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IEA DHC - INTERNATIONELLT FORSKNINGSSAMARBETE
OM FJARRVARME OCH FJARRKYLA

Lina Enskog Broman,

Ansvarig fjarrvarme, fjarrkyla och kraftvarme

Energiforetagen Sverige
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Cross-cutting
IEA C3E: Energy in transition
IEA ETSAP: Energy technology systems modelling programme

Buildings

I[EA 4E: IEA TCP Enerii Efficient End-use EiuiiJment

IEA EBC: Energy in Buildings and Communities
IEA ES: Energy Storage
IEA HPT: Heat Pumping technologies

Electricity
IEA ISGAN
IEA Users

Industry
IEA IETS

IEADHC DISTRICT HEATING AND COOLING
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Transport
IEA Combustion
IEA HEV: Hybrid and electric vehicle

Fossil Fuels
IEA FBC: Fluidized Bed Conversion
I[EA GHG R&D

Renewable Energy

IEA Bioenergy

IEA Hydrogen

IEA Wind

IEA OES: Ocean Energy Systems
IEA SHC: Solar Heating and Cooling

@Energimyndighefen
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ar IEA DHC?

TCP = technology collaboration programme

* Fjarrvarme, fjarrkyla och kraftvarme

« Startade 1983 med 10 ingaende lander

« Gemensam finansiering samt sekretariat (Tyskland)

* Huvudsakligen genomfors programmet genom "cost
share”

 Aven ett antal "task share” (7 hittills)

» Forskningen organiseras i ett antal "Annex” pa tre ar

» Ca 90 forskningsrapporter, handbo6cker, riktlinjer hittills

publicerade
e INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING



f16 lander i IEA DHC-samarbetet ¥
—— * “\\\\\\\\
USA (stédmedlem via IDEA) NY: EStland

Sverige Belgien

JERLGLE

Danmark

Italien

Finland

Kina
Korea

Norge Tyskland

Osterrike

Storbritannien

e INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING



Utlysning till Annex XIV (28 feb) med féljande teman:

Minst 2 lander ska inga i forskningsgruppen — projektledare fran

Fjarrvarme med fossilfria energikallor
Flexibilitet

Digitalisering

Affarsmodeller

Tariffstrukturer

Undercentraler

medlemsland

TS 1-3 avslutade, TS 4-7 pagar

Se hemsidan for rapporter, aktuella annex, utlysning m.m.:

nttps:/wvsesga-dNGNGERNGIBRAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON

IEADHC DISTRICT HEATING AND COOLING



https://www.iea-dhc.org/home
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« Paverka fjarrvarmeforskningens inriktning internationellt
« “Valuta for pengarna” via manga svenska projekt

« Manga svenska forskare deltar i andra landers projekt

« Ta hem kunskap fran lander dar stor utveckling sker

* Vidga samarbeten med andra lander

« Skapa kontakter mellan forskningsorganisationer

« Bidra med kunskap och lang erfarenhet

« Bidra till andra landers klimatmal

* =>men battre spridning av resultat behdvs

e INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING
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|[EA DHC Annex TS5
Urban Persson (Hogskolan i Halmstad)
TERMO Webinarium 2023-02-24

International Energy Agency Technology Collaboration Programme on
District Heating and Cooling including Combined Heat and Power




Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Innehall
— Energisystemperspektivet :
. . Technology Collaboration Programme
— Utmaningarna i fokus wiea

— TS5-projektet
— Nagra axplock

e Subtask A
— Work item A.1: State-of-the art
review on RES DHC

— Work item A.2: Inventory of RES
technologies for DHC

— Work item A.3: Methodologies for RES nd COO' g S D
potential assessment ; 'n \\y5tems R
* Subtask B — AR p*
— Work item B.4: Development of cppannBBRERRRY
transformation guidelines

e Subtask C
— Work item C.3: Case studies and pilot
studies =
&9 wregyy,
. ONALEN
Resultat och slutsatser msrchHEArmeizgrzggL o
HIO|_|GA§5$|A_§N 2023-02-24 IEA DHC Annex TS5/TERMO Webinarium/U. Persson




Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

* Energisystemperspektivet

Wind“\ ST B Electricity demand: 1,15 TWh
d' i ” o Solar PV: 0,01 TWh Q Electricity
— Det traditionella - s TW g Electity
So|ar

