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World Energy Demand
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Substitution of Fossil Fuels with Renewable Energy

World Energy Demand 19 TW

Electricity 7.3 TW =3.2 TW,, Mobility 4.2 TW Residential & Industry 7.5 TW
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CO, Emitters by Sectors
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Ref.: Davis, S. J. et al. « Net-zero emissions energy systems », Science 360 (2018), pp. 1-9.
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Ref.: http://www.globalwarmingequation.info/global%20warming%20eqn.pdf and

Ollila, A. (2014), “The potency of carbon dioxide (CO,) as a greenhouse gas”, Development in Earth Science, Vol. 2,
pp. 20-30, available at: www.seipub.org/des/paperinfo.aspx?ID=17162
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Renewable Energy Production

100000

World energy demand

- Yol et

Growth: +46 %/year
Cost:  -12 %/year

1
1990

2010
Year

1995 2000 2005 2015 2020 2025

Ref.: https://ourworldindata.org/energy
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Electricity and Renewable Energy

0.67 TW,, 0.16 TW
0.8 TW, 1.2 TW,
500 GW (3000 GW) 80 GW (23000 GW)

Hydropower Solar thermal

170 GW (70000 GW) 80 GW (3000 GW)

Photovoltaic

Wind power

Prof. Dr. Andreas ZUTTEL, e: andreas.zuettel@epfl.ch, m: +41 79 484 2553

Swiss Physical Society, Fribourg

Global Electricity demand 3.2 TW
Renewable energy: 0.87 TW

0.04 TW 1.2TW

21 GW (2000 GW) 1200 GW (2400 GW)

Geothermal Biomass

19 GW (300 GW)

Tidal power
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Energy Demand in Switzerland 2019
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foreign country
(30.1%)

CO, emission:
4760 kg CO,/year
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primary energy
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4%
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100% energy = 6 kW/capita 2%
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Swiss Decision for Electricity

Die Elektrifizierung
der Schweizerischen Bahnen

ehemaligen Gotthardbahn,

Sonderbericht

-~
Schm cizerischen Studienhemmission
fr ebektrischen Pahnbetrieh

—

der

1912

Railway track costs 62 Mio. CHF/km
(Highway costs 150 - 330 Mio.CHF/km)

Prof. Dr. Andreas ZUTTEL, e: andreas.zuettel@epfl.ch, m: +41 79 484 2553

1920 Miihleberg

Ref.: "Die Elektrifizierung der Schweizerischen Bahnen mit besonderer
Berlcksichtigung der ehemaligen  Gotthardbahn.",  Sonderbericht der
Schweizerischen Studienkommission fur elektrischen Bahnbetrieb erstattet an die
Generaldirektion der Schweizerischen Bundesbahnen. Mai 1912.

Electrifying
§ 1.23 — 2.6 Mio.€/km

i every 27mis a pole,
® 35— 70 k€ per pole

Ref.. Germany: Lindau -Miinchen 500 Mio.€ for 189km incl. noise
protection, new train station...
Denmark: whole railway 1'600 Mio.€ for 1300 km

Swiss Physical Society, Fribourg 30. June 2022 11
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Energy demand i
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Electricity demand and PV production
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— Month

Energy [KW-capita’
Hydroelectricity 0.48 0.48

other renewables 0.11 0.11
Biomass 0.27 0.27

0.32 PV Electricity 0.32
Vehicle fuel 0.83 PV Electricity 0.65
Heating oil 0.45 H, or syn. HC 1.71
Natural gas 0.43

0.31 Synthetic HC 0.31
Total Energy 3.20 2.13 3.20
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End Energy demand

End energy 2019

18 TWh-y

36 TWh-y!

26 TWh-y?

24 TWh-y!

9 TWh-y

234 TWh-y1
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End Energy demand

End energy 2050

18 TWh-y

9 TWh-y

234 TWh-y1
=
= H,

Prof. Dr. Andreas ZUTTEL, e: andreas.zuettel@epfl.ch, m: +41 79 484 2553

9 TWh-y'!

End energy 2050

18 TWh-y!

36 TWh-y!
26 TWh-y1 26 TWh-y!
24 TWh-y'1

-73 TWh-y1
-31%

161 TWh-y

Swiss Physical Society, Fribourg
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Efficiency and Cost
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Cost of 1 kWh Electricity
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Renewable Energy Systems: Technology
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Renewable Energy Systems: Annual Cost/capita

Electricity Hydrogen
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Renewable Energy without Seasonal Storage
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*green numbers represent additional energy if biomass is used for synthetic air fuel
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Production of Hydrogen in Australia
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Synthetic Aviation Fuel
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= Keine neuen Kernkraftwerke
(KKW)

» Bestehende KKW werden be-
trieben, solange sie sicher
sind (Entscheid ENSI)

= Bereits stiligelegt:

- Muhleberg (2019)

= Noch in Betrieb:

- Beznau | (seit 1969)
- Beznau Il (seit 1971)
- Gosgen (seit 1979)

- Leibstadt (seit 1984)

+24 TWh-y?

