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Current situation, requirements and
objectives




Rheintal energy system: An urban-industrial cluster!

Industry sector
546 GWh/a unused low-temp heat (ThLt)

49 GWh/a unused high-temp heat (ThHt)
35 GWh/a unused process heat (ThPhll)

Urban sector
Thermal demand: Ca. 670 GWh/a (ThHt)

= Holistic system analysis spanning all sectors
= High spatial and temporal resolution

= Potential for waste heat integration between
the industrial and urban sectors
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Current situation: CO, emissions in Biindner Rheintal

@

Challenge:

Mobility —> Tackling the hard-to-abate emissions

= 37 %

CO2 Sources

Building 30 150

Industry

0 150 300 450 600 750 900
CO2 Emissions [kt]

Switzerland: 4 tcoo/ capita ; _
Biindner Rheintal:  11tcoz/ capita o [ NG
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Objectives of the project

@

= Developing a spatially resolved energy system model for the Rheintal valley for “status quo” und
2050, involving the various partners at the RoundTable.

= Evaluating the cost-effective, holistic solution, that meets the 2050 Net-Zero emissions target.

The Rhine Valley photographed from Montalin, 2266 meters above sea level. Photo: Lino Schmid
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RoundTable”Netto-Null Rheintal 2050”

Amt fur Natur und Umwelt

1) k:
u H o Lc I M a‘ Uffizi per la natira e 'ambient

Ufficio per la natura e 'ambiente

Amt fiir Energie und Verkehr Graubiinden =
Uffizi d’energia e da traffica dal Grischun ‘- POWE R
Ufficio dell’energiea e dei transporti dei Grigioni ]
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Methodology




@

The energy hub concept

Resources Energy Hub Demand

‘ Hub boundary ‘ Hub boundary

Hub boundary

Imports

‘ Resources ‘ Technical Systems

03.02.26 3



Bottom-up urban demand analysis (example: Chur)

spatiotemppral
> 1 éffors |

building stock grouping and clustering upscaling

Reference ’
[1] Spatiotemporal upscaling errors of building stock clustering for energy demand simulation, S. Eggimann et. al, 2022
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The Rheintal in “Hubs”
Hub = Energy Balance Zone




Urban settlement hubs in the Rheintal

Ae _ o
rhiienergie IBC REPOWE

Buildings: ~ 4,000
Residents: ~ 17,000
Vehicles: ~ 14,000

Buildings: ~ 4,000
Residents: ~ 37,000
Vehicles: ~ 30,000

Buildings: ~ 6,000
Residents: ~ 26,000
Vehicles: ~ 21,000

s

Landquart

Domat/Ems
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Industry hubs in the Rheintal

ge%og HoLCIM - MSs

Waste to Energy Cement plant Wood CHP Chemical plant
Trimmis Untervaz Domat/Ems Domat/Ems

N i

https://gevag.ch/ https://www.holcim.ch/de/ https://www.axpo.com https://www.ems-group.com
zementwerk-untervaz
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GEVAG Modell, 2050 0c%0g
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@

Heat integration of the hubs via district heating

Rheintal system boundary

Existing district heating
(expandable & reducible)

= ThPhIl: >200°C
m——— ThHt: 60-120°C
m—— ThLt: 20-60°C
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Energy demand for CO, capture

Amine washing
650 MWh/ktCO,

130 MWh/ktCO, -

Hot Potassium Carbonate (HPC) %

)

J
7
.

it

Absorption
Desorption

20 MWh/ktCO, |

330 Mwh/iaco, [

Amine washing requires predominantly high temperature heat (~120 °C) while HPC requires
predominantly electricity to capture CO,
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Key results




Result I: The Net-Zero target can be achieved!