Solar Thermal: 0 TWh

energisystemet

* Fossila branslen principiell
kalla till alla
anvandningsomraden

Excess | dA T

heat

DH demand: 2,06 TWh

I “ District
Heating

HPs & Electric
heating

0,09 TWh
0.32 TWh \_Indv. heating: 0,5 TWh
S § ndvidual

/ Heating
0,09 TWh/ L

A
Coal - 3,51 TWh

0.48 TW CHP (incl.
Boilers) & Waste

=
\
\
X

Fossil Fuels

— El, vdarme, kyla, transporter
och industriella processer o H

- Fj é r rVé r m e Ngtural i . Transport : 2,15 TWh

« Exemplet Alborg (DK) S—_—— - o -,,,h
* Fossilbaserad kraftvarme e :

dominerar, viss biomassa

Industry : 1,03 TWh

PR Y A

och avfallsférbranning L — .
. . o . . Kalla/referens: Sankey diagram of Aalborg's energy system in 2018 based on the results of the EnergyPLAN simulation of the 2018 model.
* Viss varmeatervinni ng It shows the yearly input of primary energy and how it is utilised in various conversion technologies to supply the energy demands.
In: Thellufsen, J. Z., Lund, H., Sorknaes, P., @stergaard, P. A., Chang, M., Drysdale, D., . . . Sperling, K. (2020). Smart energy cities in a 100%
* Ingen fja rrkyla renewable energy context. Renewable and Sustainable Energy Reviews, 129, 109922. doi: https://doi.org/10.1016/j.rser.2020.109922

HOGSKOLAN
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

0,04 TWh

* Energisystemperspektivet
— Det uthalliga

Electricity demand: 1,41 TWh

Wind + O Electricity

W Demand
energisystemet
. . e 0,5 TWh
¢ Fornybara branSIen So!ar Solar Thermal: 0,04 TWh | / e Transport
rincipiell kalla till alla il
p . p . o 3iomass e ao.os'rwn”
anvandningsomraden oS B Losses

ete. CHP (incl.
Bollers) &

Waste

Geothermal

7 e
! 0,13 TWh (m) Individual HPs: 0,21 TWh Individual b
Heating

osses

— El, varme, kyla, transporter
och industriella processer

. 001TWh
,z'rwrxg 1,07 TWh

.o .e : HPs & Geothermal: 0,25 TWh
— Fjarrvarme .
* Exemplet Alborg (DK) sl A e . o
. . Excess | 5 TWh i Hesati ng
* Bio-baserad kraftvdrme och ™« == e m—
varmeatervinning Caing: 2979 g oot
. . Cooling
dominera r, samt viss oaxwy s Cooling
i 0,13 TWh ______Industry: 0,45 TWh 1
geotermi och el et
1 — 1 = |
° FJa rrkyla | Kalla/referens: Sankey diagram of Aalborg's energy system in 2050 based on the results of the EnergyPLAN simulation of the 2050 scenario.

It shows the yearly input of primary energy and how it is utilised in various conversion technologies to supply the energy demands.
In: Thellufsen, J. Z., Lund, H., Sorknzes, P., @stergaard, P. A., Chang, M., Drysdale, D., . .. Sperling, K. (2020). Smart energy cities in a 100%

.. renewable energy context. Renewable and Sustainable Energy Reviews, 129, 109922. doi: https://doi.org/10.1016/j.rser.2020.109922

2023-02-24 IEA DHC Annex TS5/TERMO Webinarium/U. Persson 13

VAR VAR VARY



https://doi.org/10.1016/j.rser.2020.109922

W HOGSKOLAN
| HALMSTAD

Men hur?




Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

* Utmaningarna i fokus

— Omstéllning fran traditionell produktion baserad pa dominerande andel fossila energislag
* Effekt- och energibehov pa arsbasis, sdsongsvariationer, tekno-ekonomi, vad finns tillhands lokalt?
* Energieffektivisering, forutsattningar for minskade varmebehov, synergier, varmeatervinning, laststyrning

etc. / \

0% 0% o
e
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Leistung [MW]
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Figure 3: Heat Load and Generation of the District Heating System of Stadtwerke Marburg for 2022. Fgoe- 4 e Loes dng Ceneraion Ol IS PISo. HeaHng Sy ot SRstwerke Merany Tor 404

~ 1 1
Kalla/referens: IEA DHC TS5 — Subtask B: Collection of case studies. Suggestions for the transformation of the district heating system of Stadtwerke Marburg based on
theoretical approach (Draft 2022, not published). Authors: Simon Goppel, Stefan Hay (AGFW), Dr. Frank Dammel (TU Darmstadt).

>
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Utmaningarna i fokus

— Omstallning fran traditionell produktion baserad pa dominerande andel fossila energislag
* Fornybara teknikslag
— Omvandlingstekniker, nuldage, metoder for att berdkna integreringspotentialer ‘
* Principer for omvandling och férandring :
— Transformationsprocesser, flaskhalsar, planeringsverktyg, riktlinjer
* Lokala forutsattningar
— Tekniska koncept, lokala fallstudier

* Icke-tekniska fragor
— Berdkningsmetoder for indikatorer

— Ekonomi och affarsmodeller
— Transparens och publikt engagemang
— Styrmedel och rekommendationer

Kalla/referens: IEA DHC TS5 — Subtask C: Decentral integration of RES into DHC systems. WI.C1 — Case studies collection and analysis.

