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 ◄Ⱡꜟ◑כ◌≥כⱲfi♬ꜙכ♩ꜝꜟ 

◄Ⱡꜟ◑כ ─  

─ ╛ ─ ⁸AI ╩│∂╘≤⇔√♦☺♃ꜟ

─ ╩ ⌐⁸ ─◄Ⱡꜟ◑כ │ ⅜ ↄ⁹

╛ ≤™∫√ ◄Ⱡꜟ◑כ ◄Ⱡ ─ ⅜ ╗╙──⁸▪☺

▪⌂≥≢│ ─ ⅜ ↄ ╢ ⇔∞⁹◄Ⱡꜟ◑כ─ ⅜

∆╢ ⁸ ─ ⌐ ⅎ⁸ ◄Ⱡ ⌂≥⌐ ℮ ⌐≈™

≡╙ ⅜ ⇔ↄ⌂∫≡™ↄ∞╤℮⁹ 

 

ⅎ╢ ≤  

É▪☺▪╩ ⌐ ─ ⅜ ↄ 

─ │⁸  - ─≤⅔╡⁸ ⌐▪☺▪╛ ⁸

 
1 International Energy Agency (IEA ), òElectricity 2024ó, Jan.,2024 

⌂≥─ ╩ ⌐ ⅎ ↑≡⅝√⁹ ⌐ ╢≤⁸ ה

│ ─ ≤ ⇔≡ ┘ ⅜ ™ ⁸▪☺▪⁸ ⁸ ⌂≥

⅜ ™ ≢│⁸ ⅜ ⇔≡™╢⁹ ⌐▪☺▪─

│ 1994 ⌐ ╩⁸2004 ⌐ ╩ ╡⁸2020 ≢

─ 5 ↄ╩ ╘╢╕≢⌐ ⇔√⁹ 

╙↓─ ⌐ │⌂ↄ⁸ ◄Ⱡꜟ◑כ IEA ⌐╟╢≤ 2026

╕≢─ ─ 85 │ ─ ₁⅛╠╙√╠↕╣╢1⁹▬

fi♪╛ ▪☺▪≢│ ⌐ ∫≡ √╡─ ⅜ ⌐

⇔≡™╢⁹ │ ⅜ ∆╢ ≢ ─ ┘⅜ ⇔≡™╢

╙──⁸2026 ─ │ 2022 ⅛╠ 1,400♥ꜝ꞉♇♩▪꞉כ TWh

ⅎ╢≤ ↕╣≡⅔╡⁸↓╣│ EU ─ ─ ─ ⌐

∆╢  - ⁹ 

 -  ─ ─  

 

◄Ⱡꜟ◑כ ₈ 4 ◄Ⱡꜟ◑כ⌐ ∆╢ ◄Ⱡꜟ◑כ

2023 ₉(2023 6 ) 

 -  ─ ─  

 

International Energy Agency  (IEA), òElectricity 2024ó , Jan.2024. 
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É ─ │2010─2 ⌐ 

IEA ⅜ 2023 ⌐ 3≈─◦♫ꜞ○≢ ⇔√◄Ⱡꜟ◑כ ⌐╟╢≤⁸

─ │⁸  - ─≤⅔╡⁸2050 ⌐⅛↑≡™∏╣─◦♫

ꜞ○≢╙ ⅜ ╕╣╢2⁹↓─℮∟ ⌐ ה ╖─ ⌐ ⇔≡

↕╣√◦♫ꜞ○₈STEPS Stated Policies Scenario ₉⌐╟╢≤⁸2050

─ │ 44,167TWh ≤ 2010 ─ 2 ⌐ ⅎ╢⁹ ─

⌐№╢─│ ╛ ─ ⁸ ─ ∞⁹ ─ │ 2050

╕≢⌐ 17 ∆╢≤ ↕╣≡™╢⅜⁸∕─╒≤╪≥⅜▪☺▪≤▪

ⱨꜞ◌─ ⌐ ∆╢⁹ ≢ ⅜ ╙ ┘╢─│▬fi♪≢⁸

2050 ⌐│ ≢ ▪☺▪╛▪ⱨꜞ◌╩ ╢ ⌐⌂╢ ⇔∞⁹ 

É │3  

 ⌂ ╩╕⅛⌂℮√╘⁸ ─ ╙▪☺▪╩ ⌐ ⇔

 
2 ₈World Energy Outlook 2023 ₉≢ ⌐ ≠ↄ₈ STEPS₉⁸ ─

⌐ ≠ↄ₈ APS₉⁸ ●☻ Ⱡ♇♩♀꜡ ╩ ≤⇔√₈Ⱡ♇♩

♀꜡ NZE₉─ 3≈─◦♫ꜞ○⌐ ≠™≡ ⇔≡™╢⁹ 

≡™ↄ⁹ ─ ≤⇔≡│⁸ ⌂≥ ◄Ⱡ─ ⅜ ╗╙──⁸

≤⇔≡ ╛ ●☻╩ ≤∆╢ ─ │ ↄ ╢∞

╤℮⁹  - ─≤⅔╡⁸IEA ─ ⇔≢│⁸ ─ ╩ ⌐⇔√

STEPS ◦♫ꜞ○≢№∫≡╙ 2030 ╕≢⌐ ─ ⅜Ⱨכ◒⌐ ∆

╢⁹ ⅛╠ ╢≤⁸2022 ─ ─ ─℮∟ │ 61%

╩ ╘≡⅔╡⁸ │ ⅜ 36% 10,427TWh ⁸ ●☻⅜ 22%

6,500TWh ⁸ ⅜ 2% 709TWh ≤⌂∫≡™╢⁹STEPS◦♫ꜞ○≢│⁸

2030 ─ ─ │ 8,333TWh ╕≢ ↕╣╢ ⇔≢№╢⁹

⁸●☻ │ 6,611TWh ≤╒╓ ┌™≢⁸2030 ╕≢⌐│ ≢─●

☻ ─ ⅜⁸ ≢─●☻ ─ ┘╩ ∆╢≤ ╕╣≡™

╢⁹ ─ ⅜ ↄ↓≤≢⁸2050 ─ ⌐╟╢ │

11,373TWh ≤⁸2022 ⅛╠ 3 ↕╣╢ ⇔≢№╢⁹ 

 

 

 

 -  ─ ≤ ─ ⇔ ◦♫ꜞ○  

 

IEA, òWorld Energy Outlook 2023ó , Nov.2023. 

 -  STEPS◦♫ꜞ○⌐⅔↑╢  

 

IEA, òWorld Energy Outlook 2023ó , Nov.2023. 
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⌐ ─ ╩ ≢⅝╢ │⁸ ∆╢ ⌐ ∆

╢ ≤⇔≡ ⅜ꜟꜝ♩כꜙ♬Ⱳfiכ◌⁸⅜∞ ⌂ ≤⌂╡≈≈№

╢ ⁸ CO2 ─ ⌐╙ ╡ ╗ ⅜№╢⁹

╩ ⌐ ⇔≡™ↄ⌐│⁸CCS ה ⌂≥ CO2╩ ⅎ

╢♥◒ⱡ꜡☺כ─ ⅜◌◑⌐⌂╢⁹ 

 

◄Ⱡꜟ◑כ ─  

É ╛▪☺▪│ ╙ 

⌐ ↑√ ⅜ ╕╢ ⁸ ┼─ ─ │

╩ ⌐ ╪≢™╢⁹IEA ─ ⇔≢│ STEPS◦♫ꜞ○⌐⅔™≡

─ │ 2030 ⅜Ⱨ⁸⅜╢™≡╣↕≥◒כ ≢│∕─ ╙

⅜ ⌂◄Ⱡꜟ◑כ ≢№╡ ↑╢∞╤℮⁹ ⌐ ╛▪☺▪≢│●☻

─ ⅜ ╕╣⁸2050 ─ ─●☻ │ ─ 47%⌐№√

╢ 1,968 km 3╩ ╘╢ ⇔∞⁹ 

⁸2022 ─꜡◦▪⌐╟╢►◒ꜝ▬♫ ⁸ ⅜꜡◦▪ ●☻

⅛╠─ ╩ ∫√↓≤≢⁸ ⌂ Ᵽꜝfi☻⅜ ╣⁸ ●☻

LNG ─ ⅜ ⇔√⁹↓╣⌐ ⅎ≡⁸ ─ ╙ꜞ☻◒╩ ╘

≡™╢⁹↓─╟℮⌐ ꜞ☻◒⅜ ╕╢ ≢●☻ ⅜ ⅎ≡ ↑┌⁸

╛▪☺▪⌂≥≢│ LNG ─ ⅜ ∂╢ ⅜№╢⁹ 

 

É◒ꜞכfi◄Ⱡꜟ◑כ⅜ ╩ ╡ ⅎ╢ 

│ ⅜ ↄ ⅜ ⌂™√╘⁸ ╩ ⅛╠ ⌐

⇔≡™╢⁹2021 ⌐⅔↑╢ ─◄Ⱡꜟ◑כ │ 13.4%≤⁸↓╣│ ─

OECD ≤ ⇔≡╙ ™ ≢№╢  -

⁹↓─ ™ │⁸◄Ⱡꜟ◑כ ⅝⌂ꜞ☻◒╩╙√╠⇔

 
3 United Nations Development Programme, ò2023-2024 human development report ó, 

Mar. ,2024. 

