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World Energy Demand
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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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Energy and Economy in Japan
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CO, Emitters by Sectors

Residential
(23 %)

100% = 33.9Gt

Heat, 2% (2014)
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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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Global Warming vs. Cumulative CO, Emissions
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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
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Electricity and Renewable Energy
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Final Energy Consumption by Source in Japan

each energy source give a better approximation of final energy consumption.
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Ref.: Source: BP Statistical Review of World Energy, OurWorldInData.org/energy ¢ CC BY

Note: 'Other renewables' includes geothermal, biomass and waste energy
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Electricity Production by Source in Japan O
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Ref.: Our World in Data based on BP Statistical Review of World Energy & Ember (2022), OurWorldInData.org/energy
Note: 'Other renewables' includes geothermal, biomass and waste energy
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Share of Electricity Produced by Renewables in Japan ‘

Renewables includes electricity production from hydropower, solar, wind, biomass and waste, geothermal, wave
and tidal sources.
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Ref.: Source: BP Statistical Review of World Energy, OurWorldInData.org/energy ¢ CC BY
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CO, Emissions by Sector in Japan

(100 million t-CO2)
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Ref.: https://www.enel00.jp/map_2_en
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Total CO:; emissions FY2019: 1,11 billion t-CO:
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18 19 (FY)
(Note) The numerical values show the indirect emissions (CO; emissions associated with power generation or heat generation are allocated to individual end
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% Current Energy Supply in Japan (2021) n O
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3.4. Monthly Solar Irradiation
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Photovoltaic Develobnment

R ER

Cost: 750 S/kW,
(offers <400 $/kW,, )

$ per Watt

PV still working after 30 years.

The cost of installation increases the
cost of photovoltaics to =1200

Solar Choice Price Index ($ per Watt)

-8.9%/year

$/kW, | |
Ref.: https://www.solarchoice.net.au/blog/solar-power-system-prices
Parameter Relationship Value
Average power <P> <P>=1kW
Annual energy per year W = <P>-8760h/y W =8.76 MWh/y
Annual solar irradiation 1050 <1 £ 1550 kWh-m=2-y? <|>=1100 kWh:m=2-y'1
Efficiency n n=20%
PV surface area A=W:|1n1 A=40m?
PV peak power P, =1 kW-m2-A:n=1kW-m211<P>8760h/y Pp =8 kW

Power Factor <P>/P, =I-(1 kW-m=2-8760h/y)* <P>/P, =0.125
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Electricity based Energy Systems

| . 1.3 kWh m 1.3 kWh

. 1.8 kWh 1.7 kWh 1.6 kWh 1.1 kWh
’,‘ /é\
‘ﬁ 4 P2 ; 4 1800 m 4
D whw D

Photovoltaik Pb-Battery Grid Hydro pump
0.04 S 0.15S 0.23$
1.0 kWh 0.8 kWh 0.70 kWh 0.66 kWh
zé\ m
4 4 = =) 4
% 777 U
Grid Charger Li-Battery Inverter eMotor
0.56 $ 0.72$ 1.06 $ 1.36 $
0.13S 0.19S 0.45S 0.72S
Electricity direct PV Day 0.04 S/kWh
Electricity Hydro Grid 0.13 S/kWh
Electricity direct PV Night 0.15 S/kWh
Electricity from PV Grid 0.23 S/kWh
Electricity seasonal storage 0.56 S/kWh

Hydro turbine

0.45$
0.055

L

37 %
60 %

1.0 kWh
b
ﬁ
Grid
0.56 $
0.13$

Cost of 1 kWh
from PV
from Hydro
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Replace fossil produced electricity with PV electricity O

1154 TWh/year @227 TWh
“®-

4273 km? 2884 GWh

PV 1.1% of Japan

Global Battery Production
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800 -
m Pb acid
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C [GWh]

o 2005 2010 2015 2020 2025
Year

400
mlll
0

DDl C = 2884 GWh
Pp = 855 GW

4 year global battery prod.

