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Research association
founded in 2001

Interdisciplinarity:

Energy law
Energy economics
Energy technology
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Heat Highway project partners

1. Energieinstitut an der Johannes Kepler Universitat Linz

2. Allplan GmbH

3. Ars Electronica Linz GmbH & Co KG

4, Austrian Institute of Technology

5. LAT Nitrogen Linz GmbH

6. Business Upper Austria \ ®

7. Energie AG OO Erzeugung GmbH -

8. Energie AG OO Umwelt Service GmbH /
9. ewwAG v
10. FH Oberosterreich F&E GmbH 5 OB

11. Kremsmidiller Industrieanlagenbau KG >

12. Linz Strom Gas Warme GmbH

13. MU Leoben — Lehrstuhl fiir Energieverbundtechnik

14. 00 Energiesparverband

15. Primetals Technologies Austria GmbH

16. voestalpine Stahl Donawitz GmbH

17. voestalpine Stahl GmbH
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Basic data of the project ,,Heat Highway“

*  Short title:
* Longtitle:

. Duration
*  Budget:
*  Funding:

Heat Highway

yInterregional heat transmission networks
to enable industrial waste heat usage and fossil-free industry”

March 2021 — August 2024
2.5 M Euro total costs

49% Climate and Energy Funds pessared ”l;ehrgl; <85 op
on

6% State of Upper Austria

Programme: 3rd Call ,Vorzeigeregion Energie” by Climate and Energy Fund
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The idea

“Replicating the power grid in the heat sector?”
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Source: Moser, Puschnigg (2021): Supra-Regional District Heating Networks: A Missing Infrastructure for
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The supra-regional power grid enables a
secure supply, efficient use of electricity
and also the feeding of surpluses (e.g. from
PV) into the power grid.

Would these advantages also apply to a
superior heat network?

The starting point of the approach is a
backcasting of this vision. Economic
efficiency, heat losses, legal aspects,
hydraulics, etc. are the subject of the
project.
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The idea

“Replicating the power grid in the heat sector?”

% < !%%f
$44. &6 g DH ngwo rk E h’b

T
b gglb industrial . more efficient small "6

sewage plant DH network
DH network ge p heat consumer seasonal storage DH network

Heat | Transmission | Network

s Iy Lo

blomass CHP
industrial  waste incineration gas CHP % heat pump
waste heat !ﬂ g geothermal

industrial park

DH network

Slide #6 Source: Moser, Puschnigg (2021): Supra-Regional District Heating Networks: A Missing Infrastructure for
a Sustainable Energy System https://doi.org/10.3390/en14123380

Heat transmission networks

Connect centers of demand and
supply,

Make use of the most inexpensive
and clean heat sources,

Elevate the potential of waste heat
and geothermal,

Take advantage of the inexpensive
ground they pass, for seasonal heat
storages and solar thermal energy,

Supply district heating to areas they
pass

Increase the security of supply
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Objective

Heat Highway examines trans-regional heat transfer
networks (HTN), with a focus on the use of multiple waste
heat sources.

Heat Highway goes far beyond the state of the art in
terms of the number of actors involved, inter-regionality
and interaction.

Heat Highway will use its technical and non-technical innovations to develop
two 100 km long heat transmission networks in Austria and advance three
sections of them towards realization. The investigations in four follower
regions ensure reproducibility.

Slide #7 Figure based on source: Fallahnejad et al (2022): The economic potential of district heating under climate neutrality: The case of Austria HIGHWAY
ide https://doi.org/10.1016/j.energy.2022.124920 HEAT
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Best practice examples

¢ External use of
industrial waste heat ;
L)
— 42 existing projects ?:r
— Re-utilization in
district heating
networks
- Learn from existing
implementations
—> FACILITATE. §T .2 <
J S e 2 o -
e @ \A—m* :
J ) Implemented - 45 §/,.4 ‘ﬁ% J (/ g / 1
. Source: Moser, Lassacher (2020): External use of industrial waste heat - An analysis of existing C\\. ENERGIE HIGHWAY
Slide #8 implementations in Austria https://doi.org/10.1016/j.jclepro.2020.121531 '\jj |NST|TUT HEAT
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Business models

*  First, overall profitability is a
joint issue.

— Costs can be covered

t

Investment
costs

Subsidies

Fictitious joint project account ‘

| Share of ) T Share of ]
Energy Operation A Operation
. project Avoided costs project
remuneration costs costs
l revenue >0 l revenue >0 ¢

Industry providing

HEAT: > District heating operator
together. waste heat gop
— Each partner needs to
cover her costs. ;
- Then, prOfltS mUSt be Investment interface
{can be moved from left to right)
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Most commen investment ohjects of waste heat recovery and transfer to d-lstrict heating (some elements are optional, sequence partially changeable)
slide #9 Source: Moser, Jauschnik (2023): Using Industrial Waste Heat in District Heating: Insights on Effective l,f‘ \LE J- HIGHWAY
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Legal issues: waste heat definition

- Transformation of the heat supply:

— Substitute fossil fuels
— Use clean energy

- Comply with RED Il and RED IlI

— Definition of waste heat

— Preference for Renewables?
— Waste heat is treated equal for DH networks.