≡⅔╡⁸◄Ⱡꜟ◑כ ─ ⅜ ⅝⌂ ≤⌂∫≡™╢⁹ ─╟℮⌐

◄Ⱡꜟ◑כ─ ─ ™ │⁸↓℮⇔√ ⌐↕╠↕╣╢ꜞ☻◒

╩ ∫≡™╢⁹ 

◄Ⱡꜟ◑כ ╩ ╘╢⌐│⁸ ╩ ⌐ ⇔⌂™ ╛ ◄Ⱡ

─┼כ◑ꜟfi◄Ⱡכꜞ◒√∫™≥ ⅜ ≢№╢⁹ ⅎ≡⁸ ≤

◄Ⱡ⅜ ∆╢ │⁸ ╩ ⅎ√ꜞ☻◒⅜ ╕╢ ⅜№╢↓≤⅛

╠⁸ ⅛╠─ │⁸ ─ ╩ ⅎ╢ ⅜ ™3⁹ 

IEA ─ ≢│⁸ ⁸ ┼─ 1 ♪ꜟ≢№╢─⌐ ⇔⁸◒

כ◑ꜟfi◄Ⱡכꜞ ↑─ │ 1.8 ♪ꜟ≢№╢⁹2030 ⌐⅔↑╢ ─◄

Ⱡꜟ◑כ │⁸STEPS≢╙ 3.2 ◑ꜟfi◄Ⱡכꜞ◒∟⁸℮╡⌂≥ꜟ♪

│כ 2.5 ♪ꜟ╩ ╘╢≤ ⇔≡™╢  - ⁹ 

 

 -  ─◄Ⱡꜟ◑כ 2021  

 

IEA ,ΓWorld Energy Balancesó╟╡  

ֶ׀ׇׂׅ׃

גֶ׀דב

ֶ׀ׇ׆א א ׃ֶ׀ׅ

ֶ׀ׂ׆ׇ

ׅ ֶ׀ׇׅ

׃ ׆ֶ׀ׅ

ֶׂ

ֶׂׄ

ֶׂ׆

ֶׂא

ֶׂג

ֶׂׂ׃

ֶׂׄ׃

ᶹḻḑ ♣ ḝḱḻḁ ḑᶹḌ

טּ

ᶽḕ
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─┼כ◑ꜟfi◄Ⱡכꜞ◒  ⅜ ╗↓≤⌐╟∫≡⁸IEA │ 3 ≢

⌐ │ ∆╢≤ ╪≢⅔╡⁸2024 ⅛╠ 2026 ⌐⅛↑≡│

─ ┘│  3.4% ╕≢ ∆╢≤ ↕╣≡™╢4⁹↓─℮∟⁸2026 

╕≢─ ─ ─ ─ 85%│⁸ ⁸▬fi♪⁸ ▪☺▪

⅛╠╙√╠↕╣╢≤ ⇔≡™╢⁹ 

 

É ─ │ ⅛╠ ┼ 

2050 ⌐ ─┼כ◑ꜟfi◄Ⱡכꜞ◒⁸│≡↑ ⌐╟∫≡ ┼─

⅜ ⇔⁸ ₁⌐ ─ │ ∟ ↄ≤ ╢↓≤⅜≢

⅝╢⁹⇔⅛⇔ ─כ◑ꜟfi◄Ⱡכꜞ◒⁸≢ ⌐ ∫≡⁸ ┼

─ ⅜ ╕╢≤™℮ꜞ☻◒╙ ∂╢⁹ ⁸ꜞ♅►ⱶ⁸♬♇◔ꜟ⁸◖Ᵽꜟ

─≤⌂☻כ▪▪꜠⁸♩ │⁸ ─Ᵽ♇♥ꜞ⁸כ♃כ⸗╛כ

 
4 IEA, òElectricity 2024ó, Jan.,2024 

─ ⌂≥⌐ ⅛∑⌂™⁹IEA ⌐╟╣┌⁸ ─ │ STEPS

◦♫ꜞ○⌐⅔™≡⁸2030 ╕≢⌐ 2022 ⅛╠ ⇔ 20ⱷ●♩fi Mt ╕

≢ ∆╢≤ ╕╣≡⅔╡⁸ ⌐ EV ╛ ≢─ ┘⅜

≢№╢  - ⁹ 

│ ╩ⱶ►♅ꜞ╛☻כ▪▪꜠⁸⌐ ⌂≥─ ─ ⌐ ⇔≡™╢

ꜟꜝ♩כꜙ♬Ⱳfiכ◌⁸╠⅛≥↓ ⌐ ↑≡│⁸ ─ ⅜

⇔≡™ↄ∞╤℮⁹ ╩ ─ ⌐ ∆╢↓≤╛ꜞ◘▬◒ꜟ

─ ⁸ ─ ╩ ╠∆ ≤™∫√ ╩ ╘╢↓≤⅜

⌐⌂╢⁹ 

 

 

 

 - כ◑ꜟfi◄Ⱡכꜞ◒  ↔≤─ ─  

IEA,  òGlobal Critical Minerals Outlook 2024ó, May.2024. 

 -  ◄Ⱡꜟ◑כ ─ ─ ⇔ 

 

IEA, òWorld Energy Outlook 2023ó , Nov.2023. 
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─כ◑ꜟfi◄Ⱡכꜞ◒  

⌐ ↑√ ╖╩ ╘≡™ↄ⌐│⁸ ⅜ ⇔╛∆™ ◄

Ⱡꜟ◑כ ◄Ⱡ ╩ ⌂ↄ ℮↓≤⅜ ⌐⌂╢⁹ ─ ≤

╩ ┬ ╛ ⁸ ─ ₈ⱴ▬◒꜡◓ꜞ♇♪₉≤

™∫√ ◄Ⱡ╩ ∆╢√╘─▬fiⱨꜝ ⅜ ╗∞╤℮⁹ │

◄Ⱡꜟ◑כ ─ ⅛╠╙ ⅜ ╕∫≡⅔╡⁸ ╩ ╘╢ ╡

╖╩ ╘⌂⅜╠⁸ ⌐ ─ ⅝⅜ ⅜∫≡™ↄ≤ ⅎ╠╣╢⁹ 

 

≤ ⅜ ─ ⌐ 

É ◄Ⱡ │2050⌐⅛↑≡4 ⌐ 

─ ⅜ ╕╢ ⁸ ⌐ CO2 ╩ ↕⌂™ ≤

⇔≡ ╛ ≤™∫√ ◄Ⱡ─ ⅜ ⌐ ╪≢™ↄ⁹ ─ ◄Ⱡ

─ │ 2023 ≢ 4,141◑●꞉♇♩ GW ↕╣≡⅔╡⁸℮

∟ ⅜ 1,552GW⁸ ⅜ 1,007GW ∞∫√⁹2023 ─ │

506GW≤ ⅛╠ 50 ⅎ⁸℮∟ 4 ─ 3╩ ⌂≥⌐⅔↑╢

─ ⅜ ╘√5⁹2050 ⌐│⁸ ─ ◄Ⱡ│ STEPS≢╙ 19,120GW

℮∟ 12,639GW⁸ 3,874GW ⌐╕≢ ∆╢ ⇔∞⁹ 

◄Ⱡꜟ◑כ IE A ⌐╟╢≤ ─ ◄Ⱡ │ 2028 ╕≢⌐ 

7,300 GW ⌐ ∆╢≤ ↕╣╢⁹ ה EU ☺ꜝⱩה♪fi▬ה

ꜟ≢│⁸2023 2028 ⌐⅔↑╢ ≤ ─ ⅜

1,075GW≤⁸∕╣ ─ 5 ≤ ═≡ 2 ⌐ ⅎ╢ ╖∞⁹ 

╙∫≤╙↓─Ɑכ☻≢│ 2030 ╕≢⌐ ─ 2.5 ─ ⌐≤≥╕╡⁸

28 COP28 ≢ ↕╣√₈2030 ╕

≢⌐ ◄Ⱡ─ ╩ ≢ 3 ⌐∆╢₉≤™℮ ⌐│ ⇔⌂™≤

╖╠╣╢⁹↓─√╘ ▬fiⱨꜝ┼─ ╛ ⅔╟┘ ⌐

 
5 IEA, òRenewables 2023ó, Jan.,2024) 

∆╢ ⅜ ⌐⌂╢≤ ⅎ╠╣╢⁹ 

 

É │ ─ ⅜   

│ ─ ≤ ≤─ ╩ ╡⌂⅜╠⁸  - ─≤

⅔╡ 2030 ─ ⌐ ╘╢ ◄Ⱡ 36 38 ╩ ∆╢√╘⁸

⌐ ה ┼ ⇔≡™╢⁹2022 ─ ─ │

78.8GW≤ 5 ≢ 59 ┘⁸ │ 4.6GW≤ 31 ┘√⁹╕√⁸

≢─ ◄Ⱡ─ ≤ ─ ╩ ∆╢√╘⁸ ≢ ╩

╘╢ ≢№╢⁹ ⌐│⁸ ╩ ┬ ⌐≈™≡ 10

≢⁸ 10 ≤ↄ╠═≡ 8 ─ ≢ ╩ ∆╢≤⇔≡™

╢⁹ 

 -  ─ ה ─ ≤ 2030  

 