Till vanster: Extent of the Greater Copenhagen DH system (CphDH). Hgje Taastrup (HTF) in the red area.

Till héger: Planned datacenter, heat pumps in the technical buildings (yellow). Turquoise lines mark connection pipes to the five (six) blocks of the datacenter, green
line going West-North is a 600 m transmission line to a substation, connecting the heat pumps to the transmission grid. (Draft 2023, not published). |

Authors: Max Guddat, Per Alex Sgrensen (PlanEnergi), Eds: Caputo P., Dénarié A., Ferla G., Spirito G. (Politecnico di Milano).

HOGSKO LAN 2023-02-24 IEA DHC Annex TS5/TERMO Webinarium/U. Persson 16 | \
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e TS5-projektet

— Subtask A - RES technologies for DHC
* Country reports
* Technology fact sheets
* RES potential assessment

— Subtask B - Transformation of large DH

systems to higher shares of RES

* Transformation bottlenecks and enablers
* Planning tools
* Structuring of transformation guideline

/ Country

RES
technologies

DHC system
 Case study collection
* Technology review
— Non-technical aspects
* Approaches for analyzing stakeholder

involvement etc.
“ HOGSKOLAN
| HALMSTAD 0

IEA DHC Annex TS5/TERMO Webinarium/U. Persson

- reports L |
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S Potentials

{ Technical

Planning

Large DHC
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O Linkt I
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e TS5-projektet
— Subtask A - RES technologies for DHC R I/ |
* Country reports :.__J.\nnex TS5 steering team | ““\\\"i\
* Technology fact sheets SN NI
* RES potential assessment
Y . Thomas Pauschinger Per Alex Soerensen \
— Subtask B - Transformation of large DHC %  AGFW.DE PlanEnergi, DK
‘ Operating Agent Subtask A lead i
¥
i Urban Persson
— ) Halmstad University, SE

systems to higher shares of RES

— Non-technical aspects
* Approaches for analyzing stakeholder

involvement etc.
19

HOGSKO LAN 2023-02-24 IEA DHC Annex TS5/TERMO Webinarium/U. Persson
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* Transformation bottlenecks and enablers Heiko Huther _
. y AGFW, DE . Work it
* Planning tools ) emA.3 lead
* Structuring of transformation guidelines — X,go T /
— Subtask C - Decentral integration of RES into \ AGFW, DE Su;;;fg%g
DHC system \
. Ali Rz o
* Case study collection péﬁfefggjg‘j - /
. llano, |T
» Technology review &, Subtask C leag
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e TS5-projektet
— Subtask A - RES technologies for DHC
* Country reports
* Technology fact sheets
* RES potential assessment

— Subtask B - Transformation of large DHC
systems to higher shares of RES

* Transformation bottlenecks and enablers

sl

Working Phase

— Subtask C - Decentral integration of RES int@aouc e ,.

* Planning tools

e Structuring of transformation guidelines

* Scope: Integration of high shares of rene
sources (RES) into existing
with CHP ang surplus heat.

Focus on existing DHC System

DHC systems in combination

S (urban, large)

wable energy

DHC system

tive in TS5 AT
g -AT, BE, CA, cN
» KR, NO, UK, SE, s, Observers: HR J’PDZ'IDK,

 Case study collection
* Technology review

— Non-technical aspects

2

* Approaches for analyzing stakeholder

involvement etc.
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Nagra axplock
— Work item A.1: State-of-the art review on RES DHC

* 5th revision report issued describing the DHC system in
aspects:
— The DHC history in the country.
— Political objectives.

— Status of shares of RES divided in fuels: biomass, solar thermal, heat
pumps, geothermal heat, waste incineration, surplus heat from
industries, etc.

— Obstacles and opportunities for RES transition.
— Status for sector coupling (power to heat, integration of electricity in
the heating sector).
e Countries covered and authors:

— Austria — AEE, Canada — Canmet ENERGY, China - Beijing District
Heating Group, Denmark — PlanEnergi, France — CEA, Germany — AGFW,
Italy — PoliMI, Sweden — HU, Switzerland — Planair.

HOGSKO LAN 2023-02-24 IEA DHC Annex TS5/TERMO Webinarium/U. Persson
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Nagra axplock
— Work item A.1: State-of-the art review on RES DW

* 5th revision report issued describing the DHC syste

aspects:
— The DHC history in the country.