CO, Emissions [kt/year]

Reference 2050-progressive 2050-restrictive

Emission:avoidance
500

CO, Source/Sink

I I I I . - I
299 B csw

7 Gasoline
I Electricity
B Natural gas

[ Heating oil/Diesel
Limestone
I B Coal
B CO; exports

2050-pro 2050-pro S1  2050-pro S2  2050-pro S3  2050-pro S4 2050-res 2050-res S4
2050-res S1
2050-res S2
2050-res S3

Reference
[1] Charting the path to Net-Zero: A Case Study of Integrated Energy Systems, A. Upadhyay et. al, 2025
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2050 Net-Zero and net-negative
emissions can be achieved via:

*  Emission avoidance

*  CO, capture and storage (CCS)

*  Net-negative solutions via CCS of
biogenic emissions from wood, MSW

*  Assumption: CO, ETS price 175 CHF/t

Pro: Progressive scenario
. Low H, cost (2.5 CHF/kg), No El. restrictions,
El. price 3x REF (2018)

Res: Restrictive scenario
. High H, cost (6 CHF/kg), Max. +20% El.
imports compared to today, El. Price 3x REF

S1-S4 Sensitivity analysis

. S1: Capped H; imports to 400 GWh/a

S2: No H; and synfuel imports. Open-field PV.
S3: Electricity price of REF (2018)

S4: No Net-Zero target
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Result 1l: System cost can be lower in the future

Total System Costs [MCHF/year]

Reference 2050-progressive 2050-restrictive
800
EARSPSPIl,
211 182
600 —
185 174
85 —_— 66 158 _1.61_
134
6 &6 137
400 62 159 Costs
2 - B CAPEX Network
66 CAPEX Technologies
62 CO,
B Imports/Exports
OPEX Technologies
200
238 226
200 198 197
165 170 166 135
0
74 62 62
101 96
78
REF 2050-pro  2050-pro S1 2050-pro S2 2050-pro S3 2050-pro S4 2050-res  2050-res S3 2050-res S4
2050-res S1
2050-res S2
Reference

[1] Charting the path to Net-Zero: A Case Study of Integrated Enerqgy Systems, A. Upadhyay et. al, 2025
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Reduced annual system costs
are possible - including CCS!

»  Decreased heating demands

* Increased system efficiency through
electrification

*  Local resources and less imports

*  Waste heat utilization and
optimized system integrations

»  Electricity is a critical cost driver

Pro: Progressive scenario
. Low H, cost (2.5 CHF/kg), No El. restrictions,
El. price 3x REF (2018)

Res: Restrictive scenario
. High H, cost (6 CHF/kg), Max. +20% El.
imports compared to today, El. Price 3x REF

S1-S4 Sensitivity analysis

S1: Capped H; imports to 400 GWh/a

S2: No H; and synfuel imports. Open-field PV.
S3: Electricity price of REF (2018)

S4: No Net-Zero target
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Conclusions

1. The net-zero target in the Rheintal can only be achieved with CCS
2. The annualized system costs in the Rheintal valley can reduce by 2050

3. The valley's dependence on imports will decline by 2050

4. District heating can make an important contribution to heat supply and relieve
the burden on the electricity grid

5. Hydrogen and renewable fuels can play an important role in the 2050 system

03.02.26 20



Collaboration leads to successful system transformation! °

Amt fur Natur und Umwelt

1) =
u H o Lc I M a‘ Uffizi per la natira e 'ambient

Ufficio per la natura e 'ambiente

Amt fiir Energie und Verkehr Graubiinden =
Uffizi d’energia e da traffica dal Grischun !_ POWE R
Ufficio dell’energiea e dei transporti dei Grigioni ]

The partners, ANU and Empa are deriving a concrete action plan towards the implementation of
solutions between 2025 and 2027.
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Fuel production opportunities




Various conversion paths exist for SFs and SPCs

Captured CO,

o e

Sustainable Platform
Chemicals

Green/low-carbon H,
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Sustainable Fuels

@
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CO, and H, network in Rheintal for SAF production

Rheintal system boundary

\
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Existing gas pipeline in Rheintal

= Hydrogen network location:
= Based on current NG pipelines
= Repurposed/new built

= Location of H2-SAF hub:
= At the entry of valley
= Next to the pipeline
= (Close to CO, sources

azins

03.02.26

enins

iiiii

immis

Natural Gas Pipelines

Orzsar o Wvicce [l west
@ GEVAG @ Holcim () Axpo @ Ems
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How much sustainable fuel can be produced in Rheintal? °

~6.2% of today's CH jet fuel demand
~4.8% of 2050 CH jet fuel demand
~13.3% of 35% PtL share for 2050 strategy

= © 011 MtSAF

1.8 Mt jet fuel

Tipping-point Rheintal

Today's jet Today's Today's
fuel price SAF price PtL price

: : : i » [CHF/kg]
0.8-1.0 21 26 5-6
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Conclusions: A Hydrogen Valley is feasible!