=7

3 2x1GW
Speicher oder H, Kraftwerke
+7 TWh zm & 151 Tage/Jahr

Swiss Energy Strategy 2050+

Ausbau erneuerbarer Energien

5 & 4

= Ziel: Produktion erneuerbare
Energien 2035 ohne Wasser-
kraft: 11400 GWh
(2020: 4700 GWh)

= Ziel: Produktion Wasserkraft
2035: 37 400 GWh
(2020: 36 740 GWh)

= Erhéhung des Netzzuschlags
von 1,3 auf 2,5 Rp. pro kWh

* Neues Fordermodell Photovol-
taik: Einmalvergutung statt KEV

* Gleichstellung mit Landschafts-
schutz (Guterabwagung)

9 TWh-y! 18 TWh-y! 36 TWh-y!

A L

Speicher oder

a1
+48TWh-y™ o Twh

Swiss Physical Society, Fribourg

= Ziel: Gesamtenergieverbrauch
pro Kopf bis 2035 um 43 %
senken

= Ziel: Stromverbrauch pro Kopf
bis 2035 um 13 % senken

= Mobilitat: verscharfte Emissi-
onsvorschriften seit 2021

* Gebaudeprogramm: CO,-Ab-
gabe und steuerliche Anreize
flur Sanierung

= Intelligente Stromzahler
(Smart Meter)

Elektrifizierung -31%
zusatzlich -13%

Sy

| OiL_|
L
+26 TWh-y'!

4 x 1GW
H, Kraftwerke
151 Tage/Jahr

Ref.: Andreas ZUTTEL, Noris GALLANDAT, Paul J. DYSON, Louis SCHLAPBACH, Paul W. GILGEN, Shin-Ichi ORIMO, “Future Swiss Energy Economy: the challenge of
storing renewable energy”, Frontiers in Energy Research: Process and Energy Systems Engineering, 9 (2022), https://doi.org/10.3389/fenrg.2021.785908
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Renewable Energy for the World e

space, solar intensity, shifted season

Albanes.e YOWS to tranSform ;?AS?S(CSCE;ZC POWER POTENTIAL @y womommecencue
Australia into clean energy s ML L il .
‘superpower’ e TS e e

Incoming Australian prime minister Anthony Albanese has
promised to make the nation a “renewable energy superpower”
in the wake of Labor’s federal election victory at the weekend.
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Long term average of PVOUT, peried 2007-2018
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20 TW as H, (1000 km)?

Anthony Albanese is promising an end to the "climate wars".

H 18GWasH, (30 kmy?

Image: Facebook
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?j 15th INT. SYMPOSIUM
\H;' HYDROGEN & ENERGY
22. - 27. January 2023
Seeblick Hohenhotel,
Emmetten, Switzerland

http://hesymposium.ch/

SUBIJECTS

¢ Hydrogen production
¢ Hydrogen storage

¢ Fuel Cells

e Batteries

¢ Synthetic fuels
* Theory & modelling
¢ Applications

ORGANIZER

Prof. Dr. Andreas ZUTTEL, Mrs. lvana SUTER

Ecole Polytechnique Fédérale de Lausanne (EPFL)
Institut des sciences et ingénierie chimiques (ISIC),
CH-1015 Lausanne, Switzerland
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STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Allan WALTON, England
Heena YANG, Korea

Bjorgvin HIOVARSON, Sweden
Sabrina SARTORI, Norway
Robert SCHLOGEL, Germany

PROGRAM

Su Mo Tu We

Th

Fr

12:00
Lunch

14:00 I

Recept. social depart.

event

17:00

18:00 Din. Dinner | Dinner| Dinner Conf.