*100% S o i
e 111 = N |
— Political objectives. 7o~/.I , ,, ’,,,,,,, ,,, |

— Status of shares of RES divided in fuels: biomass, solar thermal,
pumps, geothermal heat, waste incineration, surplus heat from

industries, etc.
— Obstacles and opportunities for RES transition.

the heating sector).
e Countries covered and authors:
— Austria — AEE, Canada — Canmet ENERGY, China - Beijing Distri&ﬁno‘%mﬁlae,fru/e,s&“/as:e,
B MEMO: Narurstms o 2/ Wind/othey €eat, electric:
Heating Group, Denmark — PlanEnergi, France — CEA, Gergpan KGRy, e ey ® Memo: Non.Reneyapies tbiotunts
ltaly — PoliMI, Sweden — HU, Switzerland — Planair. r ' i =

~
HHHHH
~ -~

mo: %”EWBb\es

2
2
2
2
2
2
2
2013
2014
2015
2016
2017
2018
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Nagra axplock

— Work item A.2: Inventory of RES technologies for DHC
* 9 factsheets and 4 applications completed

[t e

(o

IEADHC R NG AN

(5
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IEADHC T HEATING AN

IEA DHC ANNEX TS5
INTEGRATION OF RENEWABLE ENERGY SOURCES |
EXISTING DISTRICT HEATING AND COOLING SYSTE

IEA DHC ANNEX TSS
INTEGRATION OF RENEWABLE ENERGY 5O
EXISTING DISTRICT HEATING AND COOLING

IEA DHC ANNEX TS§
INTEGRATION OF RENEWABLE ENERGY SOURCES INTO
EXISTING DISTRICT HEATING AND COOLING SYSTEMS

IEA DHC ANNEX TS5
INTEGRATION OF RENEWABLE ENERGY SOURCES INTO.
EXISTING DISTRICT HEATING AND COOLING SYSTEMS
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1EA DHC ANNEX T55
INTEGRATION OF RENEWABLE ENERGY SOURCES INTO
EXISTING DISTRICT HEATING ANO COOLING SYSTEMS

TECHNICAL FACT SHEETS -
FLUCTUATING ENERGY
COUPLED WITH HEAT PUMPS
AND THERMAL STORAGE

INTEGRATION OF RENEWABLE ENERGY SOURCES INTO
EXISTING DISTRICT NEATING AND COOLING SYSTEMS

TECHNICAL FACT SHEETS -
SOLAR THERMAL COMBINED
WITH LONG TERM STORAGE

1EA DHC ANNEX TSS
INTEGRATION OF RENEWABLE ENERGY SOURCES INTO
[EXISTING OISTRICT HEATING AND COOUNG SYSTEMS

TECHNICAL FACT SHEETS -
EXCESS HEAT FROM DATA

CENTRE UTILISED AS HEAT
SOURCE FOR HEAT PUMP

1EA DHC ANNEX TS5
INTEGRATION OF RENEWABLE ENERGY SOURCES INTO
EXISTING DISTRICT MEATING AND COOLING SYSTENS

TECHNICAL FACT SHEETS -
CONTROL SYSTEMS FOR DHC
WITH MANY PRODUCERS

IEA DHC Annex TS5/TERMO Webinarium/U. Persson




Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Nagra axplock

— Work item A.3: Methodologies for RES
potential assessment

* Assemble examples (reports, papers etc.) of
approaches and methodologies used for
assessments of RES potentials related to DHC
systems

— To establish an overview understanding of commonly
used methodologies for RES potential assessments
and their key characteristics

* Analyze used methodologies by a set of
dimensions to identify:

— Progress of approaches, tools, and ideas over time
— Suitability of various approaches by local conditions

* Expected output and target groups
— Guidelines and instructions for heat planning
— Utilities, regions, municipalities etc.

HOGSKOLAN
| HALMSTAD

2

2023-02-24

Dimensions by which methodologies to
assess RES potentials for DHC are analysed:
* Distribution

* DI1. Location

 D2. Coherency (Aggregation)
* Relation

* R1. Spatial constraints

* R2. Temporal constraints

* R3. Systemic constraints

* R4. Spatial and temporal constraints

* R5. Spatial and systemic constraints

* R6. Temporal and systemic constraints |

* R7.Spatial, temporal, and systemic
constraints (Optimisation)

-

IEA DHC Annex TS5/TERMO Webinarium/U. Persson 25
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

ww Deep geothermal Waste incineration w [ndustrial surplus heat

* Nagra axplock i —E
— Work item A.3: Methodologies for RES
potential assessment

* Example: District Heating Roadmap for
Hamburg

Heat demand/output in GW

\\
\\
\
\\ /
\:

— Combination of various approaches (Hotmaps,

ReUseHeat, HRE, Other---) lJan  1-Feb 1-Mar 1-Apr I1-May 1-un  1Jul  1-Aug  1-Sep 1-Oct 1-Nov 1-Dec
— Current: ~4.0 TWh/a (supply), RES share of 13.8%, i e ]
o Hard coal Natural gas * Waste incineration
130 C (forwa rd) =0rganic waste and biomass —[ndt:slriasl surplus heat —Scw;gc wu(crllwalpumps
. . m P2H/Hydrogen m Solarthermal Deep geothermal
— Technical potential: 22.4 TWh (current), 8.5 TWh o Dt centers v hcat pumnps o Scrvice sector /
( 2 0 5 0 ) I Metro stations = Heat demand
— Possible site locations: “Qualitative evaluation - \
regarding geographical availability of heat source, Kalla/referens: k g
. . . . . . Kicherer N, 5 3 /
distance of possible site locations to the existing Lorenzen P, 5 :
grid, availability of suitable areas for heat generators, Schéfers H. g 3
. . . Design of a & =
based on heat potential maps in a geographic District Heating :
information system (GIS) software”... Roadmap for 3 \
) Hamburg. Smart ' ] = /
» “Heat mapplng”! Energy. 2020 2025 2030 2035 2040 2045 2050
2021:100014. Fig. 7. Exemplary transformation path for the decarbonisation of Hamburg’s DHS.
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

o « (Fbuildings> Effective width
* Nagra axplock - computatn
. . * ¥ Centralized heating system é l - =
— Work item A.3: Methodologies for RES Hestgemang | [ Olwbmoncaptacost | | TeCRIPOEEE TR sceeptabi
) es(fmation- : :W‘:‘; (Sum of heat demand for those census areas
potential assessment el poowne IR S e <Conm)
. . associated to AIRU) o MinPts. n
* Example: RES-based DH in Milano : E’:,-,?,_u,,w-.“hm.,.m

— 6-step approach:

economic potential of DH

chind J—
» 1. Heat demand (DH share), four mapped _,_,Mff—--f"”’
. . . Heat sources’ recoverable | — v
scenarios, technical potential heat estimation e —
. . cost estimation
» 2. DH pipe lengths and costs (modelling) | e B
. . . . retr from Italian DH utilities
» 3. Suitable regions by clustering algorithm ® [ Weat generation cost | et .
» 4. Identification (mapping) of existing RES and
i i DH total cost (a+b+c) Comparison Individual heating system cost
EH sourc.es, usage potential estimated " /MWh) i — | e
(generation cost) 1 (eries rom OEA g nd
apted to the Italian case

» 5. Economic potential in each cluster assessed
and aggregated

» 6. DH deployment expressed by economic

DH economic potential assessment I

Figure 2. Schematic representation of the methodology developed and used in this work for DH potential assessment. Step
1in yellow, step 2 in orange, step 3 in red, step 4 in green, step 5 in blue and step 6 bolded in black. Boxes labelled @, b and ¢

potenti al are summed in step 5 to obtain DH total cost.
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Kalla/referens: Spirito G, Dénarié A, Fattori F, Motta M, Macchi S, Persson U.
Potential Diffusion of Renewables-Based DH Assessment through Clustering and Mapping: A Case Study in
Milano. Energies. 2021;14:2627.
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Nagra axplock

— Work item B.4: Development of transformation guidelines

 Overgripande malsattning:

: - . . : Overview current
— Develop transformation guideline based on international case studies.

case studies:

. N 0 e Graz, Austria
Identification , ,
« Bottlenecks, challenges and key Data, methods & tools for planning ’ LV”{’ Uk':ame
enablers and simulation * University
» Steps and interventions campus,
~ : J . , Darmstadt
\) (/ * Marburg,
Development transformation ] Germany
[ guideline J * Verona, Italy
l - * [linz, Austria
*  Frankfurt,
[ Application transformation guideline] l Germany
on pilot studies

N

s

N
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Nagra axplock
— Work item C.3: Case
studies and pilot studies | I

* There is an important Toeortecnons| @
ype of Technology

untapped potential to . =
supply DHC systems with g

Stage of the project of the case studies

[ J

®

ASPECTS Temperature Levels [¢)
Expected Benefits vs Challenges @

Case studies collected:

®®oeoeoe

case study report

heat from small-size & ——  mpenertion N
distributed local sources. e e B
. . raulic Aspects . .
— Operational conditions of the§ | ***® o Themalspects| @ PoliMi - Merezzate+
© €nia in comparison to Common fssyes |
o infctzsmte:ation o P,anEnergl -HP Datacenter

network in peripheral feed-in
points...