Hydrogen Tipping Points
= 2.8 CHF/kg for process heat
= 5.3 CHF/kg for fuel cells due to higher electricity price
= Today's blue hydrogen price around 2.9 CHF/kg
SAF Tipping Point
= 2.1 CHF/kg for SAF production
= Max production at 111 kt limited by utilisable biogenic CO, (excl. DAC)
= Carbon tax increases may enhance competitiveness

System Cost
= Reduction of overall system cost with hydrogen
= SAF production augment export revenues

03.02.26
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Acknowledgement “Netto-Null Rheintal 2050”
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The SWEET reFuel.ch project

Christian Bach, Regina Betz,

Empa ZHAW o |
Co-Coordinator Co-Coordinator %
reFuel.ch reFuel.ch Ll -
Robin Barton Arijit Arash Matthias
. Samani
Aim of reFuel.ch: Develop robust pathways and Mutschler  Chen Upadhyay  samani - Sulzer
,8’@!‘\

synthesis methods for sustainable fuels (SF) -and A

platform chemicals (SPC). “ @j

Aim of WP3: Determine robust transition paths for Evangelos I‘Dés&Par‘th; Christian  Christian
the Swiss energy system including SF and SPC. — Yom e
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CO, Capture

Conversion |

Refinary
Destillation processes

Conversion |l

Products

Storage

CO2 storage
Permanent storage in
suitable sites (abroad)

Carbon agglomerates

co2 > D__';e:;:: 'é g; Tr::rre RWGS Methanol synthesis (CO)
Al > : (400ppm) > H2+CO2 -> CO + (H20) CO + 3H2 -> CH4 + H20
—| GO H= 42 kj/mol H=-206k}/mol
PE(|Post capture Methanol thesis (CO2)
anol synthesis
@oz > KV.A e PR CO2 +3H2 -> CO30H + H20 ‘
KVA ~10% CO2 in flue gas 2CO2 +e-->2C0O +(02) =
> ~90% capture rate £ .3/ mel.
»-| Post ion capture Fischer-Tropsch
co2 - cement Water electrolysis NnCO + (n+1)H2 -> @
Cem & ~25% CO2 in flue gas H20 +e--> H2 + 0.5 02 CnH2n+2 + nH20
> ~90% capture rate H= n(-146) k//mol n=8,12
— A 4
| Post ion capture . Gasification | s
co2 . CHP | CxHyOz+02->CO+H2+CO2 S CO2 transport N
Bio “|  ~10% cO2in flue gas e CO+H20->CO2+H2 " | Truck, Train, Pipeline, Ship et
—>|  ~90% capture rate " | H1=206 & H2=-41.2 K)/mol
Gasification Il > €O methanation f—vi
CxHyOz+02->CO+H2+C02 | CO +3H2->CH4 +H20 [ > >
H1=206k)/mol H=-206k)/mol [
> Sabatier J
> A"a:i:"’a': :'sers::i’: @ - CO2 + 4H2 -> CH4 + 2H20 —_—
8as upgrading H=-165k}/mol
>
> Pyrolysis > >
Y
> Cement plant
o Carbononation of Con-
7| concrete & integration of crete
>

Carbon storage
Permanent storage in
suitable sites and
materials

Concrete recycling
Binding CO2 through
weathering

f

31



Empa - The Place where
Innovation Starts

Arijit Upadhyay
Urban Energy Systems Lab
empa.ch

arijit.upadhyay@empa.ch

@ Empa

Materials Science and Technology




Supplementary




Vorgehen zur Berechnung des
Gebaudeenergieverbrauchs

1. GIS Analyse

2. Gebaude Simulation

Analyse pro Siedlungs Hub durchgefiihrt.
Gebaudedaten werden an Simulation tibergeben.