Energy Institute , ΓStatistical Review of World Energy Δ, Jun,2023 .⅔╟┘

IEA  , ΓMonthly Electricity Statistics Δ, Mar,2023  .╟╡  
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É ◄Ⱡ ─ ╙ ⌐ 

 ◄Ⱡ ⌐╟∫≡ ─ │ ⅎ╢⅜⁸ ≢│

╛ ⁸ √∫™≥ⱦfiכ♃ ╩ ∆╢√╘─ │ ─

⌐ ╠↨╢╩ ⌂™⁹ ⌐ ─ ≢ ™╠╣╢ ◦ꜞ◖fi│

⅜ 8 ─◦▼▪╩ ╘≡™╢⁹↓─ ╩ ╠⇔⁸ ╩

∆╢↓≤╙ ⌂ ≢№╢⁹ 

↓─ ╩ ⌐╟∫≡ ∆╢ ╖─ 1≈⅜₈Ɑ꜡Ⱪ☻◌▬♩

₉∞⁹ ⱤⱠꜟ─◘ⱪꜝ▬♅▼כfi│ ⌐ ⅝ↄ ⇔≡™

╢⅜⁸ ─ ≢№╢ꜜ► │ ⅜ ◦▼▪─ 30%╩ ╘╢√

╘ ⅜ ╘╢⁹ ─ ⌐ ═≡ ↄ ⁸ ≢№╢√╘

⌂ ⌐ ≢⅝╢─⅜ ≢⁸ ⌐ⱨ▫ꜟⱶ ≤●ꜝ☻ ─ 2 ─

⅜ ╪≢™╢⁹ 

ⱨ▫ꜟⱶ │ ─ ╛ ⁸ IoT ⸗ⱡ─▬fi♃כⱠ♇♩ ♦Ᵽ

▬☻⌐ ⅎ╢⅜⁸ ╛ ⌐ ⅜№╢⁹ │ ─

≢ ─ⱨ▫ꜟⱶ ⱪ꜡☺▼◒♩╩ ⇔≡⅔╡⁸

│ ⌐ ⁸ ─♦♇◐⌐ →╠╣≡™╢◘▬fi─ ⌐

∆╢6⁹ │☼כ☺꜡ⱡ◒♥♩כ◖ⱪ─◄Ⱡ♇▪♩כ♃☻

꜠☺♦fi◦ꜗꜟ≤ ╖⁸ ─ ╛ ⌂≥⌐ⱨ▫ꜟⱶ ╩ ⇔

≡ ╩ ∆╢ ╩ ╘≡™╢7⁹●ꜝ☻ │ ●ꜝ☻╩ ≢⅝⁸

╛ⱦꜟ⌐⅔↑╢ ⅜ ↕╣╢⁹Ɽ♫♁♬♇◒ⱱכꜟ♦▫fi◓☻

│●ꜝ☻ ─ ╩ ─☻ⱴכ♩◦♥▫≢ ⇔≡⅔╡8⁸

─Ᵽꜟ◖♬כ⌐ ⇔≡ ≤ ─ ╩ ∆⁹ 

 
6 ₈ ≤─ ⌐⅔↑╢ ─ⱨ▫ꜟⱶ Ɑ꜡Ⱪ☻◌▬

♩ ─ ⌐≈™≡₉ 2024 5 24  
7 ◄Ⱡ◖כ♩♥◒ⱡ꜡☺₈☼כ Ɑ꜡Ⱪ☻◌▬♩ ─ ╩ ₉ 2023

10 17  
8 Ɽ♫♁♬♇◒ⱱכꜟ♦▫fi◓☻₈ ⁸●ꜝ☻ Ɑ꜡Ⱪ☻◌▬♩  

Fujisawa ◘☻♥▫♫Ⱪꜟה☻ⱴכ♩♃►fi ≢ ╩ ₉ 2023 8 31

 

│Ɑ꜡Ⱪ☻◌▬♩ ─ ≢ ⌐ ⇔≡⅝√⅜⁸

≢│ ╡╙ ⅎ╢⁹ ─ │ 2019 ╕≢ 5 ≢

№∫√⅜⁸2020 │ ⅜ ╩ ∫≡™╢9⁹ 

 

É ─ │₈ ₉⅜ ╡  

 ─℮∟⁸ ≢ ╩ ⇔≡ ∆╢ │⁸ ⌐

═≡ ⇔√ ⅜ ╠╣⁸ ה ─ ⅜ ↕™≤™∫√ⱷꜞ♇♩⅜

№╡⁸ ─ ╩ ╘≡™╢⁹ ◄Ⱡꜟ◑כ DOE ⌐╟

╢≤⁸ ─ │⁸2022 ─ 59GW ⅛╠ 2028 ╕≢⌐

182GW╩ ⅎ╢ ⅜№╢10⁹ 

 ⌐│ ⌐ ⇔√ ⌐ ╩ ╡ ↑≡ ∆╢

≤⁸ ⌐ ╩ ⅛═≡ ∆╢ ─ 2 ─ ⅜№╢⁹

⅜ 50m ╩ ⅎ╢ ≢│⁸ ⅜ ⌐ ═≡ ⌐ ≤↕

╣≡™╢⁹ ⌐≈™≡⁸DOE ─ ≢│ ─ ─

⇔⌐≈™≡ ─ ╩ ⇔≡ ⇔≡⅔╡⁸2030 ╕≢⌐

10GW⁸2050 ╕≢⌐ 300GW⌐ ∆╢⌂≥ ₁⌐ ↕╣≡™╢⁹ 

⌐ │ ≢ ⅜ ⌐ ↄ⌂╢↓≤⅛╠⁸ ™ ⌐╙ ⌂

┼─ ⅜ ╕∫≡™╢11⁹ ─ ─ ⇔│⁸

╙ ╘ 2040 ╕≢⌐ 30 45GW ─ ╩ ⌐ →≡⅔╡12⁸

2050 ⌐ ↑≡ ⅜ ∆╣┌⁸ ─ ◄Ⱡ ─

⌂ ⅜ ╕╣╢⁹ 

 

9 ₈ ⅜╢ ⁸  │Ɽ♫♁♬♇◒ ₉ 2023

11 28  
10 U.S. Department Of Energy, òOffshore Wind Market Report: 2023 Edition ó, 

Aug.,2023. 
11 NEDO ⌐╟╢≤⁸ ⌐⅔↑╢ ╩ ⌂ │ ─ 5 №╢⁹ 
12 ₈2050 ⌐ꜟꜝ♩כꜙ♬Ⱳfiכ◌ fiכꜞ◓℮ ₉ 2021 6

13  
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─  

│◄Ⱡꜟ◑כ ≤ ≤™℮ ─ ⅛╠ ┘

─ ╩ ╘≡™╢⁹ ⌐ ↑√ ⌂ ╡ ╖⅜ ╗ ≢꜡◦▪

⌐╟╢►◒ꜝ▬♫ ╩⅝∫⅛↑⌐◄Ⱡꜟ◑כ ⅜ ↓╡⁸◄Ⱡꜟ◑כ

≤ ╩ ∆╢ ≤⇔≡─ ⅜ ↕╣≡™╢⁹ 

 

É ─ │2050⌐5  

IEA ─ STEPS◦♫ꜞ○⌐╟╢≤ ─ │ 2050 ⌐ 2022

─ 1.5 ─ 620GW ⌐ ⇔13⁸ ─ │ ≤∕─

⅜ ╘≡™╢⁹ ╩ ⇔≡™╢ ≢│ ─ ╛

⅜ ⇔⁸ ─ ─ │ ∆╢ ⇔≢№╢⁹ ⅎ

┌ ≢│ 2023 12 ⌐ ─ ●☻ ™ ≤ ╩

↓↕⌂™ ─ ╩ ≈ ⅜ ╩ ⇔√

╒⅛14⁸ │ 2024 ☼ꜟכ▼►⌐ ⌐⅔™≡ ─ ╩

∆╢ ╩ ⇔√15⁹ 

IEA ─ APS ◦♫ꜞ○≢│ 2050 ─ ─ │ 770GW⁸

NZE ◦♫ꜞ○≢│ 900GW╩ ⅎ╢≤ ↕╣≡™╢⁹™∏╣─◦♫ꜞ○⌐

⅔™≡╙ ⅜ ⌐⌂╢≤ ╠╣≡™╢⅜⁸ ≢─ ╛

⌂≥ ⌂ ⅜ ╘╢ SMR ꜟכꜙ☺⸗ ─ ⅜ ∆╢↓≤

╟∫≡⁸ ⌐│ ─ ╩ →╢≤ ⇔≡™╢⁹ 

IAEA ╙ 2050 ─ ─ ⇔╩ ⇔≡™╢

16⁹  - ─≤⅔╡⁸₈ ─ ⁸ ⁸ ─ ⅜ ⇔⁸

⌐ ∆╢ ⌂ ⁸ ⁸ ─ ⌂ ⅜╒≤╪≥⌂™₉

 
13 IEA, òWorld Energy Outlook 2023ó, Nov.,2023 
14 JETRO ₈ ─ 4 ⁸ ≢

₉ 2023 12 27  
15 JETRO ₈ ☼ꜟכ▼►⁸ ≢ ─

╩ ⇔√ ⌐╟╢ 2050 ─ │ 458GW⁸₈

╟╡╙ ≢№╢⅜ ⅜№╡⁸ ⌐ ≢⁸ ⌐

∆╢ ─ ╩ ₉⇔√ ─ ≢│ 890GW ⌐ ∆╢≤

⇔≡™╢⁹ 

É ╙∂╦╡ ⇔⅜ ╗ 

≢│ 2023 ⌐ ⇔√₈GX ₉⌐ ≠™≡

─ ⅜ ╘╠╣╢╟℮⌐⌂╢⌂≥⁸ ⅜ √⌂ ⌐

∫≡™╢⁹2021 ⌐ ⇔√₈ 6 ◄Ⱡꜟ◑כ ₉≢│⁸ ⌂

₉ 2024 6 3  
16 International Atomic Energy Agency,  òEnergy, Electricity and Nuclear Power 

