seawater, sewage water, ® Excess heat, seawater,
- Nuclear power excess heat ambient air, groundwater,...
() o [ ()
1980 - 1990 1991 - 2010 2011 - 2020 From 2023

AVolkova, H.Pieper, K.Lepiksaar " Soojuspumpade kasutamise potentsiaal
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Eesti kaugkuttevorkudes", ESTIS



EXAMPLES OF LARGE-SCALE HEAT PUMPS IN SKANDINAVIA

13.2 MW seawater heat pump (OsIo 2011)

180 MW seawater heat
pump (Stockholm, 1986)

4.4 MW air-source heat pump
(Ringkgbing, 2017)
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TOTAL THERMAL CAPACITY OF LARGE-SCALE HEAT PUMPS

SUPPLYING DISTRICT HEATING IN DENMARK

Total heat pump capacity, MW
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W Others
W District cooling
W Solar
B Sewage water
W Groundwater
B More than 1
M Seawater

Not specified
M Excess heat
B Flue gas

B Air
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REASONS FOR HEAT PUMP DEVELOPMENT IN DENMARK

Investment support 160
= 2015: M€3.6 for 10 projects worth M€19 (19MW) < 140
= 2018: M€3.1 for 13 projects worth M€26 (30MW) 3 .

> 120 .
100

80

Scientific support
= 1050 MW of heat pumps in 2050 (DEA)

= 2450 MW of heat pumps in 2050 (IDA) j
Governmental support (2018)
= 6300 MW wind power already in 2020 0

I
o

Electricity costs, €/
(@)
S

N
o

- 2400 MW more until 2030 DK2014 ~ DK2017 DK 2022
= No coal for electricity generation by 2030 B Nord Pool M Transmission M Distribution
= Change of electricity taxes/tariffs Tax m PSO

TECH TALLINN UNIVERSITY OF TECHNOLOGY
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AGENDA

Our modelling strategy
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OUR MODELLING STRATEGY

= Analyze competitiveness of large-scale heat pumps and various heat sources
in district heating networks

= Energy system model analysis until 2050
= Balmorel software, as in BENTE and FLEX4RES
= Baltic-Nordic region

Additional details considered:

= COPs depending on time, heat source and temperatures

= Cost assumptions for heat pumps depending on heat source
= Detailled modelling of district heating areas

= GIS-based heat source mapping for each modelled area

TECH TALLINN UNIVERSITY OF TECHNOLOGY

AVolkova, H.Pieper, K.Lepiksaar " Soojuspumpade kasutamise potentsiaal

19.04.2021
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ACCESS OF DISTRICT HEATING AREAS TO HEAT SOURCES

- Estonl_a: o Area EHO EH1 SWO SW1 RO R1 LO L1 SO S1|TWh|Areas
= 8 individual areas (2.76 TWh) Maardy 0.06 1
= 4 aggregated areas (0.93 TWh) Narva 0.39 1
Parnu 0.23 1
Sillamae 0.24 1
= EHO/EH1: Industrial excess heat within Tallinn 1.5 1
0/1 km Tartu 0.2 1
= SWO0/SW1: Seawater within 0/1 km L ol
distance ExcessH 0.53 37
= RO/R1: Rivers within 0/1 km distance NoSource 0.24| 85
= LO/L1: Large lakes within 0/1 km Rivers = 0.09 42
distance Rest 0.07| 20

= S0/S1: Sewage water treatment plant

within 0/1 km distance
¥EEH TALLINN UNIVERSITY OF TECHNOLOGY
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SCENARIO ANALYSIS OF FUTURE ENERGY SUPPLY UNTIL 2050

= Base scenario: Socio-economic competition of technologies
= Grid Tariffs scenario: Current electricity grid tariffs
= Invest support scenario: 50% subsidy for new large-scale heat pumps

= Sensitivity analysis:
= Biomass prices £33%
= CO, prices £33%

¥%&H TALLINN UNIVERSITY OF TECHNOLOGY
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AGENDA

Scenario analysis until 2050 for Baltic states

TECH TALLINN UNIVERSITY OF TECHNOLOGY
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GENERATED HEAT FOR ALL BALTIC STATES

18
16
14
10

2020 2030 2040 | 2050 | 2020 2030 2040 | 2050 | 2020 2030 2040 p 2050

Generated heat, TWh
[ERY
N9

o N B~ O

Base Grid Tariffs Invest support
54% 24% PPOTE " 68%
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W Biomass

B Oil Shale

® Natural gas
B Waste

M Fuel oil

B Heat Pumps
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GENERATED HEAT BY HEAT SOURCE FOR ALL BALTIC STATES

16
'é 68%
g
< 12
§ 54%
§ 10 MW Lake water
<
>~ 8 River water
o)
© 6 W Seawater
I 0
= 24% M Sewage water
L 14
(© W Excess Heat
()
S 2 l Priority
G)

0 —
2030 2040 2050 2030 2040 2050 2030 2040 2050
Base Grid Tariffs Invest support
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CO, EMISSIONS FROM DISTRICT HEATING FOR ALL BALTIC STATES
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AGENDA

Estonian results
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GENERATED HEAT FOR ESTONIA
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HEAT SOURCE USAGE IN ESTONIA BASE SCENARIO IN 2050
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EXAMPLE PARNU
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TE CH TALLINN UNIVERSITY OF TECHNOLOGY

AVolkova, H.Pieper, K.Lepiksaar " Soojuspumpade kasutamise potentsiaal
Eesti kaugkuttevorkudes", ESTIS

19.04.2021 38


https://ttugis.maps.arcgis.com/home/webmap/viewer.html?webmap=e95d0f0431a7462984304204618383ae
https://www.hotmaps.eu/map

AGGREGATE EXCESS HEAT GROUP BASE SCENARIO IN 2050

= 37 district heating areas:
= 520 GWh heat demand
= 22 district heating areas with
industries:
= 300 GWh heat demand
= ILimiting factor!