3. Nutzenergiebedarf

03.02.26

energy demand simulation

9y N e® @ 4
é.i: e @é‘;’ ‘\3}‘ spatiotempbral

¢ @ — -~ == > e
\ éfrors {
*9, (e @A e
) N Viv viv' VAR
®
L
building stock grouping and clustering upscaling

Referenz: Spatiotemporal upscaling errors of building stock clustering
for energy demand simulation, S. Eggimann et. al., 2021

Die Gebdude Simulation ermittelt den Energiebedarf des Gebaudes

anhand einer Klassifizierung basierend auf Gebaudealter und Typ-
neben weiteren Kriterien. Siehe Referenz.

Stlindliche Nutzenergiebedarfskurven: Mitte Hub

150 i
100
s
S s0
x
g
c [
o
B
E]
= 50
—— Warmwasser
—— Elektrizitat
-100 Raumkiihlung
—— Raumwarme

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Stunden des Jahres (h)

Bedarfskurven wurde pro Hub erstellt -> Profile als Eingabe fiir
Energiesystem Optimierung
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Arbeitsablaufe

- T T T T - Wirkungsgrade
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Schritte der Gebaudeanalyse

BFS Municipality Boundaries

GWR Building Data (Points)

swissBUILDINGS 3D Data

OSM Building Data
(Geometries)

STATENT Company Data

Climate Zone Data

Optional

Additional GWR Building
Data, e.g. ANU

C
I
I
I
I
I

ANU Rheintal
GEAK Building Survey Data
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GIS data
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)
|
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(.epw) I
I
Outputs: _ _ _ Outputs: |
___________ 1|
Building Geometry Buildin : | |

g level:
(shp) (CjESAR'(IjD Useful energy | |
Building aig}a;s demand profiles | |
Information (.csv) ’ (Annual or hourly) | |
__________ | |
| | )
————————————————————————————————————————— i Rl O

Past Retrofit Data

Cost

|

— ||
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L
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Sa nieru I‘IgSI‘aten Die Sanierungsraten beeinflussen den
Endenergiebedarf der Gebaude.

Nicht jedoch die Heiztechnologien!
Diese werden durch das Modell
entschieden.

Die Sanierungsrate wurde fur das gesamte Rheintal auf 2,7 %/Jahr festgelegt. Diese Raten basieren auf
dem Muken-Bericht:

= Ohnehin-Sanierungsrate: 1%. Von den 1 % der sanierten Gebaude werden 40 % einer Vollsanierung
unterzogen (Fenster & Dach & Wand & Boden) vorgenommen. 20 % der Gebaude werden einer
Fenster & Wand & Dach Sanierung unterzogen und bei 40 % der Gebaude wird eine Fenster & Dach
Sanierung durchgefuhrt.

= Bei den zusatzlichen Sanierungen (alles was 1% Ubersteigt) wird angenommen, dass die Sanierung an
Fenster & Dach Sanierungen vorgenommen wird.
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Energieverbrauch und Emissionen Gebaude

500 -500

Jahrlicher Nutznergiebedarf (GWh/a)
Jahrliche CO>-Emissionen (kt/a)

Jahrlicher Nutznergiebedarf (GWh/a)
Jahrliche COz-Emissionen (kt/a)

Elektrizitit
Elektrizitat

Raumwarme
Raumwarme

Warmwasser
Raumkiihlung
Warmwasser

Raumkiihlung

REF Fahrzeuge:

Total: 66 k: (65’110 Fossil + 1’011 EV). Diesel: 36’050 (Mitte: 16’822, West: 7'781, Nord: 11'446), Benzin: 29’060 (Mitte: 13’561, West:

6’273, Nord: 9'227), EV: 1’011 (Mitte: 448, West: 187, Nord: 376)
Total Fahrzeuge in GR: 162’452 (2020). Bevolkerung: 200°096 (2020).
Quelle: Kanton GR. Anzahl Fahrzeuge pro Hubs ist Proportional zum Kantonalen Durchschnitt.
2050 Fahrzeuge:
Total: 62 k (12’365 Fossil + 49’460 EV). Diesel: 6’846 (Mitte: 3195, West: 1478, Nord: 2174), Benzin: 5519 (Mitte: 2575, West: 1191,
Nord — 1752), EV*: 49'460* (Mitte: 23’080, West: 10’676, Nord: 15'704)
Energieverbrauch pro Fahrzeuge:
Diesel: 9085 kWh/a, Benzin: 9085 kWh/a, Strom3: 2862 kWh/a
[1] Im Jahr 2050 werden 80 % der Fahrzeugflotte aus Elektrofahrzeugen bestehen. Die Fahrzeugflotte in GR reduziert sich um 5%
(Bevolkerungsriickgang) Quelle: EBP.
[3] Eigenen Annahmen

03.02.26

Jahrlicher Spitzen
Warmeenergiebedarf Warmeenergiebedarf

REF: 665 GWh REF: 364 MW
Mitte: 324 GWh Mitte: 179 MW
West: 118 GWh West: 64 MW

Nord: 223 GWh Nord: 121 MW

2050: 486 GWh (-27%) 2050: 252 MW (-31%)
Mitte: 237 GWh Mitte: 122 MW

West: 85 GWh West: 45 MW

Nord: 164 GWh Nord: 85 MW

Elektrizitatsbedarf fiir Elektrofahrzeuge (EV)

2050: 142 GWh
Mitte: 66 GWh
West: 31 GWh
Nord: 45 GWh
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Energieverbrauch und Emissionen der
Gebaude im Rheintal, REF

U i . . .
5 A Heizungssysteme im Rheintal
Sl BN

> Gebdudewarme —und Warmwasser wird vor allem
durch fossile Gebaudeheizungen bereitgestellt.
Die Heizungssystem sind wie folgt verteilt:

600 600

500

!
S
S
S

1
w
=)
S

= 37% Gasheizungen

= 32% Olheizungen

= 14% Warmepumpen

oG = 8% Holzheizungen

= 7% Fernwarmeanschlisse

= 2% elektrische Widerstandsheizungen

L
[
S
S

Jahrliche CO2-Emissionen (kt/a)

Jahrlicher Nutznergiebedarf (GWh/a)
3

=)

Raumwarme
Elektrizitat

Raumkiihlung

Warmwasser

. /- Felsberg

Tamins '
% Domat/Ems

Rhaziins

chig . Nord . Mitte . West
@ctvic @ Hoim O Ao @ Ems

Bonaduz

*Grossverbraucher-Bedarf ist hier nicht enthalten
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Gebaudemodell Rheintal. Pro Hub. Ohne H, Techs.

Energiequellen

Umwandlung Nutzenergie

Fernw.

Fernwarme

Holz

Gas

(Ch4)

ol

Holzheizung

Gasheizung

Systemgrenze GebGude ThBdg: Gebaudewédrme

ThSh: Raumwé&rme
ThDhW: Warmwasser
ThSc: Raumkalte

EIBdg: Gebdude Elektrizitat

(C12)

DIDIO

EIBdg

Olheizung

Warmepumpen

ThAmb: Umweltwarme
ThBdg

7y

Warmespeicher
@

Solar

Photovoltaik
Irr.
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_>

Elektroheizung

-
' Batteriespeicher —

A
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Energiefliisse GEVAG, REF

‘ Kehricht (436 GWh) ‘

03.02.26

Ferndampf (81 GWh)

Fernwérme (50 GWh)

I Strom (37 GWh)

GEVAG (436 GWh)

Ferndampf Nord, 230 °C
(69 GWh)

[] Ferndampf Verlust

(12 GWh)
I Fernwirme Mitte, 120 °C

(44 GWh)
3 Fernwirme Verlust

(6 GWh)

Abwirme, 40 °C (213 GWh)

Verluste (55 GWh)

B Eigenbedarf Strom
(15.5 GWh)

. Eigenbedarf Wirme
(17.5 GWh)

Sonstige Verluste
(22 GWh)

Erklérung Schriftfarbe
Schwarzer Text: Genutze Energie
Griiner Text: Freie Energie