Estimates for the Period up to 2050ó, Oct.,2023 

 -  ⌐⅔↑╢ ─ ─ ⇔ 

 

International Atomic Energy Agency, òEnergy, Electricity and Nuclear Power 

Estimates for the Period up to 2050ó, Oct.2023. 
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╡ ┼─ ╩ ∆╢≤⇔≡⁸2030 ─ ╩ 20

22%≤⇔≡™╢⅜⁸ ≢│◄Ⱡꜟ◑כ ─ ╛⁸♦☺♃ꜟ

─ ⌐ ℮ ─ ≤™∫√ √⌂ ⅜ ⇔≡™╢⁹2024

⌐ ╦╣╢◄Ⱡꜟ◑כ ─ ⇔⌐№√∫≡│⁸ ─

∞↑≢⌂ↄ⁸  - ─≤⅔╡₈GX ₉≢ ↕╣≡™╢

─ ⌐ ↑√ ╙ ╘╠╣╢↓≤⅜ ↕╣╢⁹ 

 

É ╛ ⁸ ╙ ↄ 

─ ⌐⅔™≡│⁸ ─ ╩ ⌐⇔√ ─ ™

₈ ₉─ ⅜ ╘╠╣≡™╢⁹ ⅎ┌ ─₈SRZ-1200₉

│⁸ ╩ ⌐ ↕∑√ ─ ≤⇔≡ ↕╣≡™╢⁹╕√

꜠ⱬꜟ ─ ╩ ╠∑╢ ╛⁸ ≤ ─ ⅜

↕╣╢ ●☻ ─ ─ ╙ ╪≢™╢⁹↓╣╠─ⱪ꜡☺▼◒♩

 
17 Revue g®n®rale nucl®aire, òLe Conseil de politique nucl®aire annonce des 

investissements importants à Orano La Hague ó, Feb.28, 2024 

⌐│⁸2023 ⅛╠ 3 ≢∕╣∙╣ 460 ⁸431 ⅜ ↕╣╢

≢№╢⁹ 

√∞ ⌐ ≢ ╩ ┘ ⇔≡™ↄ⌐│⁸ ™ ─

╛ ⁸ ◖☻♩─ ⌂≥ ↄ─ ⅜ ∆╢⁹ ⌐

≈™≡│ ≢ ↕╣√ ╩ ⇔≡

∆╢₈ ◘▬◒ꜟ₉─ ⅜◌◑⌐⌂╢⁹ ─ │

⅜ ╘╠╣≡™╢╙──⁸ ⌐╟╢ ┼─ ⌂≥⅜ ╕

∏ ⅜ ∑≡™⌂™⁹ │™∫√╪ ─

ⱪכꜟ⌐ ∆╢⅜⁸2023 ≢ ─ⱪכꜟ─ ─ 8 ⅜ ╕∫≡

™╢⁹↓─√╘ │ ─ ⌐ ⌐ ╖ ╩ ∆

╢₈ ₉─ ╩ ╘≡™╢⁹ 

⁸ⱨꜝfi☻≢│ ╢↑⅔⌐◓כ▪הꜝ ⌐≈™≡⁸

⅜ 2040 ╙ ─ ≤ ◘▬◒ꜟ⌐ ∆╢ ╩ ∆╢

╩ ⇔⁸ ╩ ⇔≡™╢17⁹↓╣⌐╟∫≡ 1,000t ─

─ ⅜ꜟ◒▬◘ꜞה ≤⌂╢⁹ ┼│ ─ ≢

⇔√ ─ ╙ ⇔≡™╢⅜⁸ ⅜ ⌐ ◘▬◒ꜟ╩ ⇔≡™

ↄ⌐│ ≢ ╩ ∆╢↓≤⅜ ⌐⌂╢⁹ 

⅜ ∆₈2050 ₉ꜟꜝ♩כꜙ♬Ⱳfiכ◌ ⌐ ↑≡ │

─ ╩ ℮↓≤⅜ ≤ ⅎ╠╣╢⁹ ⌐ ⌐ ⇔™ ⌐⅔™≡

│⁸ ─ ≤ ⅜⁸◄Ⱡꜟ◑כⱵ♇◒☻─ ⌐╙

≢⅝╢∞╤℮⁹2050 ⌐ ↑⁸GX fiꜛ◦כⱷכ◊fi♩ꜝfi☻ⱨכꜞ◓

╛ DX ♦☺♃ꜟ♩ꜝfi☻ⱨ◊כⱷכ◦ꜛfi ─ ⌐╟╢ ─

⌐ ∆╢√╘⌐│⁸ ─ ╩ ╘⌂⅜╠⁸ ⌐ ─ ╛

ↄ ─ ╩ ≡™ↄ ╡ ╖╙ ⌐⌂╢∞╤℮⁹  

 

 

 -  ─ ⌂ ≤  

 

◄Ⱡꜟ◑כ ╟╡  

◖ᶉᶉ

ֹ
ׂ׆ׂׄ

ᴴ ᶆ ᶉ
ᴴ ᴴ

ֹ
ׂׂׅׄ ᶏ

↨H ᴴ ◖Ǝ ᴴ ᶍ
ᴴ ḟḵḃḁᶱ ᶠ ᵣ

ֹ
ׂ׆ׂׄ ᶏ

ᴴ ׁדּ ᶱדּ ᵶᵾ
ᴴ ᶫᵾ↨ ᴲ ᵪᶃ

ֹ
ׂׂׅׄ ᶏ

ᴴ ᵣ ᶍ↨
ᴴ ᶍדּ ᶱ ᵶ ᶍ ᵫּס
֩ ֪

ḁ᷁דּ

ֹ
ׇׂׂׄ∙

ᴴ ꞌᶊᶧᶪ ↨
ᴴ Ḵḡḳ ᵫᶉᵣ
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◄Ⱡ ─ ה  

─┼כ◑ꜟfi◄Ⱡכꜞ◒ ⁸ ⌐ ◄Ⱡ─ ⌐⅔™≡│⁸ ─

≤◄Ⱡꜟ◑כ ╩≈⌂← ─ ╛ ─ ⅜ ╘≡

≢№╢⁹ ICT ╩ ⇔≡ ≤ ─Ᵽꜝfi☻╩ ⌐

∆╢☻ⱴכ♩◓ꜞ♇♪ │ ◄Ⱡ─ ╩ ⇔⁸ ╩ ↕∑

╢ ╩ √∆⁹EU ≢│ ◄Ⱡ┼─ ╩ ↕∑╢√╘⌐⁸☻ⱴכ♩◓

ꜞ♇♪─ ╩ ∆╢ ⅜ 2023 11 ⌐ ↕╣≡™╢⁹ 

 

É ◄Ⱡ─ ⌐│ ⅜ ⅛∑∏ 

IEA │ 2050 Ⱡ♇♩♀꜡╩ ∆╢≤™℮ ─ ╩ ∆╢√

╘⌐│ ╩ 2030 ╕≢ 200 ◐꜡ⱷכ♩ꜟ ∆╢ ⅜№

╢≤ ∆╢18⁹2040 ╕≢⌐│ 8,000 ◐꜡ⱷכ♩ꜟ─ ╩

╕√│ ∆╢ ⅜№╢≤™℮19⁹ ◄Ⱡ⌐╟╢ ┼─ │⁸

 
18 IEA, òNet Zero Roadmapó, Sep., 2023. 
19 IEA, òElectricity Grids and Secure Energy Transitionsó, Oct., 2023. 

5 ≢ 2,000 ♪ꜟ ⇔ 2022 ⌐│ 7,500 ♪ꜟ⌐ ⇔√⅜⁸

─ ┼─ │  3,000 ♪ꜟ≢ ┌™≤⌂∫≡™╢⁹ 

┼─ ─ ─┼כ◑ꜟfi◄Ⱡכꜞ◒│╣ ─ ╣⌐ ⅜╢

⅜№╢⁹ ─ ⅜ ╣╢≤ ◄Ⱡ─ ≤ ─ ⅜

╕⌂™≤ ⅎ╠╣⁸IEA ⌐╟╢≤⁸  - ─≤⅔╡⁸APS◦♫ꜞ

○ ⌐ ═≡ CO2 ─ ⅜ ╣╢≤ ↕╣╢⁹ ─

⅜ ╣√ ⁸2050 ╕≢⌐ ⅛╠ ↕╣╢ CO2─

│ APS◦♫ꜞ○⌐ ═≡ 58Gt ↄ⌂╢ ∞⁹ 

 

