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Introduction ser @ wean

The SET_HEAT project aims to accelerate the energy transition and decarbonization of district heating (DH) in four targeted
Eastern European countries by integrating low-grade heat sources into high-temperature DH networks.
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DH systems directly involved SET@HEAT
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Bucharest (RO) Sisak (HR) Jelenia Goéra (PL)
Zagan (PL) . Tarnobrzeg (PL)
Malbork (PL) . Krapkowice (PL)
Zary (PL) Vilnius (LT) ol o Jelcz-Laskowice (PL)
Strzelce Opolskie (PL) olsztyn (PL) Kety (PL)
Opole (PL) Zagreb (HR)
Kluczbork (PL) Osijek (HR) Nowa Sél (PL)
Kutno (PL)

Grodkow (PL) Sulechow (PL)



SET_HEAT planning pathway ssiwar fSh
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Project timeframe
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SET_HEAT model development projects  se:@uear

SET_HEAT_AIR - Vilnius (LT)
2 units 4.9 MW,
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From / to District
heating system z j
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8 integrated compressors

water inlet temperature 45 °C

outlet temperature 80 °C,

ambient temperature is 0 °C

The maximum electrical power is 2.018 MW
Capacity 3606 kWt at -10 °C to 6380 kWt at +20 °C
COP 2.5

Storage of 3000 m?




SET_HEAT model development projects

SET_HEAT_ CHP - Gliwice (PL)
3 engines 7.6 MW,
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HX Characteristics
(heat transfer coefficient, fluid properties)
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SET@HEAT
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Heat pump performance at various return temperatures

g 10 Pump Return Temp. (°C) Heating Capacity (kW) Power demand (kW) COP
P60 48 144 17 8.27

., P60 60 154 28 5.57

P150 48 375 52 6.21

a w0 m  »  ® P150 60 392 78 5.04

o HP2,V1

= = Heat requi

Ambient temperature, C

HP2, V2

red for HP1, V1 = = Heat required for HP1, V2




SET_HEAT model development projects  ser@uear
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SET_HEAT_LAKE - Lake Morii, Budapest (RO)

50 MWt
(122)
Case A N
= Working fluid: iso-butane ---!---
=  multi-stage turbo-compressor ‘86’- P - 25 2 e
= |ake water at around 10°C ©8) i
= DH temperature lift 70100 °C @ [ e
= Operating load range: 25-100% ) |
10 -5 1] 5 10 15 20 25
= CAPEX s 30 EUR million e e e en e e o
o Source temperature T..; [*C] ([°F])
Case B 2600
= Working fluid: CO, oo
=  High-speed multi-stage compressor 2000
= |ake water at around 10°C , 2600
: . ° 240.0
= DH temperature lift 70100 °C 2 2200 L i
. = Qperating load range: 50-100%. s e T
rii . ory- w | |
Submersible Axial/Propelier ] CAPEX is 50 EUR million £ 1232
* 120.0
100.0
80.0 ‘
60.0 i T T
40.0 I bl
M i
0.0 ‘ |
Time, h

Heat pump = VEST + VEST Energo

Bucharest DH system, the largest in the European Union,
supplies over 500,000 households and public buildings




SET_HEAT model development projects

SET_HEAT_PTES - Opole (PL)
100,000-500,000 m?
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Charging from the DH network through the
heat exchanger

PTES

[ Y\ DISTRICT
[ | }HEATING
/‘ | NETWORK

S

Charging from a cold state in summer from the
DH network using an integrated heat pump
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—+— District heating load
—— Available total heating output
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SET_HEAT_RETAIL - Vilnius (LT)
Heat recovery 50 — 250 kW,

Condensers/! Transcritical refrigeration cycle
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. HRU Packagc B 8 ﬁfj &

— T Flash Gas valve I T T 109 |

; ; - = = g tank s e 3 V111 LT,

1105 2*10° 3*10° 4*10° 510 610

— |Vl e
L
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(a) System configuration (b) Pressure-enthalpy diagram

H

:

H

' Low tomponluro evaporators o 1
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= ——) H

HE S4 () 5
18 o - :
33 _%_ BZ Parameter Typical Value / Range
= D ’ [%Wm_'@ System Type CO, (R-744) transcritical refrigeration
Fi() : Heat Recovery Capacity 50 — 250 kW
] Max Water Outlet Temperature Upto80°C
Water Flow Rate 1-10 m%¥h
Water Temperature Rise 0-40°C
Heat Exchanger Type Brazed plate heat exchanger
Electrical Power (Pump + Control) 0.5-1.5 kW
Dimensions 1.0-25m(L),0.8-1.5m(W),1.2—-2.0m (H)
Payback 5 years
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SET_HEAT_WATER
Zagreb (HR) - 167,404t MWh/y
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Heat duty 21 MW
Investments 20 MEUR
Discount rate 7%

Loan 10 years
Natural gas price 41 €/MWh

CO, price 65 €/ton

> Q?bfas:ezg.o@ LA i Performance indicator Value

5,544,179 EUR

13%
1.3

Payback period (y) 8
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SET_HEAT_SEWAGE - Opole (PL)
8-15 MW,
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=  Thermal output capacity: 1.5 MW

from WWTP L. i
= Heat source: treated wastewater (via intermediate exchanger)
[ - i =  Effective heat source inlet: 10-25 °C
' intermediate heat !
) oleanec P exchanger | " [* connection *  Heat sink output temperature: 55-65 °C
wastewater | optionally - depending | pump to DH grid H
buffer tank I ontheselected | unit(s) f—» =  Refrigerant: R1234ze
¥ | peotpumpvarian: | = COP range: 3.6-4.0
=  Compressor type: oil-injected screw (high-efficiency)
+ ’ =  Electrical input power: 350-400 kW per unit
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Time, h
W Waste incineration plant  m Gas engine CHP 1 Gas engine CHP 2 W Sewage treatment plant
m Cement plant m Storage m GT CHP m Additional sources of heat

Gas boilers m Coal CHP M Coal boilers



SET_HEAT model development projects  ser@uear

SET_HEAT_SOLAR
Bucharest (RO) — distributed rooftops
Zepresic¢ (HR) - 2,860 MWh/y

Main heating sources SC: 6355.36 m*
(MHS)

40T

HP (2.5MW)
* Dashed lines mean heat transferred indirectly.

= Number of TVP MT-Power collectors: 2 040
= Area occupied by collectors: 3 998.4 m2
= Collector orientation: 10.4° southwest
= Collector's Angle: 35°
= Medium in collectors: water
» Qutput temperature from the solar field:
o Summer: 76 °C
o Winter: 91 °C

if t = 55°C + 60°C

ot water from solar panels] ANEXA 3




Summary model development project
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SET_HEAT SEWAGE
SET_HEAT RETAIL
SET_HEAT RIVER
SET_HEAT LAKE
SET_HEAT AIR
SET_HEAT SOLAR
SET_HEAT PTES
SET_HEAT _CHP

All projects are supported by

* Legal, environmental and socio-economic
studies

* Business models and financial studies

* Investment plans

» Sustainability, replication, and exploitation
of project results

SET ¢ HEAT
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Thank you For your attention! SET@HEAT fsb

Q&A session

SET @ HEAT https://setheat.polsl.pl/

___________________________________________________________________________________________________________________________________

Stanislav Boldyryev
=} ~ stanislav.boldyryev@fsb.unizg.hr
- @StBoldyryev :
m https://www.linkedin.com/in/stanislav-boldyryev-ua- 98570426/

___________________________________________________________________________________________________________________________________

https://www.fsb.unizg.hr/
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