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[1] European Commission, “Overview of District Heating and Cooling Markets and Regulatory Frameworks under the Revised Renewable Energy Directive”, 2021,
Available; https://irees.de/2021/10/18/district-heating-and-cooling-trend-interactive-report/ (accessed November 5, 2025).

[2] Henrik Lund et al., “

4th Generation District Heating (4GDH): Integrating smart thermal grids into future sustainable energy systems”, Energy, 2014.
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Waste Industrial Solar .
incineration excess thermal Geothermal Sewage Biomass
[1] 2025 Bilbao, Spain 3rd, 5th x x x x x x x O
[2] 2025 Akita, Japan 3rd, 5th x @) x x x x x x
[3] 2022 Aalborg, Denmark  3rd, 4th O O O O @) X @) @)
[4] 2022 Gaziantep, Turkey 4th x x x O X x x O
[5] 2020 Milano, Italy 4th x x x x x x O @)
[6] 2019 North Japan 3rd x O X x x x O x
[71 2016 Hirosaki, Japan 4th x x x x x x O x

E%@GBGDH#MGDH/\oﬁzﬁl:Ba?%f‘ﬁ TR TIE. R4 BEVREZTREL TS,
o DHSHATFEELGWHIEZ X R E LIS ITHR TlE. AGDHOF] S THAELRDEEDOF AL EEEIN TR,

» EEZODHSH FE LA WIS (LB W T, AGDHZEEL (IEMOEEZFIAT AL CLBELEE
FEEEZRAGNNCT B,

[1] Luis Sanchez-Garcia et.al, “Feasibility of district heating in a mild climate: A comparison of warm and cold temperature networks in Bilbao”, Applied Energy, 2025.

[2] Takaaki Furubayashi et.al, “Design and analysis of a district heating and cooling system that uses waste heat and dumped snow in Akita City, Japan”, Energy Conversion and Management: X, 2022.

[3] Peter Sorknaes et,al. “The benefits of 4th generation district heating and energy efficient datacenters”, Energy, 2022.

[4] Shahab Eslami et.al, “District heating planning with focus on solar energy and heat pump using GIS and the supervised learning method: Case study of Gaziantep, Turkey”, Energy Conversion and Management, 2022.
[5] Niccolo Aste et.al, ” A renewable energy scenario for a new low carbon settlement in northern Italy: Biomass district heating coupled with heat pump and solar photovoltaic system” , Energy, 2020.

[6] Shin Fuijii et.al, “Design and Analysis of District Heating Systems Utilizing Excess Heat in Japan”, Energies, 2019.

[7] Ivar Baldvinsson et.al, “A feasibility and performance assessment of a low temperature district heating system — A North Japanese case study”, Energy, 2016.
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EEHPE (LHD) ; BEERY M-I DMEERTIEE

) Heat demand [GWh/year] E WL 132
| o

H . Heat demand []]
E 0-5 LHD =

20 Heat pipe length [m
B 10-30 pip gth [m]
B 30-50 [
— 3 [1] [1] [1]

DH plant DH plant ~ LHD; DH plant

A Waste incineration plant
A Industrial facility D D LHD, D DHS network
A Wastewater treatment plant E E

) [3] [3] [5]

LHD, > LHD, > LHD;

\—\,\’\/‘ 1) Mesh with largest heat 2) Calculate LHD between DH 3) Connect the highest LHD
demand has a plant of DHS. plant and other meshes. mesh to DHS network.
DH plant LHD; LHD,’ DH plant
"
LHD; LHDy’

LHD,"> LHD, > LHD; > LHD,’

4) Calculate LHD between connected 5) Connect the highest LHD mesh to
meshes to DHS and other meshes. DHS network. (Repeat 2,3, and 4)

[LHD #* 10.8 GJ/mB! Z T[54\ E WS HIH D CULIBEE R RS

5 10 km

[1] B4 REPOS, "##7—4", https://repos.env.go.ip/web/data/mounted data.
[2] &7k 2KEE et al, "EERBRECEDOGHEMEIGRY M-V OREFIEOBE, AAEMT S, 2021,
[3] A. Dalla Rosa et.al, “District heating (DH) network design and operation toward a system-wide methodology for optimizing renewable energy solutions (SMORES) in Canada: A case study”, Energy, 2012.
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[2] U.Persson and S. Werner, “District heating in sequential supply”, Applied Energy, Volume 95, July 2012, Pages 123-131.