É ⅜ ◄Ⱡ─ ⌐ ∆╢ 

 │ ─ ≤ ─Ᵽꜝfi☻╩ ╢√╘⌐ ≢⅝⁸ ─

╛ ◄Ⱡ─ ⌐ ≤↕╣╢⁹IEA ⅜ 2024 4 ⌐ ⇔√

⌐╟╢≤⁸ ⌐⅔↑╢ ─ │ 2023 

⌐ 41.5GW ≤ ─ 2 ⌐⌂∫√20⁹Ᵽ♇♥ꜞכ ─ ╩ ╘╢

EV ↑─ │⁸2023 ⌐ 40 ⇔⁸

EV ─ ⱬכ☻≢│ 1,400 ∞∫√⁹ 

≢│ ≤ │ ⁸▬fi♪⌐⅔↑╢ ─

≤ ─◖☻♩ ⅜№╡⁸ ≢ ─ ╛

─ ●☻ ≤ ┬ ╩ ≈≤ ⇔≡™╢⁹STEPS ◦

♫ꜞ○≢│⁸  - ─≤⅔╡⁸ ≤ ╩ ╖ ╦∑

√ⱪ꜡☺▼◒♩─ LCOE │ 2030 ╕≢⌐ 40 ∆╢≤ ↕

╣≡™╢⁹↓╣⌐╟∫≡⁸ ≤ ╖ ╦∑√ │ ╙ ─

№╢ ─└≤≈≤⌂╢≤™℮⁹√∞⇔⁸ ◖☻♩─↕╠⌂╢ ╛

⁸ ⌂ ─ │ ⌂ ⅜ ≤⌂╢⌂≥⁸ ╙

™⁹ │ ה ≤╙⌐ ∆╢ ⇔≢⁸2050 ≢│

20 IEA, òBatteries and Secure Energy Transitionsó, Apr., 2024 . 

 -  ─ ─ CO2 ─ ⇔ 

≥☻כ◔ APS◦♫ꜞ○  

 
IEA, òElectricity Grids and Secure Energy Transitionsó, Oct. 2023. 
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⅜ 53 ⁸ ⅜ 47 ─ ⌐ ∆╢ ╖≢№╢21⁹ 

 

É ─ ╩ⱴ▬◒꜡◓ꜞ♇♪≢  

 ⱴ▬◒꜡◓ꜞ♇♪│ ≢ ⇔√ ◦☻♥ⱶ╩ ∆╢

≢№╢⁹↓─◦☻♥ⱶ│ ⌂⅜╠╙ ⁸ ⁸∕⇔≡ ╩ ⌐

⇔⁸ ◄Ⱡ╩ ⌐ ⇔≈≈ ╩ ⇔≡ ∆╢↓≤╩ ⇔

≡™╢⁹ ⌐╟╢ ⌂ ≢╙⁸ ≢ ╩ ⇔ ↑╢

↓≤⅜ ≢№╢⁹ ╛ ⁸ ⁸ ⌂≥ ⌂◄Ⱡꜟ

 
21 ₈ ₉ 2022 8  
22 ≈ↄ┌ ─ⱱכⱶⱭ₈☺כ ≠ↄ╡ ₉ 

כ◑ ⌐╟∫≡⁸ ⌐ ╛▬fiⱨꜝ─ ⅜ ∆╢ ⌐⅔™

≡│⁸ⱴ▬◒꜡◓ꜞ♇♪⅜ ≈─ ⌐⌂╡ ╢∞╤℮⁹ 

≈ↄ┌ │ⱴ▬◒꜡◓ꜞ♇♪╩ ⇔≡ 2030 ╕≢⌐

◄ꜞ▪─ ╩ ⇔≡™╢22⁹ ─ ▬fiⱨꜝ≢№╢

╩ ⇔√ ⱴ▬◒꜡◓ꜞ♇♪╩ ⇔⁸ ┘ ⌐

╛ ╩ ∆╢≤≤╙⌐⁸ ─ ⌐≡ ∆╢

╩ ≤∆╢Ᵽ▬○ⱴ☻ ╩ ∆╢ ∞⁹↓─╟℮⌐ ◄Ⱡ─

≤≤╙⌐⁸ⱴ▬◒꜡◓ꜞ♇♪│◄Ⱡꜟ◑כ ─ ╩ ╘⁸

─ ╩ ⅎ╢ ⌂ ╩ √∆↓≤⅜ ↕╣╢⁹ 

⅜╕≤╘√ 23⌐╟╣┌⁸2050 ─₈ ◓ꜞ♇♪₉

─ ╩ꜟꜝ♩כꜙ♬Ⱳfiכ◌⁸≡⇔≥ ∆ ─ 4 5

─ ╡ ⅜ ↕╣≡™╢⁹ ◓ꜞ♇♪│⁸ ≢ ◄Ⱡꜟ◑כ

◄Ⱡ ⁸ ⁸ ⁸ⱥכ♩ⱳfiⱪ⌂≥ ╩ ∆╢↓≤

≢⁸ ─ ה ╩ ⇔⁸ ⌐│ ╛ ↑─

╩ ∆╢↓≤╩ ≤∆╢⁹↓℮⇔√ ◄Ⱡꜟ◑כ⌐╟╢

⌐╟∫≡⁸ ⌐⅔™≡│ ה ─ ╛ ꜞ☻◒─

⅜ ∆╢↓≤⅜ ↕╣╢⁹ 

 

 

 

 

 

 

 

 

23 ₈ ╩ ∆╢ 2050 ◓ꜞ♇♪─ ₉ 2023 3

 

 -  20222030STEPS◦♫ꜞ○⌐⅔↑╢ ⁸▬fi♪⁸

⌐⅔↑╢ ≤ ⁸ ⁸ ●☻─LCOE≤VALCOE 

 

IEA, òBatteries and Secure Energy Transitionsó, Apr. 2024. 

LCOE Levelised Cost of Electricity ─↓≤⁹ ⁸

⁸ ⁸ ⌂≥∆═≡─◖☻♩ ╩ ≈─ ⌐╕≤╘√╙─⁹

VALCOE Value -adjusted LCOE ╖ ─↓≤⁹ ─

◄Ⱡꜟ◑כ ⁸ ⁸ ╩ LCOE ⌐ ╖ ╪∞╙─⁹ 
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─◒♇♥fiכꜞ◓  

 CO2 ─ ⌐ ⇔⌂⅜╠⁸ ⌂≥─

◄Ⱡꜟ◑כ ◄Ⱡ ⌐ ═ ⇔√ ⅜ ╘╢◄Ⱡꜟ◑⁸≡⇔≥כ

─ ⅜ ╪≢™ↄ⁹ ╩ ⌐ ∆╢ ⅜ ∆╣┌⁸

─ ╩ ≤⇔√◄Ⱡꜟ◑כ │ ⅝ↄ ∆╢ ⅜№╢⁹

╩│∂╘≤⇔√ ⌂◄Ⱡꜟ◑כ ─ ╙ ⇔≡™ↄ∞

╤℮⁹ 

 

─  

─ꜟꜝ♩כꜙ♬Ⱳfiכ◌│ ⌐ ⌂ ╩ √∆≤─ ⅜ ⅝

™◄Ⱡꜟ◑כ─ 1≈∞⁹ ⌐ CO2╩ ⇔⌂™∞↑≢⌂ↄ⁸ ⌐

⌐ ∆╢√╘ ⅜ ╘╢╒⅛⁸◄Ⱡꜟ◑כ ⅜ ⅝™⁸

⅜ ≤™∫√ⱷꜞ♇♩⅜№╢⁹ ◄Ⱡ╩ ╗ ⌂ ⅛╠ ≢⅝

╢√╘⁸ ─╟℮⌂ ⌐≤∫≡│ ╛ ─ ╩

∂≡◄Ⱡꜟ◑כ ─ ⌐╙ ∆╢⁹ 

 

É ─ │2035⌐2 ⌐ 

IEA ⌐╟╢≤⁸  - ─≤⅔╡⁸2050 ╕≢⌐ ─ │

2022 ─ 4 ─ 0.4Gt ╕≢ ∆╢ ╖∞⁹ ─╒⅛⁸

≢│ FC 24⌐╟∫≡ ∆╢ ╛ FC Ᵽ☻ה

FC ♩ꜝ♇◒ ╙ ⅎ≡™ↄ⁹ ≢│ ╩ ∫≡ ⅛╠ ╩

╡ ∆₈ ₉25╛ ≢─ ⅜ ╕╣≡™╢⁹↓─╟℮

⌐ ⌐╟╢ ⅜ ≤↕╣╢ ≢─ ⅜ ↕╣╢⁹ 

│ ⌐╟∫≡│∕─ ≢ CO2╩ ∆╢⁹2022 ≢

↕╣≡™╢ ─ │ ●☻╛ ≤™∫√ ─₈◓꜠

 
24 ≤ ╩ ↕∑≡ ∆╢ ≢⁸Ⱪꜟכꜞ◓הכfi ╩ ™╢ │

CO2⌂≥╩ ≡⇔≥כ◑ꜟfi⌂◄Ⱡכꜞ◒™⌂⇔ ≢⅝╢⁹ 

כ ₉⅜ ╘≡™╢⅜⁸CO2╩ ה ה ∆╢ CCUS ≤ ╖ ╦∑

╢₈Ⱪꜟכ ₉╛⁸ ◄Ⱡ⌐╟╢ ─ ≢ fiכꜞ◓₈╢∆ ₉

─ ⅜ ₁⌐ ⅎ≡™ↄ⁹2050 ≢│ ⌐ fiכꜞ◓╢╘

─ │ 76%⌐─╓╢ ⇔∞⁹ 

 