* Contributions (relevant case
studies) received from
partners have been
collected, revised and
included in the report by
mean of a navigation
matrix.
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Authorization
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

* Resultat och slutsatser T
— Uppdatering av nuvarande kunskap kring fornylpa s e s | e | ey
energislag i fjarrvarme/fjarrkyla sett urett T f [ "f f /[
’ 2w [ | Ji 11

2

\

internationellt perspektiv, fér 6kad gemensam | | —
120000 == —] ] Y Greece —
forstaelse och for 6kad tillampning pa nationella igL/ | | | [ 5s
:zb /‘ [ ‘r | ,/

varmemarknader! T
* National RES DHC state-of-the-art reviews : gD | — =
* RES DHC technology fact sheets v | K /DL

* RES DHC potential assessment methods

Mat
o~ ! Netherlands
100
)
Ll
@
»
0
Sloverua
120009 Spain
100000 Swedsn
P Unaedp Numer; ato De ved
w0 Numer. a(o Den ved
o
2009
0
evaH e
rator
Heat

— Heat planning guidelines!

* Case studies
* RES DHC transformation guidelines
(technical and non-technical)
* Report on decentral integration of RES in DHC

erator: Deriy,
Heat ed Numer, erator Dg orvod
Heat

]
[]
\NVAVA

* Dissemination activities
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Integrering av fornybara energikallor i befintliga fjarrvarme och fjarrkylasystem

e Nagra axplock

— Work item C.3: Case
studies and pilot studies

PlanEnergi - HP Datacenter
* Transition from Coal-CHP to Biomass-CHP

* Decentralised integration of waste heat

* There is an important
. Solites -SWD.SOL Il
unta ) ped pOte ntial to *  Existing District Heating System from Datacentre (30MW)
su p p Iy DH C Syste ms Wlth * Decentralized feed-in of solar thermal g
energy into a large urban DH

heat from small-size :

distributed local sources. =y &
— Operational conditions of the

TU Darmstadt - WHU Campus

network in peripheral feed-in 5
evelopment of the pey energy concept

oints... e
0 for the Umversny Campus (transition

- ;
* Contributions (relevant case Eva,uaﬁonOfdzr:n':‘r:i‘;g;istoREs)
€gration

studies) received from Ofsolar thermal energy, st heatar
partners have been geothermal energ,
collected, revised and
included in the report by
mean of a navigation
matrix.

TU Dresden - Solstand
* Existing District Heating System
* Decentralized solar th i
erm ion j
M T al integration in

Poliv; - Merezzate+
New District Heat
Decentralizeq
Integration,

ing System
rooftop solar thermg| Plants
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Bakgrund

* Potential for soldriven fjarrvarme i Sverige 0.17 — 6.0 TWh/ar
(Energimyndigheten, 2021)

* Potentialen mycket beroende pa ekonomiska randvillkoren
* FOr 6vre spannet av potential kravs stora varmelager och anvandning
for flera andamal (systemnytta)

e Storskalig fjarrvarme pa manga platser i Danmark
e ~500 kr/MWh i Danmark
* Nagra med stora groplager for sdasongslagring

Dronninglund and Marstal

yd

Source: IEA DHC-CHP — _,.(iv-mn

,,,,,,,,,,,,,

PlanEnergi, Solites 2020 ¥

35-40000 m? Buffer

storage Load/user

STES

50—100000 m?*

DALARNA
UNIVERSITY



Oversikt: typer av storskalig varmelagring

Tank thermal energy storage (TTES) Pit thermal energy storage (PTES)
(60 to 80 kWh/m?) 60 to 80 kWh/m?

£

7

Borehole thermal energy storage (BTE&'}) Aquifer thermal energy storage (ATES)
(15 to 30 kWh/m?) (30 to 40 kWh/m?)

| . | =

..................................................................

| -~

Source: IEA DHC-CHP — PlanEnergi, Solites 2020

DALARNA
UNIVERSITY




Projektoversikt

* Projektperiod okt 2022 - dec 2024

* Budget 2.8 Mkr Swedish
* Tre deltagare + konsulter Energy Agency
 Deltagande i IEA-SHC Task 68 samt IEA
DHC TS5
@ “ @ ABSOLICON
DALARNA HALMSTAD S O0OLAR COLIL ECTORS
UNIVERSITY UNIVERSITY

DALARNA
UNIVERSITY



* Lista med lampliga fjarrvarmenat for solvarme med
groplager (dec 2024).