Roter Text: Verluste/Eigenbedarf
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GEVAG Modell, REF+ 0e%CQ

Systemgrenze Gevag

Strom o[ Strom
0 GWh "\ 37Gwh

Abwarme
40°C
213 GWh

Verbrennung &
Turbinen (7+5 MW)
59 MWDampf

Kehricht
436 GWh

22 (12 GWh Verlust)

Ferndampf, 23 MW
ThPhll L{ 85% Effizienz

Eigenbedarf Warme: 15.5 GWh
+2 GWh Nahwdrme
Eigenbedarf Strom: 15.5 GWh

Abfallspeicher
20 GWh

Heizol Ol Heizung Warmespeicher Fernw?rmg, .18 MW
0 GWh 36 MW JMWh 88% Effizienz
(6 GWh Verlust)

Anmerkung: Dampfturbinen (5+7 MW), Dampf Abspritzung, Abgaswarmetauscher (2.7MW) und Eigenverbrauch sind in “Verbrennung und Turbinen” Element eingerechnet. Die
Kesseltemperatur betragt 480°C. REF+ beriicksichtigt Anlagenerweiterungen, welche in naher Zukunft Umgesetzt werden.
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GEVAG Modell, 2050 0c%0g

Systemgrenze Gevag

Eigenbedarf Strom: 15.5 GWh o~
> Strom

Strom

0

y VY
Verbrennung &
Kehricht Turbmen & ThPhII R Hoc.htemperatur-
436 GWh Abspritzung & Abgas 230°C > Wéarmepumpe
Warmetauscher 40°C -> 120°C
59 MW
Eigenbedarf Warme: 15.8 GWh
+2 GWh Nahwdrme
CO, Abscheidung
Abfallspeicher ~ ThHt Wirmespeicher 19t COy/h
20 GWh 'QOT P 95% Abscheidungsrate
Aminwasche oder HPC
$ minwasche oder )
y A
é .
( Fernwarme 18 MW
Warmespeicher (Ausbau erlaubt)
Ol / Ch4 / H, Peaker P 88% Effizienz
X MWh
(6 GWh Verlust)
\_ J
.
Tiirkise Schrift oder Umrandung = neue é )
Technologien / Technologiekandidaten Ferndampf, 23 MW
—p 85% Effizienz
(12 GWh Verlust)
- J 43
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Mogliche Turbinenkonfigurationen GEVAG, 2050 989/09 °

Systemgrenze Gevag

CAPEX: T000CHF/kW + 3Mio fix
OPEX: 30CHF/kW/a

Gegendruckturbine
379 GWh Tout: 120°C X GWh

ThPh400

480°C mm=22% | T\ 1200°c | e
NTh120 = 52%
CAPEX: 1250CHF/kW + 3.5Mio fix
OPEX: 30CHF/kW/a
Kondensationsturbine
Stufe 1 (REF: 7 MW) Kondensationsturbine
Tout: 230°C 254 GWh Stufe 2 (REF 5 MW) 157 GWh
Ngr = 6.5% Tout:40°C ~ —mm» .~ f------- >
NTh230 = 67% ne = 18.5%
NThao = 15% NThao = 62%
56 GWh
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Model of the cement plant Untervaz, «today»

13% der Energie

Strom

Abfall

Biomasse

f’m

Brenn-
stoff

Kalkstein

87% der Energie

lv \ 4

CaCO3*
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Zementwerk

Systemgrenze Holcim

HOLCIM

Klinker
CaO

Prozess-
warme

Isobutan Turbine

Klinker-
kiihlung
300 °C

Klinker-
Kihlung
100 °C

Zementk

\ 4

Ghlung
25°C

Abgase

) 4

80 °C

Abluft

\ 4

Muhlen
80 °C
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Model of the cement plant Untervaz, 2050 ¢ HoLCIM

@

Systemgrenze Holcim
13% der Energie '

Strom > a0

N\ e N 2 N s

Brenn- | 87%der Eflergie CO; Abscheidung
Abfall > Zementwerk » Abgas Warmetauscher P 95% Abscheidungsrate
stoff Absc
Aminwasche / HPC
. J \ J -