Bl BEFEXEE ERIXNY-F, "HREIRIF-Ht"

M REEEENRIAFEEETE - BE-LAKRGE JIVEEERAVERES - ARBIEVITY I, https://eegs.env.go.jp/ghg-santeikohyo-result/#main

[5] Clemens et.al, “Estimating the global waste heat potential”, Renewable and Sustainable Energy Reviews 57 (2016), 1568-1579.

[6] ZREEA REPOS, "MT YU vIUIEHR".

[7]1 KEEMRETIVY-IT L, "T=FIC2WT, http://www.amaterass.org/data.html

[8] &FEM™, "TAEEEME", https://www.city.aizuwakamatsu.fukushima.jp/category/bunya/gesuidotoroku/gesuido-jigyo/

[9] Hepbasli A, Biyik E, Ekren O, Gunerhan H, Araz M. A key review of wastewater source heat pump (WWSHP) systems. Energy Convers Manag 2014;88:700-22.
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« DEEMTHEEORAEE: 7724 [T)/year]

o HWIFAHIE AT ATHGINIATFE .
2298 [T)/year]
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« EEEDRS: 212 [km]
« EEEZRE (LHD) : 10.9 [GJ/m]
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[1] DHC Trend - IREES GmbH n.d. https://irees.de/2021/10/18/district-heating-and-cooling-trend-interactive-report/ (accessed November 5, 2025).
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[1] JEPX, "EXB| /35T —7", https://www.jepx.ip/electricoower/market-data/spot/ (2025511858771 2)
2] EHALE S, “sEERIEE LB EEZE(CDWT, https://www.tohoku-epco.co.jp/dprivate/rule/consignment/ (2025211 H5B 771 A)
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[1] A.M. Jodeiri et al., “Role of sustainable heat sources in transition towards fourth generation district heating — A review”, Renewable and Sustainable Energy Reviews, 2022
[2] leva Pakere et al., “Multi-source district heating system full decarbonization strategies: Technical, economic, and environmental assessment”, Energy, 2023.
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Heat pipe

* Pipe diameter

d; = 0.0486x In (Sl) + 0.0007
l

* Pipe heat loss
ts + t,
q; = KX(ZT[ . di' Li)X(

d : Pipe diameter [m]

Q : Transported heat [J/year]
L : Pipelength [m]

i : Each pipe [-]

—t,) 8760
q : Pipeheatloss [J/year]
K - Heat transmission [W/m?3K]
coefficient
. Pipe diameter [m]
. Pipe length [m]
t; : Supply temperature [°C]
(=60°C)
t, : Returntemperature [°C]
(=30°C)
t, : Ambient temperature [°C]
(=12.9°CBY)
i . Each pipe [-]
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* Pipe investment cost
Ii = (Cl + Cz . di)XLi

I Pipe investment [euro]
cost
Pipe diameter [m]

L Pipe length [m]

C, : Construction cost [euro/m]
constant (=212)

C, : Constructioncost [euro/m?]
coefficient (=4464)

i Each pipe [-]

[1] Svend Frederiksen, Sven Werner, “District Heating and Cooling”, Studentlitteratur.
[2] Urban Persson et.al, “Heat Roadmap Europe: Heat distribution costs”, Energy, 2019.

Bl ELX@EE [RT, ER (BBR) FIEDE", HH ;

https://www.data.jma.go.jp/stats/etrn/view/annually s.php?prec no=36&block no=47570&year=2024&month=&day=&view=.
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Residential

Commercial

Transmission pipe Distribution pipe ﬁ

(A

Supply (60°C)

DH Plant Pump Substation

Equipment Total Inv.

(\)

costs [MEUR]

30

7/ X Domestic hot water

_ Radiator thermostat

— 3 Z N
s . ES
District heating B
substation Heat supply
|-. mnlm Heat return
District heating supply
District heating return Cold water supply

Examples of DH buildings!"

Lifetime [Year]

O&M [% of Inv.]

Pipe 175.69 40 0.59
Circulation pump 7.80 40 0.59
Substation 8.66 40 0.59
Building heat exchanger 25.62 25 1.32