- Proposal for a clarification of the definition

RENEWABLE ENERGY FOSSIL ENERGY
5
2 Renewable Fossil
% energy energy
% input p input
s
E Waste heat ||| Waste heat
% from RES from fossil
g process process

slide #10 Source: Holzleitner et al. (2025): Waste heat inconsistencies in the EU's energy legislation.
ide https://doi.org/10.1016/).jup.2024.101880.
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Implementation process

Initiation

Y

v

Economic feasibility (study)
«  Cost-benefit-analysis (investments, running costs, avoided costs, subsidies)
s Economic-financial structure (business model design): ownership, investment, operation

Basic consent of the management

Y

Y

Preliminary agreement or letter of intent
e principles of cooperation in case of feasibility

Partners & support

*  Further required partners

# Convincing partner companies with divergent interests
® Secure the support of public institutions

v

Y

Basic data

e Internal calculations and experience and assumptions as a basis for further detailing
® Technical inputs

* Analyze comparable projects

* Measurements & measurement series

Y

Contract draft

s Distribution of the investment among the partners

Terms of payment, payment flows

Duration of contract

Assignment of the tasks of establishment:

Distribution of construction tasks: Technical implementation, planning and design of the devices and pipelines, external commissioning
Provision of raom/space for storage, backups, pipelines; arrangements to allow access

Interface definition: delimitation of responsibilities and intervention, interfaces and points of measurement

*  Exit reasons, mutual assurances and securities

Technical feasibility (study)
Creation of a concept
Available waste heat potential and waste heat temperatures
Heat demand quantities

v

Signing the contract

Potential buyers

.
.
.
e Pipeline network
.
e Comparison of demand and waste heat, time resolved

v

Y

Slide #11 Effective Project Initiation and Business Models https://doi.org/10.3390/su151310559

Commissioning of companies

* |mplementation of adaptations of the industrial plant
* Commissioning of companies for line construction

® Integration of the waste heat at the transfer point

INSTITUT

Source: Moser, Jauschnik (2023): Using Industrial Waste Heat in District Heating: Insights on i ENE MG IE HIGHWAY
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Heat Transmission Network ,,Styria“ 1/2

Industrielle Abwarme
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Slide #12 Quelle: Steinegger, Hammer, Kienberger (2024) Nachhaltige Fernwérme fiir den m HIGHWAY
GrofRraum Graz 18. Symposium Energieinnovation, 14.-16.02.2024, Graz/Austria MONTAN HEAT
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Warmebereitstellung in GWh

Heat Transmission Network ,,Styria“ 2/2

Wairmebereitstellung
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Slide #13 Quelle: Steinegger, Hammer, Kienberger (2024) Nachhaltige Fernwéarme fur den

Grof3raum Graz 18. Symposium Energieinnovation, 14.-16.02.2024, Graz/Austria
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propability

Increase of price stability and resilience

Konfiguration 1 (Gemeinde)

Individual approach:
* Single energy carriers
*  Energy carrier supply

Konfiguration 2 (Heat Highway)

AN
:" \\ Combined approach
:" "1 «  Portfolio effect = diversification
" “. *  Price volatility with less influence
," I“ *  Single defaults of waste heat show less
':' \ influence
I
1

- Certainty as success factor for Heat Highways

»

Slide #14

levelized cost of heat

Quelle: Marx et al (2023) Risk assessment in district heating: Evaluating the economic risks of
inter-regional heat transfer networks with regards to uncertainties of energy prices and waste AU
OF

heat availability using Monte Carlo simulations. https://doi.org/10.1016/j.segy.2023.100119

HIGHWAY
RIAN INSTITUTE HEAT
CHNOLOGY



https://doi.org/10.1016/j.segy.2023.100119

Heat Transmission Network

°
. [
J °

L
b & f o Freistadt

° 9, ° -
Y ‘ o L] A

o
rfahg-Umg ePurfg .
o X & @

0 20 40 km

Slide #15 Source: Moser, Puschnigg (2021): Supra-Regional District Heating Networks: A Missing Infrastructure for a

Sustainable Energy System https://doi.org/10.3390/en14123380

,yupper Austria“

First estimates from 2020

Pipeline cost 2020: 130 M Euro

Revenue 2020: 1.5 - 20 M Euro/a
Significant uncertainty

Calculations ongoing

Technical waste heat potential is
estimated at around 230 MW in summer
and 130 MW in winter

Today, the project Heat Highway
triggers concrete actions:

Linz #1

Linz #2
Wels

Enns
Gmunden
Vocklabruck
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Heat Transmission Network