00

AN e 1

Biomasse ThPhll > Klinker / CaO — Warmespeicher J‘

Zementkihlung > ThHt

f )\ m
CaCoO3 Isobutan Turbine »{ ThPhll

Klinkerkiihlung

on

\

\ 4
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Szenariendefinition




Wasserstoff Import und Produktion 2050:

Szenario 2050-pro: H, “Backbone” Anschluss

H, Import EU-BackboneW
0.075 CHF / kWh
2.5 CHF / kg H, J

Referenzen

VSE EZ 2050: H2 Importkosten, Elektrolyse,
Brennstoffzelle

BFE EP 2050+ Exkurs Wasserstoff: Nutzung

03.02.26

( H, Nt\elt::t::r::tgz lald (Hz Export EU-Backbone
> > 0.075 CHF / kWh
0.025 CHF / kWh 2.5 CHF / kg H
0.8 CHF / kg H, : & M2
A j
0.1 CHF / kWh
3.4 CHF / kg
Elektrolyse W ( Brennstoffzelle
CAPEX: 900 CHF / kW »  CAPEX: 3000 CHF / kW
OPEX: 27 CHF / kW / a J L OPEX: 45 CHF / kW / a
\ 4
Nachfrage in Hubs: H,
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Wasserstoff Import / Produktion 2050
Szenario 2050-res: Kein H, “Backbone” Anschluss

@

H, Netznutzung inkl. h
H, Import .
0.179 CHF / kWh > Verteilnetz > H, Export
: 6 CHF/kg H 0.025 CHF / kWh 0.179 CHF / kWh
&z 0.8 CHF / kg H,
A -
0.2 CHF / kWh
Referenzen 6.8 CHF / kg
VSE EZ 2050: Kosten Elektrolyse,
Brennstoffzelle Elektrolyse Brennstoffzelle
BFE EP 2050+ Exkurs Wasserstoff: CAPEX: 900 CHF / kW »  CAPEX: 3000 CHF / kW
Nutzung OPEX: 27 CHF / kW / a J L OPEX: 45 CHF / kW / a
H, Kosten: Schatzung |
Eigenschaften Wasserstoff \4
Energiedichte: 33.6 kWh/kg
Nachfrage in Hubs: H,
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CO, Abscheidung, Nutzung, Transport und
Speicherung

Fossil

Biogen Atmosphaére

CO, als Rohstoff CO, Senke

CO, Transport und
Speicherung im
Ausland
20 CHF / tCO,

Referenzen

BFE EP 2050+ Exkurs Negativemissionstechnologien
und CCS: CO, Exportkosten

H,
*SAIPEM Studie: CO, Infrastrukturkosten. Resultiert in ca. 45
CHF pro Tonne transportiertem CO,

Die Synthese von Treibstoffen aus CO, und H,, sowie ein H, / CO, Verteilnetz (inter-Hub) wird
in der nachsten Phase des Projektes betrachtet.
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Jahrlicher Import & Export, Szenarientibersicht

4000

3000

Energietrager

B Abfall kvA

Abfall Zementwerk
Benzin

Biologische Abfalle
Elektrizitat NE 1-3
Erdgas

BioMethan (CH)
Synthetisch Methan (EU)
Heizol oder Diesel

no
o
o
o

Energie [GWh/Jahr]

Holz
Kohle

1000 Wasserstoff

REF 2050 Sz1 2050 Sz1 Sens1 2050 Sz1 Sens2 2050 Sz1 Sens3 2050 Sz1 Sens4 2050 Sz2, 2050 Sz2 Sens3 2050 Sz2 Sens4
2050 Sz2 Sens1,
2050 Sz2 Sens2
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Fernwarme kann weiterhin einen wichtigen
Beitrag im Energiesystem leisten

@

= Wenn der Strombedarf nicht wesentlich
steigen darf, Gbernimmt die Fernwarme

| Ausbau verstarkt die Warmeversorgung.
Fernwarme

= Abwarmenutzung aus Industriehubs
o konnen Warmebedarf fur Fernwarme
" | decken.