* Investerings- och varmekostnader for tre fjarrvarmenat
genom forstudier (mars 2024).

e Styrprinciper for att anvanda groplagret med andra
varmekallor (mars 2024)

DALARNA
UNIVERSITY



Genomforande i tre steg

* Hitta tre fjarrvarmenat med bra
forutsattningar for tekno-
ekonomiska forstudier

e Teknoekonomiska forstudier

* Extrapolering till hela Sverige

Begransat till (mindre) fjarrvarmenat lampliga for solvarme
Anvander GIS-tekniker och geoligiska data fran SGU

DALARNA
UNIVERSITY



IEA Annex deltagande

* |[EA-DHC Annex TS5 (Integration of Renewable Energy Sources into
existing District Heating and Cooling Systems)
 Hogskolan | Halmstad (Subtask leader)

e |EA-SHC Task 68 (Efficient Solar District Heating Systems)
e Absolicon (subtask leader), Hogskolan Dalarna

* Gemensamt mote i Sverige hosten 2024

DALARNA
UNIVERSITY
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The district heating business model 2050 A

Kristina Lygnerud

Swedish Environment Research Institute, IVL

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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et . ) . Finanein
Policy Cnmp:?._huﬂn . Business model . -5 . -
S 2050 Customer value rototype Validation Scorecard
Literature Literature Interviews P Pe Interviews Al .
——— Ta nierviews Analysis nterviews Alfernatives
rerewr
o Value 1. |EA Experts Interviews
EU Building owners Proposition 2. Investors
Germany Waste heat owners Canvas 3. Mixed Group
Sweden Other customers } 4. DH Group
Denmark Customer values
France ]
. Business
- Policy Model
- Role of DH Canvas

-  Competition to DH

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER



‘ ) =t 3. ‘ 5. Financing
Policy C{}mpﬁhmn , siness model e

o : 2050 Customer value prototype Validation Scorecard

uerature Literature Interviews ! Interviews Alternatives

Analysis

review

review
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Policy

Literature
review

Conclusions on standards 2050 based on policy

documents

5. Financing
Validation . Seorecard

Interviews Alternatives

Energy efficiency Business model
Waste heat recovery (high and low prototype
temperature) Analysis
Sector coupling

Municipal heating and cooling plans
Decarbonized heat supply
Decentralized heat supply

No specific ownership form dominates
No specific funding form dominates

S

IEADHC|CHP

INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER



1.
Competition

Policy 2050

Literature
review

Literature
review

. »
A 'l v ? , {\) \ 7
¢ ’. ¢
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Conclusions on role and competition 2050
S o areud 5.

z & o= ) Validation
Sector coupling (supports electricity grid)

Interviews

Energy companies are partners (with prosumers,
shared incentives, service agreements)
Competition: heat pumps, biogas, green hydrogen,
power to gas

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER



o,
Competition
2050
Literature
review

1.
Policy

Literature
review

6.
4. -

- o 5. Financing
e Validation Scorecard

Analysis Interviews Alternatives

Customer value
Interviewrs

Conclusions on customer value in 2050
- District energy supports circular economy
- Offers to professional building owners contains higher service level than 2022 (energy efficiency, shared
incentives)
- Additional digital tools are used and sharing data for increased efficiency is standard
. DH is comfortable, stable, trustworthy
- Harvesting flexibility together with customers is standard
Contracts that render win-win solutions (customers and prosumers) is standard

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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i;;ffz;-ResuIts- Boundary Conditions 2050 &

1. Efterfrdgan pd vérme i EU &r ungefdr densamma som 2022 och efterfradgan pd
kyla ar hogre (energietfektivisering och fortatning tar ut varandra)

2. Begransad forbranning tor varmetilltorsel (man kan inte IGngre torbbranna fossila
brénslen, mindre volymer avfall att férbrénna) och restvérmedtervinning ér
standard (alla temp.)

3. De varmekdllor som finns anvands, man har inte Idngre en central
varmeproduktion utan mdanga, olika kdllor. Vairmen levereras nér kund vill ha den
(JiT) vilket gor lagringsformdaga viktigt

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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4. Varmeplanering ar ett krav i alla kommuner

5. Cirkuldr ekonomi, och som eftt resultat av detta kopplade sektorer

6. Diversifierad grupp av investerare i fjarrvarme (fill 1éljd av den stora omstaliningen
p& 2020-2030 och 2040 talet)

/. Digitaliseringen genomford: smarta byggnader, energisystem vilket mojliggor att
konsumenter gor energieffektiva val enkelt (utvecklingen gick inte i riktning mot
energy citizens)

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER



Conll’;(;e;t(l)tlon - Business model
Literature - | ‘ o
el Literature Interviews

- Analysis
review

Customer value

(i) Provide cost efficient, convenient energy service packages that require a low level of active involvement

“Passive Customer Behavior”

A 2022-2050: In 2050, the level of digitalization is high (smart buildings, smart grid, smart consumers)- the offer is

carfeeness at competitive price. The green dimension has become standard and is no longer an USP: Majority of
customers

(ii) Involve our customers into the process of optimizing the heat system, with maximum transparency on their impact
on the system

