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Globale Erwarmung vs. kumulierte CO, Emissionen
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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



Globale erneuerbare Energieproduktion
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Ref.: https://ourworldindata.org/energy

@ globaler Energiebedarf




Entscheidung die Kohle durch Elektrizitat zu ersetzen 1912

Die Elektrifizierung
der Schweizerischen Bahnen

ehemaligen Gotthardbahn,

Sonderberich

Schmcizerischen Studienhemmisslom
fir ebektrischen Pahnbetrieh

dor S

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

1912 Elektrifizierung
1.23 — 2.6 MCHF/km
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aIIe 27m ist ein Mast
35 70 kCHF pro Mast

f Ref.: Deutschland: Lindau - Minchen 500 MCHF fur 189 km incl.

Schienen Kosten 62 MCHF/km Larmschutz, neuer Bahnhof...
(Autobahn Kosten 150 - 330 MCHF/km) Danemark: Elektrifizierung 1'600 MCHF fiir 1300 km



Schweizer Tourismus mit erneuerbarer Energie

Saison in der Schweiz
100 W/m? 160 W/m?2 100 W/m? 40 W/m?
Windkraft
Energieverbrauch
Sonnenintensitat

USSRl P PR

Prof. Dr. Andreas ZUTTEL, e: andreas.zuettel@epfl.ch, m: +41 79 484 2553 SKAL International Bern 22.Juni 2023 5



Fehlende Elektrizitat Gber die letzten 35 Jahre
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Ref.: Oliver Ruhnau, and Staffan Quist,"Storage requirements in a 100% renewable electricity system: extreme events
and inter-annual variability", Environ. Res. Lett. 17 (2022) 044018, https://doi.org/10.1088/1748-9326/ac4dc8



Die Schweizer Energiewirtschaft 2019
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total 156 TWh-y! (-33%)
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Der Schweizer Energiebedarf 2019

Energiebedarf (2019) Elektrifizierung
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Albanes.e YOWS to tranSform ;:A;[;oyoci;;c POWER POTENTIAL @y womommecencue
Australia into clean energy ST — il il
‘superpower’ ==L 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.

MAY 23, 2022 DAVID CARROLI
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Long term average of PVOUT, peried 2007-2018
Daily totalx 26 30 34 38 &2 “6 50 54

" O W

Yearly totals 949 1095 24 1387 1534 1680 1826 nn
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Anthony Albanese is promising an end to the "climate wars".
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Image: Facebook
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Future Swiss Energy Economy: The
Challenge of Storing Renewable
Energy

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

Laborstory of Meterils Aor Rerewatie Enorgy AMER), sttute of Chamicel Scences and Engneeng £5C). Eoole
Poitectrague Fici e Lasarre, DP9, Lasarre, Swtowid, "lmps Mateats Schence and Techrotgy, Oubendont,
Switorena “Latonory of Organcmetalic and Modicne! Chemisty LOOM, instthute of Chemical Scences and Engineeng
£SIC), Ecoks Poktectviue Féoirake 0o Lausarre, EFFL. Liusirne, Swtoertnd. “Ementus Emps and ETH 20nch and Universté
oo Frbourg, Frboug, Switwdsnd, "Fommeny Empe Matorials Scince and Technology. Dibonciort, Swtrana "W Aovenced
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 feasbility of a transtion 10 an energy economy based entirely on renewable
enorgy were analyzed, Throe approaches for the complete substitution of fossil fuals with
renewable energy from photovolaics caled 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 ervironment. The HYS allows underground hydrogen storage to
balance seasonal demand, but requires bulkdng 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.,

Ry, > u gy

Abbreviations: ES. energy sywiems: ELC. sabutitution of fomil fuch through deceriicatiors HYS, wbstitation of fossd facls by
Mydoogen, HOR, substinution of fossd fucls by symthetic bypdrocarbons, PV, phatovelincs ©0,, carbon Gonide. KWhVyear,
kilowatt hours per year = terawatts 10 ¥ KW/TW 368 dayfyear 24 Wdsy, GW,. pigewalt peskc TW,. teowwat peakc <P,
wverage powee; W, anseal esergy per year: |, anevaed solae irradiation: 3, effickency; A, PV sarface acen: Py, PV pesk power. P,
average pawer; <P>/1y, power factor; C, capital cost (CAFEX): 7, interest; P, anoal payback: n, scmber of yearx Cy, cont of
the enengy per enngy wnk; K. annsl enengy recetved from the enengy systens OPEX, operational cost; C,, oot of the enengy
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