21:00 Poster | Poster dinner

inv. lec. inv. talk, talk

Swiss Physical Society, Fribourg

SEEBLICK HOHENHOTEL

Hugenstrasse 24, CH-6376 Emmetten,
Switzerland

T:+41 41 624 41 41, e: info@hotelseeblick.ch
U: http://www.hotelseeblick.ch

REGISTRATION

Conference fee CHF 1400

incl. conference facilities, internet, proceedings
and social event, excursion, coffee breaks,
lunch, dinner, conference dinner, beverages at
poster sessions.

Registration online:
http://hesymposium.ch/
Registration and abstract submission:

before 15t October 2022
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Future Swiss Energy Economy: The
Challenge of Storing Renewable
Energy

Andreas Zittel '**, Novis Gallandat "?, Paul J. Dyson’, Louls Schiapbach®, Paul W. Giigen®
and Shin-ichi Orimo*

Laborstory of Maeterils Aor Rerewatde Enorgy AMER), sttute of Chemicel Scences and Engneenng £5XC), Ecole
Poitectrague Ficin e Lasarne, DPYL, Lasarre, Swtowind, "lmps Mateats Scherce and Techrotgy, Oubendont,
Switrereral Labonstory of Organcmetalic and Modicng Chemistry LOOM,. inssiute of Chemicl Sciences and Engreeng
£SIC), Ecoks Poktectviue Féoirake 0o Lausarre, EFFL. Liusirne, Swtoertnd. “Ementus Emps and ETH 20nch and Universté
o Frboury, Friboug. Swiwisnd, *Fommeny Empe Matwrials Science snd Technology. Ditencior, Swtaeand “WeY Acvenced
ratiute for Materiss Research (AR AMSR). Tonoku Universty, AcDa du, Sendi, Jaoen

Fossil fuels and materials on Earth are a finite resource and the disposal of waste into the
air, on land, and into water has an impact on our environment on a global level. Using
Switzerland as an example, the energy demand and the technical challenges, and the
economic feasbiity of a transttion 10 an energy economy based enfirely on renewable
enorgy were analyzed, Throe approaches for the complete substitution of fossil fuals with
renewable energy from photovolaics called energy systems (ES) were considered, Le., a
purely electric system with battery storage (ELC), hydrogen (HYS), and synthetic
hydrocarbons (HCR). ELC s the most energy efficient solution; however, It requires
seasonal electricity storage 10 meet year-round energy needs. Meeting this need
through batteries has a significant capital cost and is not feasible at current rates of
battery production, and expanding pumped hydropower to the extent necassary will have
a big impact on the ermironment. The HYS alows underground hydrogen storage to
balance seasonal demand, but requires buldng of a hydrogen infastructure and
appications working with hydrogen. Finally, the HCR requires the largest photovolaic
(PV) field, but the infrastructure and the appications already exist. The model for
Switzerland can be appled 10 other countries, adapting the solar iradiation, the
energy demand and the storage options,

gy, o ™ gy

Abbreviations: ES, energy sywierns: ELC, sebstitution of fosdl fuch theough cloceriication: HYS, substitation of fossd facls by
hydoagen, HOR, substinution of fosd fucls by synthetic hydrocarbons, PV, phatovoliacs CO,, carbon onide. KWV pear,
kilowstt hours per year = terawatts 10 * KW/TW 368 duyfyear 14 Mday, GW,. pigewatt pesic TW,. teowwat peaks <>,
verage powes, W, anseal esergy per year. | anevaal sole irradiution: 4, effickency; A, PV sarface soen Py, PV pesl power. P
average power; <I'>/1y, power factor; C, capital cost (CAPEX): Z, interest; P, anowad payback; n, scmber of years Cy, cost of
the enrgy per enengy ek B annusl enengy recetved from the enengy systens OPEX, operational ot C, oot of the enengy
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Andreas ZUTTEL, Noris GALLANDAT, Paul J.
DYSON, Louis SCHLAPBACH, Paul W. GILGEN,
Shin-Ichi ORIMO, “Future Swiss Energy
Economy: the challenge of storing renewable
energy”, Frontiers in Energy Research: Process
and Energy Systems Engineering, 9 (2022),
https://doi.org/10.3389/fenrg.2021.785908
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Ilcons

i3t nss
......

Nuclear energy

Mobility & heat

Aviation

PV feasible roof area in Switzerland

Batteries for day & night storage

Hydropower plant of the size of Grand Dixence
Barrel (159 L)

Cavity of the size of the Gotthard base tunnel
Existing PV und wind power plants

Used biomass

Existing hydropower plants