É₈Ⱪꜟכꜞ◓₉₈כfi₉⅜ ⌐   

┼─ ≤™℮ ≢│Ⱪꜟכ fiכꜞ◓╛ ┼─ ⅜ ™⁹

≤⇔≡ ∆╢∞↑≢⌂ↄ⁸ ⅛╠▪fi⸗♬▪╛ ╩

∆╢↓≤≢ ₁⌂ ╛ ≤⇔≡ ℮↓≤╙≢⅝╢⁹ ≢│

╛▪fi⸗♬▪╩ ≤∆╢ ─ ⅜ ╪≢⅔╡⁸ ⅎ┌

│ 2024 5 ⌐ ∞↑╩ ╛∆₈ ₉≤⇔≡ ─

≤⌂╢◄fi☺fi ─ ╩ ⇔√26⁹↓℮⇔√ CO2─ ╩

25 ╩ ☻◒כ◖≡∫√№⌐╢∆ ─ ╦╡⌐ ╩ ™╢ ⁹ 
26 ₈ ⁸ ─ ◄fi☺fi ┼₉ 2024 5

 -  ─ ≤ NZE◦♫ꜞ○  

 

│ ╩ ╗ 

IEA, òNet Zero Roadmapó, Sep. 2023.╟╡  
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ⅎ╢ ╩ ≢⅝╣┌⁸ ⅝ ⅝ ─ ⅜ ⌂▪☺▪

┼─ ⌂≥╩ ∂≡ ⌂ ⌐╙ ∆╢↓≤⅜ ⌐⌂╢⁹ 

≢ ∆╢ CO2─ ⌐ ╩ ∆╢ ╡ ╖╙№╢⁹ ⅎ┌

IHI ─ⱪכꜟ◓ IHI Ⱳ▬ꜝ│⁸ ≢ ℮ ╩ ╢Ⱳ▬ꜝכ⌐≈™

≡ ●☻⌐ ╩ −≡ ╛∑╢♃▬ⱪ╩ ⇔√27⁹Ɽ♫♁♬♇◒│

≢ ╛ ⁸ ╩ ╖ ╦∑√ ◦☻♥ⱶ─

╩ ╘≡⅔╡⁸ ─ ╛ ↑⌐ ╩ ⇔≡™╢

28⁹ ─ ╩ ∆ ╖│ ≢ ⅜ ╪≢⅔╡⁸

≢ fiכꜞ◓√∫ ╩ ─ ╛ ↑⌐ ⇔≡™╢29⁹ 

 

É◄Ⱡꜟ◑כ─ ⅜ ⅛╠ ╦╢ 

│◄Ⱡꜟ◑כ ─ ≢╙ ⌂ ╩ ℮∞╤℮⁹ ⁸꜡

◦▪⌐╟╢►◒ꜝ▬♫ ≢◄Ⱡꜟ◑כ ⌐ ⇔√ EU │ 2022 ⁸

─ ⌐╟∫≡ ─◄Ⱡꜟ◑כ ╩ ∆₈ꜞⱤ꞉כEU₉ ╩

⇔√⁹EU ─●☻ ▬fiⱨꜝ ⌐╟∫≡ ⌐ Ɽ▬ⱪꜝ▬

fi╩ ∆╢₈ Ᵽ♇◒Ⱳכfi EHB ₉ ╙ ⇔≡™╢30⁹ 

◄Ⱡꜟ◑כ IRENA ─ ⌐╟╣┌⁸  -

─≤⅔╡⁸ ⌐ ╕╣√ ה ▪ⱨꜞ◌ ┘◘Ⱪ◘Ɫꜝה▪

ⱨꜞ◌⅜⁸ ─ ⅔╟┘ ─ ⌐⌂╡ ╢≤↕╣≡™╢⁹

↓╣╠─ ⅜ ⌂ ╛ ╩ fiכꜞ◓⁸≡⇔ ╩ ⌐

≢⅝╢ ╩ ≈√╘≢№╢⁹ ⁸ │ ⌐

↑√ ⅝╩ ∑≡⅔╡⁸◄Ⱡꜟ◑כ ─ ≤⇔≡─ ╩ ⇔

╟℮≤⇔≡™╢⁹ 

 
29  

27 IHI ₈ ●☻ ≤ ⌐ ⅜ ⌂Ɫ▬Ⱪꜞ♇♪ Ⱳ▬ꜝ╩ ₉

2023 12 19  
28 ₈Ɽ♫♁♬♇◒⁸100% ◄Ⱡ ╩  ≢ ₉ 2023

╩ ∆╢⌐│ ╙ ↄ⁸ ◄Ⱡ ╩ ⌐ ⇔√╡⁸

⌂◘ⱪꜝ▬♅▼כfi╩ ⇔√╡≤™∫√ ╡ ╖╩ ╘╢ ⅜№

╢⁹ ╛ ⌂≥ ⌐≈™≡╙ ╛◖☻♩─ ≢

⅜ ╘╠╣╢⁹ 

∕─ ⁸↓℮⇔√ ≢ ≢⅝√ │◄Ⱡꜟ◑כ ╙ ⌐

≡╢ ⅜ ⅝™⁹ ⌐ ─╟℮⌂ ⌐≤∫≡│⁸ fiכꜞ◓

─ כꜟⱩהfiכꜞ◓⁸≥ ─ ╩ ╘╢↓≤⌐╟╡⁸

╩ ↕∑╢ ╩ ╡ ╢⁹ ─ │ ─

─◄Ⱡꜟ◑כ ╩ ⅛╠ ⅎ╢ ⅜№╢⁹ 

11 14  
29 ─ⱱכⱶⱭ₈☺כ ♃►fi ⌐≈™≡₉ 
30 JETRO ₈ⱨꜝfi☻כ○ה☻♩ꜞ▪ fiכꜞ◓≢▪☺♬ꜙ♅⁸

┼ ₉ 2024 5 31  

 -  2050╕≢⌐1.5♪ꜟ/kg fiכꜞ◓≢ ╩ ≢⅝

╢ ⱳ♥fi◦ꜗꜟ 

 
 ꜟכꜙ☺◘◒◄

International Renewable Energy Agency , òGeopolitics of the Energy 

 Transformation: The Hydrogen Factoró, Jan.2022.  
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Ⱡ●♥▫Ⱪ◄Ⱶ♇◦ꜛfi ─  

─ꜟꜝ♩כꜙ♬Ⱳfiכ◌ ⌐ ↑≡│⁸ ╩ ↑╠╣⌂™ ●

☻╩ ∆╢√╘─Ⱡ●♥▫Ⱪ◄Ⱶ♇◦ꜛfi NETs ⅜ ≢№╢⁹

ה CCS ╛ CCS⌐ ╩ ╖ ╦∑√ CCUS⁸

DAC ⁸ ⌂≥─ ⌂ NETs ─ ⅜ ≢

╘╠╣≡™╢⁹↓╣╠⅜ ↕╣╣┌⁸ ≢ ⇔√ ◄Ⱡꜟ◑כ

─ ╛⁸ ה ─ ⅜ ⌐⌂╢∞╤℮⁹ 

 