°
t rfahr-Umaeburfc

,yupper Austria“

T

Goldworth
)
;J Eferding oo* /
———m\ /
, — e
Bl Alkovei
Fraham STRASSHAM
/ N\
g ‘\
J
/ KirchbérgThening | 25hing
Scharten \ 4
I \ \
] 2
Oftering 'Fi ~
{ b N ~ \
A \ \Jraun
\ N\
s HAID BEL
ANSFELOE SLF
2
X
e \
2 Marchtienk \‘(91 m
d . /
/
r/'
//
" w,é&,,Tm /J' Niegerneukircnen
" an der Traun /
@ x , (
X Toaem 7 Allhaming \
/N ei Wels| St, Marien
78 o\ ) 4 ) Hofk
/ Neuhofen an Im Tra
‘o Krame
Google maps, 04.02.2025

Waste incineration CHP

\ Biomass CHP
Gas boilers -

Sustainable Energy System https://doi.org/10.3390/en14123380
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Heat Merit Order

*  Compare variable/marginal costs
*  Assume that connection and plants are built = calculate savings
* l.e.using the Heat Merit Order model here is a back-casting method:

* What CAPEX can be invested and what income remains?
* The fact that there is a saving and this entails reduced costs does not imply that an investment in
a connecting line is economic.

. Heat costs

* Transparent prices
*  Wholesale market prices for gas and electricity
* CHP plants are sector-coupled, i.e. consider 1h electricity spot market

Slide #17 Source: Rusch, Moser (2025): Okonomische Bewertung eines Heat Highways zwischen existierenden ‘ G HIGHWAY
Fernwéarmenetzen. Prasentation, IEWT Conference Vienna 2025. |N STITUT HEAT
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Heat Merit Order

*  The heat merit order may change hourly,
primarily due to electricity market prices (day-ahead spot market)
Examplary heat merit order in hour 109, 2019

50 50
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= =
= =
v L
+30 +30
=] =]
o o
© ©
£20 £20
2 2
s s
10 10
0 100 200 300 500 0 0 20 40 60 80 100
Heat generation [MW] Heat generation [MW]
W WLE CHP 1
EEE | WECHP1 W LGasCHP3 mEE LGasCHP2 EEE L WLE CHP2 [ W WLE CHP 2
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Fernwérmenetzen. Préasentation, IEWT Conference Vienna 2025.
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Linz-Wels: Daily change in generation
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ohomomomohomomomomomomomo
- m < © N~ O O N M 1N VW W O +A N ¥ 1 N~ 0 O +H4 mMm ¥ ©
w A4 24 A4 A 4 A N N N N N N M mM m m ™m
Tag
Hm | WtE CHP 1 W Gas HOB mmm LGasCHP1 L GasCHP 3 L Gas CHP S
s W WLECHP1 | WtE CHP 2 L Gas CHP 2 mwm LGasCHP 4 L Gas HOB

B W WEE CHP 2 I | Biomass CHP

Slide #19 Source: Rusch, Moser (2025): Okonomische Bewertung eines Heat Highways zwischen existierenden
Fernwérmenetzen. Présentation, IEWT Conference Vienna 2025.

ENERGIE HIGHWAY
OINSTITUT  HEAT S

an der johannes Kepler Universitat Linz



Macroeconomic benefit
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Slide #20

Il Szenario 1 - Substitution Gas (Gaspreis 2019} Macroeconomic evaluation

[ Szenario 2 - Substitution Gas (Gaspreis Hoch) .

O] Szenario 3 - Substitution Biomasse

Quelle: Hammer et al (2023) Industrial Excess Heat — INXS. Erhebung industrieller
Abwarmepotenziale in Osterreich. Final report, accepted, forthcoming.

Basic size: 1 GWh/a of recovered
and used waste heat

High-price gas scenario:

— 0.9 Mio GDP growth

— 8 additional people employed
Benefits also appear for the
scenario with biomass
substitution.
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To do: Enhance economic feasibility

No

Slide #21

Summer heat

Waste heat potential

500

— Geothermal potential Reference
400

payback for % year 300

Future sinks to investigate:

200 ‘
100 “‘1 il | “vl ey
Process heat
Heat-to-Cold

Hot water preparation
Seasonal storage

Heat supply [MWh/h]

o

Source: Kéfinger et al. (2018) Simulation based evaluation of large scale waste heat utilization in urban district heating networks:
Optimized integration and operation of a seasonal storage https://www.sciencedirect.com/science/article/pii/S036054421831257X
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Showcase the feasibility

e “Museum of the future”
— Ars Electronica Center Linz

* Popular showcasing of a
“virtual demonstrator”
— Guided tours
— 1000s of visitors

N

|

4
S \,:

Spring/Fall with Heat Highway

/C)ENERGIE gy
~ INSTITUT =I= ARS ELECTRONICA

an der Johannes Kepler Universitat Linz
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Showcase the feasibility

* Popular showcasing of a “prototype”
— 1000s of visitors

e “Museum of the future”
— Ars Electronica Center Linz

'l United Skills of
=1= ARS ELECTRONICA KREMSMUELLER

Slide #23
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HIGHWAY

HEAT Thank yOU!

Dr. Simon Moser
(project manager)

linkedin.com/in/mosersimon

moser@energieinstitut-linz.at
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