—

Szenario 1: Keine Restriktionen beim Stromnetzausbau
| sowie bei Importen von Wasserstoff und synthetischem
Methan.

1 -

 *Heute Szenario Szenario i i o gl i i Szenario 2: Nur leichte Erhdhung der Importe von
1 2 Wasserstoff und synthetischem Methan sowie

moderater Ausbau der Stromnetzkapazitat (+20%).
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Motivation: Hydrogen in Rheintal Valley

= “Netto-Null Rheintal 2050" at EMPA:
= Rheintal Valley in Graubtinden
=  Aim net-zero CO, emissions by 2050

= Development of a spatially resolved energy
system model

International Journal of Hydrogen Energy
Volume 47, Issue 57, 5 July 2022, Pages 24121-24135

= What is a Hydrogen Valley?

= Regional integrated ecosystems ELSE
encompassing the full hydrogen value chain

=  Facilitate green hydrogen scale-up by

optimizing consumption Techno-economic assessment of green

= Enhance economic viability in targeted hydrogen valley providing multiple end-
industrial clusters users

Mario Petrollese & =i, Giulia Concas, Francesco Lonis, Daniele Cocco

Source: Petrollese et al., International Journal of Hydrogen Energy 2022

53
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Scenario: Hydrogen Valley
FM \ Scenario 1 \ Scenario 2

Rheintal 20R0N C.entraliced Hvdrnnen Hvdrnnan \/allav
Based on Netto-Null + Hub H2-SAF
Rheintal 2050 project + Ho Network

@|0W6d /

N

= Hydrogen Valley Scenario:
= Sensitivity analysis on SAF export price
= Tipping point: SAF is being produced and exported

54
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Results: Hydrogen Tipping point

Scenario 1
CHF/kg 0 <I—I2 for Process heat 2.8 ~ H, for Fuel Cells 5.3
I I - I > H, import Price
H> No H,
Tipping Price Utilisation

03.02.26
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@

Sensitivity Analysis: CAPEX Impact

= Sensitivity 1: Fischer-Tropsch CAPEX: Sc 2 Sensi 1 Sensi 2
= 3000 CHF/kW to 600 CHF/kW Total: 374 Total: 374
= Reduction CAPEX by 21 MCHF and OPEX T
by 9 MCHF 5
. <
8% of total cost % 191 170 191 System Costs
g " CAPEX Network
= Sensitivity 2: Hydrogen pipelines CAPEX: =~ 00- _
. . 0 CAPEX Technologies
= Repurposed vs new pipelines 3 B oPex Network
u 1000 CH F/kW tO 2000 CH F/kW GE) . OPEX Technologies
= Augmentation CAPEX by 6 MCHF and %

OPEX by 3 MCHF
= 70% of network cost

= Robust results:

= SAF production quantity unchanged by
changing CAPEX

= Sensitive only to H, import or SAF export
price
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Carbon Markets - a possible development

500 Z CDR: Carbon Dioxide Removal
450 e Voluntary market: DAC, BECCS,

EU-ETS: European Emission-

400 . WHE (in CH) [1]

350

300

250

200 Trading-System [2]

150  Mandatory market
100

5 -

0
0
2025 2030 2040 2050
B CDR (BECCS) [€/tCO2] M EU-ETS [€/tCO2]
References

[1] BAFU / VBSA Branchenvereinbarung

[2] FOEN, ETS

Graph: Plausible value range based on the expert knowledge of Jonas Létscher, Airfix. Actual values will vary and are subject to high uncertainty.

Further plausibilization via EU-ETS, OPIS CDR Market Survey, |EA Bioenergy, ICAP, Bloomberg, Agora Energiewende, NGFS Climate Scenarios, Study «Expert insights into future trajectories: assessing cost reductions and scalability of
carbon dioxide removal technologies”, Study Carbon prices on the rise? Shedding light on the emerging second EU Emissions Trading System (EU ETS 2)

Glossary

BECCS: Bioenergy with Carbon Capture and Storage, DAC: Direct Air Capture, WtE: Waste to Energy

03.02.26 57