É ⌐CO2 ⁸ ♩fi╙ 

CCS─ ◦fi◒♃fi◒≢№╢ Global CCS Institute ─ ⌐╟╢≤⁸

2023 7 ≢ ⌐ 392 ─ CCS ⅜№╡⁸ ⅛╠ 102 ⅎ√

31⁹∕─℮∟ ─ 41 │ 4,900 ♩fi─ CO2╩ ה ∆╢

⅜№╡⁸↓╣│ ─ CO2 ─ 0.1 ⌐ ∆╢⁹⇔⅛⇔

⌂ ╩ ∆╢√╘⌐│ ≤↕╣⁸ │ 2030 ╕≢⌐

10 ♩fi⁸2050 ╕≢⌐ 10 ♩fi─ CO2╩ CCS⌐╟∫≡

ה ∆╢ ⅜№╢≤ ⇔≡™╢⁹ 

╛ ≢│∆≢⌐ CCS ─ ⅜ ↕╣⁸ ⌐ ↑≡⁸

ה ─ ╩ ⇔≡™╢⁹╕√⁸▪☺▪ ≢│ 2023

⌐ 34─ ⱪ꜡☺▼◒♩⅜ ↕╣⁸ ≢│ CCS ⌐ ↑√

─ ╙ ╕∫≡™╢32⁹ 

≢│⁸  - ꜟ◒▬◘ꜞⱲfiכ◌╡⅔≥─ ♪כ꜡

ⱴ♇ⱪ⅜ ↕╣≡⅔╡⁸ ◄Ⱡꜟ◑הכ NEDO

fiꜛ◦כfi▬ⱡⱬכꜞ◓─ ⌐⅔™≡⁸CO2╩ ™√ⱪꜝ☻♅♇◒

⁸ ⁸◖fi◒ꜞכ♩─ ⅜ ↕╣≡™╢⁹↕╠⌐⁸

 
31 Global CCS Institute, òGLOBAL STATUS OF CCS 2023ó, Nov.2023 
32 ₈CO2 ⌐ ⇔√ ─ ⌐≈™≡₉ 2024 5

10  

─ꜟ◒▬◘ꜞⱲfiכ◌⁸│≢ ⅜ ↕╣⁸ ─

╛ ⅜ ⌐ ╦╣≡™╢33⁹↓─╟℮⌐⁸CO2 ╩ ≤⇔√

⅜ ╦╣≡™╢ ⁸CCS∕─╙── ≤⇔≡⁸CO2 ⌐⅛⅛╢

◖☻♩─ ╛⁸CO2⅜ ↕╣╢ ─ ─ ⌂≥⅜№╡⁸

⌐╟╢ ─ ┼─ ⅜ ≤↕╣≡™╢⁹ 

É ⅛╠ CO2╩  

DAC │⁸ ─ CO2╩ ⌐ ⇔⁸ ╕√│ ⌂ ┼─

╩ ⌐∆╢ ≢№╢⁹ⱷꜞ♇♩≤⇔≡⁸ ⅛╠ ∆╢↓

≤⅛╠⁸ ╩ ┌⌂™≤™℮ ⅜ →╠╣╢⁹IEA ─ ≢│⁸2050

Ⱡ♇♩♀꜡ ⌐ ↑⁸2030 ⌐│ 8,500 ♩fi⁸2050 ⌐│ 9

33 ◄Ⱡꜟ◑הכ NEDO ꜟ◒▬◘ꜞⱲfiכ◌₈ ─ ⌐

↑√ ⅜ ₉ 2022 9 14  

 - ─ꜟ◒▬◘ꜞⱲfiכ◌╢↑⅔⌐   

 

ꜟ◒▬◘ꜞⱲfiכ◌₈ ⱴ♇ⱪ₉ (2021♪כ꜡ 7 ) 
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8,000 ♩fi─ CO2╩ DAC ⌐╟∫≡ ∆╢ ⅜№╢≤™℮34⁹ 

⁸DAC │ ─ ⌐№╡⁸™ↄ≈⅛─ ╛ ⅜

⌐ ↑≡ ╡ ╪≢™╢⁹√≤ⅎ┌⁸ ─ ●☻ Occidental │⁸

50 ♩fi─ CO2╩ ≢⅝╢ ─ DAC ⱪꜝfi♩╩ ⇔

≡™╢35⁹ 

 ≢│⁸ ⅜ ╩ ╘╢ DAC ₈m-DAC(R)36₉╩

⇔⁸ ≤ ⅜ ─ⱪ♇▪♩כ♃☻╢∆ Carbon Xtract

⅜⁸ ⌐⅔↑╢ ╩fiꜛ◦כꜙꜞ♁─ ∆╢⌂≥⁸ ה

 DAC ─ ╩ ⇔≡™╢37⁹↓─╟℮⌐⁸ ≢│ ─

DAC ⱪꜝfi♩─ ⅜ ╗ ≢⁸ ≢│⁸ ה DAC ─

╙ ╘╠╣≡™╢⁹ 

√∞⇔⁸DAC │ CO2 ─ⱪ꜡☿☻⌐⅔™≡ ─◄Ⱡꜟ◑כ╩ ∆╢

⅜ ≢№╢⁹ ⅛╠ ∆╢ ●☻≤ ⌂╡⁸ ─ CO2 │

0.04%≤ ™√╘⁸╟╡ ◄Ⱡꜟ◑כ⅛≈ ◖☻♩≢ CO2╩ ∆╢

⅜ ╘╠╣╢⁹ ⁸ ≢│ DAC ─ⱴ♇ⱪ♪כ꜡ ⌐ ↑√

⅜ ╘╠╣≡⅔╡⁸╕∏ 2030 ⌐ ↑≡│⁸ ─ DAC ─

⌂≥⁸ ╩ ∆ ─ ⅜ ╗≤╖╠╣╢⁹ 

DAC ⌐╟∫≡ ⇔√ CO2╩ⱷ♃fi⌂≥─ ⌐ ∆╢ ⅜

↕╣╣┌⁸ ⅜ ≢⅝╢⁹ ⌐ ≢│⁸ ⅛╠⁸

≢│⌂ↄ ─ CO2 ─ ⅜ ↕╣╢⁹ 

 

 
34 IEA, òDirect Air Capture: A key technology for net zeroó, Apr. 2022. 
35 ◄Ⱡꜟ◑הכ JOGMEC ₈ Occidental ─ Direct Air Capture

DAC ⅜ ⌐ ↑ ₉ 2024 1 30  
36 ╩ ≢╤ ∆╢∞↑≢ CO2╩ ∆╢ ≢⁸ ─ CO2 ≤ ═ ╘≡

™ CO2 ╩ ∆♫ⱡ ╩ ∆╢↓≤⅜ ⁹ 
37 Carbon Xtract ₈ ⅛╠─ ─ ╩ ≤∆╢ DAC ─

⌐⅔↑╢ ⌐ ↑√ ₉ 2024 3 13  

É ◄Ⱡꜟ◑כ≢CO2╩ ⌐ 

│⁸ ─ ⱪ꜡☿☻╩ ⇔√╙─≢⁸ ⌐

╩ ™╢ ≤ ╩ ™╢ ⌐ ↕╣⁸ ─◄Ⱡꜟ◑כ╩

⇔≡ ╩ ⇔≡ ╩ ∆╢⁸№╢™│ ≤ ⅛╠

╩ ∆╢ ≢№╢38⁹↓─ ⌐╟╡⁸ ─ ╩ ╠

⇔≈≈⁸◄Ⱡꜟ◑כ ╛ ╩ ╡ ∆↓≤⅜≢⅝╢⁹ 

╩ ™╢ ≢│ ⅜ ─ ╩ ─◄Ⱡꜟ

⌐▪♬⸗fi▪≢כ◑ ⅎ╢↓≤⌐ ⇔⁸2040 ─ ╩ ⇔≡

™╢39⁹▪fi⸗♬▪│ ⇔≡╙ CO2╩ ⇔⌂™ ≤⇔≡ ↕╣≡™

╢√╘⁸ ─ ⌐≈⌂⅜╢↓≤⅜ ↕╣╢⁹ 

│ ─ ≤⇔≡╙ ≢⅝╢ fiכꜞ◓⁹╢№⅜

│ ◄Ⱡ ─ ≢ ╩ ⇔≡ ╢⅜⁸ │ ◄

Ⱡꜟ◑כ╩ ∆╢√╘⁸◄Ⱡꜟ◑כ ─ ≢─ ⅜ ⌂™≤

ⅎ╠╣≡™╢⁹ ≢│ ⱤⱠꜟ╩ ™√ ─ ⌐ ⇔≡⅔

╡40⁸╟╡ ™◄Ⱡꜟ◑כ ╩ ≈ ─ ⅜ ↕╣╢⁹

│⁸ ─ ⌐ ↕╣√ ⱤⱠꜟ⅛╠ ╩ ⇔⁸

╛ ≢ ∆╢≤™∫√ ™ ╙ ⅎ╠╣╢⁹ 

≢⁸ ⌐│╕∞ ↄ─ ⅜№╢⁹ ⌐⁸ ™ ─ ⁸

─ ⁸◖☻♩─ ⅜ ⌂ ≤⇔≡ →╠╣╢⁹ ≢│⁸

─ │ ⌐ ─ ⌐№╢⅜⁸ ⌂ ⅜ ↕╣

╣┌⁸◄Ⱡꜟ◑כ≤⇔≡─ ╛⁸ ─ ⌂ ⌂≥⁸◌

ꜟꜝ♩כꜙ♬Ⱳfiכ ⌐ ↑√ ⌂ ╩ √∆↓≤⅜ ↕╣╢⁹ 

38 ₈  ≤ ╩ ∆╢ ◄Ⱡꜟ◑כ─

₉ 2021 12 7  
39 ₈ ⅛╠▪fi⸗♬▪⁸ ╩  ₉ 2024 4

30  
40 ◄Ⱡꜟ◑הכ NEDO₈ ⁸ ⌐╟╡ 100m2

כꜝכ♁≢ ╩ ∆╢ ⌐ ₉ 2021 8 26  
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◄Ⱡꜟ◑כ  

⌐ 2050 ⌐⅛↑≡ ─ ⅜№╢ ◄Ⱡꜟ◑כ ─

╩ ≡™ↄ⁹ ⅜ ∆₈◄Ⱡꜟ◑כ─ ꜙ♬Ⱳfiכ◌₉₈

─ꜟꜝ♩כ ╠⅛ꜟכ◗℮™≥₉ ⅎ╢≤⁸ ⁸ ⁸

─ 3≈─ ⅜ ╘≡ ≤ ⅎ╢∞╤℮⁹ 

 