_ |NTERNAT|O L ENERGY AGE Y E NOLOGY, COLLABO T|ON, PROGRAMME,ON
A 2022-2050: In 205838 cofli3aite atleP ANp! FUOING! COMBINES” REA Rk owRie 1S undertaken,

new ideas tested, long-term relatlonshlps are buP Mlnorlt o customers
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4.
Business model
prototype
Analysis

Literature
review

review

Current model characteristics (2022)
Passive customer behavior (2050)

Active customer behavior (2050)

INTERNATIONAL ENERGY AGENCY TEC
DISTRICT HEATING AND COOLING |

S

IEADHC|CHP

Key Key activities Customer Value Customer Segment
partners
Operation and Heal/ cool and hot water Professional building
Fuel maintenance oWNers
providers Heat! cool- possibly hot
Identical with the inclusion water Professional and private
Prosumers of the new key resources ) end-users
Heat Security of supply,
providers Co-creation and comfort, carefree at Identical with the addition
relationship building reasonable cost of prosumers and active
Co-creat customers from, for
prereaiars Carefree at reasonable example, industry
cost
Customer
Green energy Relationship
Key resources
Co-creation of value with Automized
DHN Energy company
Producticn Unit Identical with the addition of
Operations system win-win and long-term

Siaff: operations and maintenance

Identical with the addition of heat pumps,
electricity generation, sforages and digital

infrastructure

Slaff dedicated to co-creation and
relationship building with co-creators

relationship with prosumers

Perzonal relationship with
co-creators

Customer Channel

Invoice, campaigns, webpage

Digital with an app

Personal meetings

Cost and income structure

Fixed costs (production unit and network) Remains, with addifion of heat pumps, PV, storage and digital
Infrastructure: large scale combustion units phased out additiona
investment might be needed for co-creation
Staff Remains with addition of staff for prosumer and heat supply amangements and co-creation
Fuels Remains but are replaced by combustible to a porifolio of diverse sources (size and temperature)

Customer revenue Service package offered, part of it can be linked to a win-win arrangement
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5. Financing
Validation Seorecard
Interviews Alfernatives

Competition
2050 Customer value
Literature Interviews
review

Policy
prototype
Analysis

Literatiure
review

Perceived benefits and disadvantages of DH
1. Low volatility and sensitivity to economy and markets

2. Long term, stable and predictable cash flows ...long investment horizons needed
3. Low correlation to other asset classes (benefits diversification of portfolios)
4. Potentially a hedge against inflation

5. Low default rates..many stakeholders, complex assets, heterogenous, investors do now have the knowledge for
standard DD

6. Matches changing gagylatioRTERNATIONALS ENERBGCABERENTTETINOLOGY COLLABORATION PROGRAMME ON
eavncicwe DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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Conclusions “‘\\\\\‘g\\

It is impossible to predict the future!

It is possible to start acting now!

* Invest in making the buildings and grids smarter (so people can behave
efficiently without effort)

 Knock on the door of engaged customers and create new, future proven
solutions with them

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER
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Technology Collaboration Programme
by QA

Know more?

Kristina Lygnerud

0046727086626

kristina.lygnerud@ivl.se

(N, INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER



@Energimyndighefen

Fragor?

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



@Energimyndighefen
TeRMO

THE FUTURE OF HEATING AND COOLING

www. termoinnovation.se



	Bild 1
	Bild 2
	Bild 3: IEA DHC – internationellt forskningssamarbete om fjärrvärme och fjärrkyla
	Bild 4
	Bild 5
	Bild 6
	Bild 7
	Bild 8
	Bild 9: Tack!
	Bild 10: Integrering av förnybara energikällor  i befintliga fjärrvärme och fjärrkylasystem
	Bild 11: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 12: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 13: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 14: Men hur?
	Bild 15: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 16: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 17: TS5-projektet
	Bild 18: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 19: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 20: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 21: Några axplock
	Bild 22: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 23: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 24: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 25: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 26: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 27: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 28: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 29: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 30: Resultat och slutsatser
	Bild 31: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 32: Integrering av förnybara energikällor i befintliga fjärrvärme och fjärrkylasystem
	Bild 33: Tack för uppmärksamheten!
	Bild 34: Soldriven fjärrvärme med groplager för svenska förhållanden
	Bild 35
	Bild 36
	Bild 37
	Bild 38
	Bild 39
	Bild 40
	Bild 41
	Bild 42: The district heating business model 2050
	Bild 43
	Bild 44
	Bild 45
	Bild 46
	Bild 47
	Bild 48
	Bild 49
	Bild 50
	Bild 51
	Bild 52
	Bild 53
	Bild 54
	Bild 55
	Bild 56
	Bild 57: Know more?
	Bild 58
	Bild 59