[1] Danish Energy Agency, “Technology data catalogue for individual heating installations”, Available; https://ens.dk/en/analyses-and-statistics/technology-data-individual-heating-plants.
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Units Current Phasel Phase2 Phase3 Phase4 Phase5
Electricity demand GWh/year 889.5 889.5 889.5 889.5 889.5 889.5
Individual heating demand GWh/year 2148.36 1509.23 1509.23 1509.23 1509.23 1509.23
District heating demand GWh/year 0 639.21 639.21 639.21 639.21 639.21
Onshore wind MW 16.00 16.00 16.00 16.00 16.00 16.00
Solar PV MW 42.55 42.55 42.55 42.55 42.55 42.55
Dammed hydro MW 101.03 101.03 101.03 101.03 101.03 101.03
River hydro MW 7.268 7.268 7.268 7.268 7.268 7.268
Woody biomass powerplant MW 5.7 5.7 5.7 5.7 5.7 5.7
Industrial CHP for electricity GWh/year 0 0 38.46 38.46 38.46 38.46
Boiler MW 0 129.6 128.5 130.0 130.0 131.6
CHP MW 0 39 22 19 19 16
Heat pump MW 0 0 0 0 0 0
Thermal storage MWh 0 212 318 237 289 328
Waste GWh/year 0 102.02 102.02 102.02 102.02 102.02
Industrial excess heat GWh/year 0 0 336.28 336.28 336.28 336.28
Geothermal GWh/year 0 0 0 45748 45748 45748
Solar thermal GWh/year 0 0 0 0 20.00 20.00
Sewage heat GWh/year 0 0 0 0 0 60.01
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Units BAU Phasel Phase2 Phase3 Phase4 Phase5
Electricity demand GWh/year 889.5 889.5 889.5 889.5 889.5 889.5
Individual heating demand GWh/year 2148.36 1509.23 1509.23 1509.23 1509.23 1509.23
District heating demand GWh/year 0 639.21 639.21 639.21 639.21 639.21
Onshore wind MW 357 366 341 343 343 346
Solar PV MW 135 135 135 135 135 135
Dammed hydro MW 101.03 101.03 101.03 101.03 101.03 101.03
River hydro MW 7.27 7.27 7.27 7.27 7.27 7.27
Woody biomass powerplant MW 5.7 5.7 5.7 5.7 5.7 5.7
Industrial CHP for electricity GWh/year 0 0 38.46 38.46 38.46 38.46
Boiler MW 0 177.9 140.6 144.5 146.9 146.1
CHP MW 0 19 17 13 12 10
Heat pump MW 0 32 11 11 11 9
Thermal storage MWh 0 770 181 123 123 104
Waste GWh/year 0 102.02 102.02 102.02 102.02 102.02
Industrial excess heat GWh/year 0 0 336.28 336.28 336.28 336.28
Geothermal GWh/year 0 0 0 45748 45748 45748
Solar thermal GWh/year 0 0 0 0 20.00 20.00
Sewage heat GWh/year 0 0 0 0 0 60.01




2020F[CHIFBIARERTE

Onshore wind

PV

Dammed hydro

River hydro

Woody biomass powerplant
Industrial CHP

Boiler

CHP

Heat pump

Individual boilers
Individual heat pump
Individual electric heater
Waste incineration
Industrial excess heat
Geothermal heat

Solar thermal heat
Sewage heat

Battery

Thermal

MW
MW
MW
MW
MW
GWh
MW
MW
MW
MW
MW
MW
GWh
GWh
GWh
GWh
GWh
MWh
MWh

0.99
1.07
2.51
5.62
11.05
65.8
0.06
2.75
2.45
4.85
1.7

215.62
30

250
386

30

245

27
35
60
60
25
31
25
25
25
20
10
30
20
30
25
30
30
15
20

3.2

1.25

1.5
0.90
2.13
3.25
3.44
0.29
5.39
11.1

0.8

2.45

0.13

2.9
0.7
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Onshore wind

PV

Dammed hydro

River hydro

Woody biomass powerplant
Industrial CHP

Boiler

CHP

Heat pump

Individual boilers
Individual heat pump
Individual electric heater
Waste incineration
Industrial excess heat
Geothermal heat

Solar thermal heat
Sewage heat

Battery

Thermal

MW
MW
MW
MW
MW
GWh
MW
MW
MW
MW
MW
MW
GWh
GWh
GWh
GWh
GWh
MWh
MWh

0.93
0.56
2.55
5.62
11.05
60.6
0.05
34
3.18
3.10
4.02

215.62
30

250
307

30

174

30
40
60
60
25
31
25
25
25
20
10
30
20
30
25
30
30
30
20

3.4
1.32
1.25

1.5

3.4
2.15

3.4
4.03

0.3
6.61
6.55

0.8

2.45

0.15

2.9
0.7
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District heating demand and supply [MW]
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100

o
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Waste

Industrial excess
Geothermal
Solar thermal
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Boiler

TES output

DH demand
TES input
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Time



Heat [MW]
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200 I Waste
[ Heat pump
B CHP
I Boiler
I TES output
100 s DH demand
[0 TES input
0
-100
-200
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Time
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Waste
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TES output
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TES input
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