750 TWh/year

86 GW 0.34 S/kWh

+23 x Okawachi

W,, = 10 GWh
P=1280 MW, t = 8 h

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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Replace fossil energy with PV electricity ‘

2446 TWh/year 481 TWh 1590 TWh/year

9059 km? 6115 GWh 182 GW  0.34 S/kWh

PV 2.4% of Japan >7 year global battery prod. +48 x Okawachi

Global Battery Production
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. B 600
ol 400
% 0 .
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C [GWh]

2. 2005 2010 2015 2020 2025
Pp = 1800 GW P=1280 MW, t=8h

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 Systems

underground storage
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Efficiency of Renewable Energy Conversion
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Replace fossil energy with PV electricity and H,

3,837 TWh/year 550 TWh

»_ ﬁ

0 :H< (‘J \ Aﬁ - 0~
4 o

L}

2,200 TWh/year

Cat. H, comb.
M /

14,211 km? 9,593 GWh 251 GW

443 kg H,/year , g%

")

PV 3.8 % of Japan

18 S/kg H,
0.46 S/kWh

underground hydrogen storage

V=979 Mm3

- 4
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Synthetic Hydrocarbons
n CO, +2(2n+1) H, = C Hynsq) + 2n H,0

AAAAlaaaLh

FT-Synthesis
H,O
H,, CO H RWGS }

flue gas atmosphere
200.0% -------- l ---------------------------------------------------------- } €O,
50.0
5 H,
» 100.0
2 &
8 500
i
0.0% Cost

p CO, air capture: 0.5 - 3 $/kg CO,
R FT SyntheSIS. 02 i 05 s/kWh

CO, concentration [ppm]
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5,996 TWh/year

22,210 km2 14,242 GWh 366 GW
PV 4.5 % ofJ_apan

L e o o PV gt 300 S50
I 2 1

P, = 4442 GW
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Replace fossil energy with PV and synthetic hydrocarbons @
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572 Mt CO,/year

2,200 TWh/year

FT-Synthesis 158 v barrel/year

7.4 S/LHC
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Production of Aviation fuel .

34 Mt CO,/year

354 TWh/year 130 TWh/year

1312 km? 842 GWh 96 M barrel/year
T 7.4 $/L HC

0.75 S/kWh
Synthesis of hydrocarbons

2 x GTL Qatar
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Electrification and Hydrogen Power Plant during Winter ¢

5 month
A 7/day 145,000 t/day \\'\(\

SRSy .

H, Shiph
(LH, Ship 250’000 m3) H, gas fired power
plant 1590 TWh/year
2446 TWh/year 14 481 TWh/5 months }/\
' )-

o G gy g &S Tarm
—4>4 — o

9059 km? 6115 GWh 182 GW  0.34-0.98 $/kWh

W v

Bﬁw
EXE

PV 2.4% of Japan
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. 7/day
— —_— —

Hydrogen Production in Australia z .

1307 TWh/5 months

- Photovoltaics Pb-Battery Electrolyser Compressor Pipeline
11,518 km? 7842 GWh 234 GW
(107 km)?

854 TWh/5 months

'l

‘ 5 months
H, Shiph Pipeline 145,000 t/d

H, Liquifaction .
(LH, Ship 250’000 m3)

Compressor

20.23 $/kg H,

.
w W

‘ 4
% - 481 TWh/5 months

H, gas fired power Grid 0.98 S/kWh
plant



Hydrocarbon Production for the World (12TW)

(1000 km)? FT-Synthesis -
;Jﬁ‘g:;:/g:;:;c POWER POTENTIAL @) womosumcncur 10°L H C/ year
AUST!!AUA ESMAP (XD

“l+7 . % Synthesis of hydrocarbons 7.4 S/LHC
~' 1300 x GTL Qatar 0.75 $/kWh

[t

175 Mio. barrel/day
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'Melt;ou}ne
J ' Market volume: 7400 BS/year
Benefit: 740 BS/year
oyma 5t an aaTa e 4 0 GDP(Australia): 1300 BS/year (2019)

vvvvvv wor e e e e Coal Export: 0.3 Gt/year (30 BS/year)
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9.1. Renewable Energy
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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
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