ÉCO2╩ ↕∏ ─ ╙ ⌂™  

≤│⁸ ™ ⁸♩ꜞ♅►ⱶ ⅜ ⇔≡ ─

Ⱬꜞ►ⱶ ⌐ ╦╢ ⌐ ↕╣╢◄Ⱡꜟ◑כ╩ ∫≡ ∆╢

≢№╢⁹ ⌐ CO2╩ ∑∏⁸ ≤⌂╢ ╛♩ꜞ♅►ⱶ│

⌐ ⌐ ⇔≡™╢⁹ ≤ ⌂╡ ⅜ ↄ⁸ ∆╢

│ ꜠ⱬꜟ─╖≢№╢≤™℮ ⅜№╢⁹ 

⁸ ╛ ⌂≥⅜ ∆╢ ITER ⅜

≢⁸ⱨꜝfi☻ ≢ ─ ╩ ╘≡™╢⁹ │ ≢─ ╩

ⱪ♇▪♩כ♃☻╘√╢∆ ╩ ∆╢ ≢№╢⁹ ≢│ ITER ≤

─ ♃כ♦ ╩ ≤↕╣╢ ≤⁸ ╩

∆╢ ─ ⌐ ↑╠╣╢ ╩ ⇔⁸2030 ⌐ ⌐

∆╢ ╩ ╘≡™╢41⁹ 

│ 2023 4 ⌐₈ⱨꜙכ☺ꜛfi◄Ⱡꜟ◑הכ▬ⱡⱬכ◦ꜛfi ₉

╩ ⇔⁸ⱨꜙכ☺ꜛfi◄Ⱡꜟ◑כ ◄Ⱡꜟ◑כ ─ ≤

╩ ╘≡™╢⁹↓─ ≢│⁸ ─ ⌐╟╢ ⅜⁸

⌐ ◄Ⱡꜟ◑כ─ ⌐╙ ≈≤↕╣≡™╢⁹  -

─≤⅔╡⁸ ─ ╩ ◄Ⱡꜟ◑כ◦☻♥ⱶ─◖▪ ≤ ≠↑⁸

ꜞ♅►ⱶ ╛ ≤™∫√ כ◑ꜟⱠ◄ה ╛⁸

⌐╟╢ ≤™∫√ ┼─ ╙ ⌐ ╣≈≈⁸AI ╛

 
41 ₈ ⌐⅔↑╢ ─ ⌂ ─ ─ ╡ ⌐ ∆╢

⌐≈™≡₉ 2023 8 3  

◖fiⱧꜙכ♃ ─ ─ ≤─ ╙ ⇔≡⁸ ╛

⌐ ╡ ╪≢™ↄ↓≤≤↕╣≡™╢⁹ ⌂ ≤⇔≡│ ☻

─ⱪ♇▪♩כ♃ ⱨꜙכ☺ꜛ♬▪ꜞfi◓⅜ 2022 ⌐ ≤⌂╢

─ ⱪꜝfi♩╩ ⌐ ⇔⁸2024 ⌐ ─ ╩

⇔≡™╢42⁹ 

⅜ ╘╢ⱶכfi◦ꜛ♇♩ ─ ≢╙₈2050 ╕≢⌐ⱨꜙכ☺ꜛ

fi◄Ⱡꜟ◑כ╩ ⌐ ∆╢₉≤ ╦╣⁸ ─ ╛◄Ⱡꜟ◑כ

─ ∞↑≢⌂ↄ⁸ ה ⌂≥─ ─ ⌐ ∆╢√

╘─ ≤⇔≡ ∆╢↓≤╙ ⇔≡™╢⁹ 

⌐ │ ≢╙ ⌂◄Ⱡꜟ◑כ ≤⇔≡ ↕╣≡

™╢⁹ ⅎ┌ Helicity Space │ ↑─ ◄fi☺fi ╩ ╘≡

⅔╡⁸2023 ≢♪fi►ꜝ♪כ◦│⌐ 500 ♪ꜟ╩ ⇔≡₈ ⌐

42 ⱨꜙכ☺ꜛ♬▪ꜞfi◓₈ ⱨꜙכ☺ꜛ♬▪ꜞfi◓⁸ ─ ⱪ

ꜝfi♩ ₉ 2022 7 6  

 -  ─ ⌐ ↑√ ⅎ  

 

₈ⱨꜙכ☺ꜛfi◄Ⱡꜟ◑הכ▬ⱡⱬכ◦ꜛfi ₉(2023 4 ) 
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⌂ ₉≤⇔≡ ─ ╩ ╘≡™╢43⁹ ◄fi☺fi│

─꜡◔♇♩◄fi☺fi⌐ ═≡ ⅜ ≢ ╗√╘⁸↓╣╕≢╟╡ ↄ

ↄ╕≢ ↑╢╟℮⌐⌂╢ ⅜№╢⁹ 

⌐ ↑√ ≤⇔≡│⁸ ╩ ↓∆√╘⌐ ╛♩ꜞ♅

►ⱶ╩ 1 ─ⱪꜝ☼ⱴ⌐⌂╢╕≢ ⁸ ∆╢ ╛⁸

⌐╟∫≡ ∂╢◄Ⱡꜟ◑כ╩ ⌐ ∆╢◦☻♥ⱶ─ ⌂≥≤™∫√

╙─⅜№╢⁹ 

 

É ≢◄Ⱡꜟ◑כ ╩ ╠∆ 

│ ─ ⌂≥╩ ╘≡ ™ ⌐∆╢≤ ⅜♀꜡⌐

⌂╢ ╩ ⇔√ ≢⁸ MRI⁸NMR ⌂≥ ≢ ↕╣≡

™╢╒⅛⁸ ה ⁸כ♃כ⸗ ≤⌂כ♃כ⸗ ≢

─ ╙ ↕╣≡™╢⁹◄Ⱡꜟ◑הכ ≢│ ╩ ⇔≡

⌐∆╢↓≤≢ ⌐⅛⅛╢◄Ⱡꜟ◑כ ╩ ⌐ ↕∑╢≤

↕╣╢⁹ 

│ ─ ⌐╙ ≢№╢⁹ ₁ ╩ ↓∆ ⌐

│ ◖▬ꜟ≢ ╢ ╩ ∆╢⅜⁸ ─ ◖▬ꜟ⌐ ═ ─

◖▬ꜟ╩ ™╢≤ ⌂☻Ɑכ☻╩ ↕ↄ≢⅝╢⁹ ─ ≢│⁸

⅜fiꜛ☺כꜙⱪ─Ⱬꜞ◌ꜟⱨ♇▪♩כ♃☻ ◖▬ꜟ╩ ™√

─ ╩ ⇔≡⅔╡⁸2026 ╕≢─ ╩ ⇔≡™╢44⁹ 

 

É ≢ ─  

⌐ ⇔√ ≢ ∫√ ╩ ⌐ ∫≡ ∆╢

 
43 Helicity Space, ΓHelicity Space Raises $5M Seed Roundó, Dec.11,2023. 
44 ◒꜡☻♥♇◒₈Ⱬꜞ◌ꜟⱨꜙכ☺ꜛfi⅜ ─ ⌐ ⁸ ─

⌐ ╖₉ 2024 3 7  
45 JAXA ─ⱱכⱶⱭ₈☺כ ◦☻♥ⱶ SSPS

⌐≈™≡₉ 

╙ ─ ⅜ ™⁹ ⌐ ⇔√ ⱤⱠꜟ≢ ⇔

√ ╩ⱴ▬◒꜡ כ◙כ꜠╛ ⌐ ⇔⁸ ⌐ ⇔√ ⌐ ┘ ⌐

ⅎ≡ ∆╢◦☻♥ⱶ∞⁹ ≢─ ≤ ⇔≡⁸ ╛ ⁸

─ ╩ ↑⌐ↄ™℮ⅎ⁸ ⅜ ≢ ⇔⌂™√╘ ─

1.4 ─ ─ ╩ ≢⅝╢ ⅜№╢45⁹ ≢│ 2050 Ⱳfiכ◌

ꜟꜝ♩כꜙ♬ ⌐ ↑⁸ ◦☻♥ⱶ─ ╩ ∆╢

SOLARIS ⱪ꜡☺▼◒♩╩ 2022 ⌐ ⇔√46⁹ ≢╙ ⅜ ╪≢

⅔╡⁸ ⅎ┌ NTT │ⱴ▬◒꜡ ≤ ═≡◦☻♥ⱶ╩ ◙כ꜠™∆╛⇔

כ ╩ ™╢ ─ ╩ ╘≡™╢47⁹ 

⅜ ∆╣┌ ⌐ꜟꜝ♩כꜙ♬Ⱳfiכ◌≡⇔≥

∆╢∞↑≢⌂ↄ⁸ ╛ ─ ≤⇔≡╙ ≢⅝╢⁹ ⌂

╛◖☻♩─ ⅜№╢╙──⁸ ─ │ ⌐⅔↑╢◄

Ⱡꜟ◑כ ─№╡ ⌐ ╩╙√╠∆ ⅜№╢⁹ 

↓╣╠─ │⁸◄Ⱡꜟ◑כ─ ─ꜟꜝ♩כꜙ♬Ⱳfiכ◌╛ ≤

™℮ ─◄Ⱡꜟ◑כ ╩ ⅎ≡⁸ ─ ╩ ⌐ ⅎ╢ ╩

╘≡™╢⁹ ╛ ≢─ ⇔√◄Ⱡꜟ◑כ◦☻♥ⱶ╛⁸ ⌐≈

⌂⅜╢ ≤⇔≡ ↕╣╣┌⁸ ─ │ ⅝ↄ ⅜╢∞╤

℮⁹ ≢╙ │ ─ ┼─ ╩ ⇔∆╢ ≤⇔≡╙

⅜ ╕∫≡™╢⁹ 

46 ₈ 4 ⌐⅔↑╢ ─

┘  ₉ 2023 3  
47 NTT ◄Ⱡꜟ◑כ ₈ ⌐ ↑√ ◑ꜟⱠ◄◙כ꜠

כ ≤ ≢─ ₉ 2024 1 12  