= 32 industries:
= 2500 GWh excess heat potential
= 300 GWh used in 2050

= 1 x Cement, 8 x Asphalt, 7 x
Chemicals, 6 x Wood, 5 x Food,

5 x Others
= Link

¥EEH TALLINN UNIVERSITY OF TECHNOLOGY
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AGENDA

Large-scale heat pumps for district cooling
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LARGE-SCALE HEAT PUMPS FOR DISTRICT COOLING

Tarnby, Denmark

6.5 MW heating

4.3 MW cooling

Heat pump of the year 2020 (DecarbIndustry, EHPA)

Win-win for DH and DC clients

Source: www.taarnbyforsyning.dk/
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LARGE-SCALE HEAT PUMPS FOR DISTRICT COOLING

= Tartu

= Tallinn

— ising network https://www.hotmaps.eu/map
TAL https://www.hotmaps.eu/map
TALLINN UNIVERSITY OF TECHNOLOGY

TECH
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AGENDA

Electrification of the industry
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ELECTRIFICATION OF THE INDUSTRY

Primary energy consumption, GWh

2927
772

2059

-9011

\121
225

2014

955
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B Asphalt
® Bricks
m Cement
Food
m Refineries
® Other minerals
m Paper
® Wood
m Others

m Chemicals

TALLINN UNIVERSITY OF TECHNOLOGY

AVolkova, H.Pieper, K.Lepiksaar " Soojuspumpade kasutamise

Sector

Process 20 40 60 80 100 120 140 160

Wood

Glueing

Pressing

Drying
Steaming
Cocking
Staining

Pickling

70 to
100
80 to
90
50 to
80
40 to
70

Conventional HP < 80 °C
Commercial available high-temperature HP 80-100 °C, key technology
Prototype status, technology development, high-temperature HP 100-140 °C

Laboratory scale research, functional models, proof of concept, high-temperature HP > 140 °C

19.04.2021
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AGENDA

TAL
TECH

Conclusion
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CONCLUSIONS OF SCENARIO ANALYSIS

= Large-scale heat pumps and heat storage are essential to reduce GHG emissions
= Current grid tariffs are hindering heat pump implementation

= Heat source usage:
= Excess heat: most competitive, but limited availability
= Sewage water: high temperature, capacity and proximity
= Seawater and rivers: depending on availability (of other heat sources)

= Sensitivity analysis:
= |Large-scale heat pumps compete directly with biomass
= 3-way balance: large-scale heat pumps, biomass and natural gas

¥%&H TALLINN UNIVERSITY OF TECHNOLOGY
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POTENTIAL PATHWAY AND DRIVERS FOR LARGE-SCALE HPS

Sector Drivers benefiting large-scale HP implementation DK | EE | LV LT
Heat Ownership structure of DH networks enabling long-term investments
Heat Low operating DH temperatures _
Heat High proportion of citizens supplied by DH
Heat Experiences and knowledge with heat pumps and communication between actors -
Heat, Power |political targets for a sustainable supply of power and heat in the near future
Heat, Power |Tax system and tariff structure to ensure reasonable low electricity costs
Power Sustainable generation of power
Power Security of power supply
Power High proportion of fluctuating, renewable power generation
Fully applies Applies to a large extent Applies to a small extent -Does not apply
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TECH
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REASONS FOR HEAT PUMP DEVELOPMENT IN DENMARK

Wind energy share on final
electricity consumption, %
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REASONS FOR HEAT PUMP DEVELOPMENT IN DENMARK
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MODELLED DISTRICT HEATING AREAS IN THE BALTIC COUNTRIES

Estonia (TWh):

TECH

8 individual areas (2.76)

Areas with access to
excess heat (0.53)

Areas without heat
sources (0.24)

Areas with access to only
rivers (0.09)

Others (0.07)

Latvia (TWh):

TALLINN UNIVERSITY OF TECHNOLOGY

AVolkova, H.Pieper, K.Lepiksaar " Soojuspumpade kasutamise potentsiaal

9 individual areas (4.68)

Areas with access to
excess heat (0.82)

Areas without heat sources
(0.47)

Areas with access to
sewage water plants (0.28)

Others (0.12)

Eesti kaugkittevorkudes", ESTIS

Lithuania (TWh):

13 individual areas (7.23)

Areas with access to
excess heat (1.09)

Areas without heat
sources (0.19)

Others (0.46)
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SENSITIVITY ANALYSIS: BIOMASS PRICES £33%
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SENSITIVITY ANALYSIS: CO, PRICES £33%
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