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│∂╘⌐
Å χ ᴟρϵКиϻ˔
ïᴲχ► ʾ 50 Ω χϵКиϻ˔ᶗ
ï Ộʾ ʾ ◕ᶗ 1
ïṪ ʾ▀Ộᶗ 300
ïᾝ∕ 20 ṙῇ Τϣ21 ṙ χϵКиϻ˔ ệ

Åּזᵓχ‰ ᴟτ ᴂΰθϵКиϻ˔ χ‰ ᴟ
Å πψ ︠ᴲ ΤϣϵКиϻ˔ʾЬАϼІϒ
Åᾝ∕ “ χᶗ ᶗ ʺ Ṫ ᶗ τϜ ᴂ

Å 21 ṙ Τϣ22 ṙτΰΪοχϵКиϻ˔
ï2018 7Ὦʺ 5ⱳϵКиϻ˔ṁ ὓᵊΥ
ï₃◓ψ Ẕᴛ ᴟ ♁τΰΪθ ᴟʺ ᴟχ

Å ψ2050 GHG 80̋⌡ᾚ
Å︠σ︣

ï ἷ™ ᴦ ϵКиϻ˔ρ ЄІГЭτϢϥꜛ ᴟʺ︠ ᾛᴟ
ï∕ ἷӗ ™ ϵКиϻ˔ρᾖ◓ τϢϥ ᾛχᶨ
ïᴟ χCCS̋ CCUSʝ τϢϥ ᴟ

Å 5ⱳϵКиϻ˔ṁ ὓᵊτṁξΨϵКиϻ˔Ɫᾛχ ◙
Ϭ 1 τʺ ԁᾖ◓ χⱧᾮϬ ϤׇΠθάϦΤ
ϣχᾖ◓ χΚϤ Ϭ 2 τꜘβ
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◄Ⱡꜟ◑כ ─
Å20 ṙῇ ӟ‭χϵКиϻ˔Ɫᾛᶨ Ὂӳ
ï ̠ Τϣ ʺ ϹІ̠ᾖ◓ ̠™ϵК

ÅϵКиϻ˔Ɫᾛτ σ Ὧ
ïϵКиϻ˔Ɫᾛχ3 ʿ ʾ ʾ‰

Å 5ⱳϵКиϻ˔ṁ ὓᵊχφϣΜ
ï χὊↄּזᵓχ ʺ⁯ ᶨχΰ ʺ ᵦχ
ⱱ σ ϒχ‟ᾅ
ïӗ ΰθⱱ ʾꜛ ϵКиϻ˔ằẚ
ïⱢᾛ χ◙ ϢϤ‰ σ3E˴S
Å2030 ϵКиϻ˔ЬАϼІψ2015 Ϭ ΰννʺ

2050 Ϭτϣϭι Ϭ ϛϥ
Å2050 ψ Ϭםᾝᴦ σϵКиϻ˔Ṫ χᶗ Ϭ
ϛϥ
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≤◄Ⱡꜟ◑כ

≤◄Ⱡꜟ◑כ─⅛⅛╦╡

5ᾖ◓ ʾϵКиϻ˔ ϢϤ

ṓχ ︠ᴲ ᴲ︠˴ᾖ◓ ʾ



─ ◄Ⱡꜟ◑כ ─
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20 ─◄Ⱡꜟ◑כ ─
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5ⱳϵКиϻ˔ṁ ὓᵊ Ɫ ϢϤ

1940 Ϙπψ ︠ᴲ ʾ1950 τᴲ︠ˢ ︠ˣ ϒ
1960 ˙90 ψ ʺ ʺ ϹІʺᾖ◓ Ⱳ ЬАϼІϒ
21 ṙψ Ẕᴛ ᴟ Υᴿ ʾ◌ ṍӟ‭ψ τ



1- 1 ◄Ⱡꜟ◑כ─
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ÅԁⱳϵКиϻ˔ ⱢᾛτϢϥ

ïᴟ ᵦψ85̋˙90̋Ӣ

Å ʺᾖ ʾ ʺ ϹІʺЄϴ˔иϷϱи/ϹІʺ
ϷϱиЂрЖʺЮЌрМϱЖй˔Жσς

ï™ ᴦ ϵКиϻ˔

Åӗ ἷ™ϵКʿ ʺ ʺНϱϷσς

Å ἷ™ϵКʿ Ίʺ σς

ïᾖ◓ ϵКиϻ˔

Åᶋ ʺᶋ ›

Å ⱳϵКиϻ˔ ԁⱳϵКиϻ˔Τϣ ▀
Å ṓʺ ◕ϹІʺ ʺϹЊзрʺ σς



1- 2

ÅϵКиϻ˔Ɫᾛχ╣
͍ʽ τΚϥάρ
͎ʽ ΰοΚϥάρ
͏ʽ Υ‰Μάρ
Ίʺ ψ χᴦ ψΚϥΥʺ ΰοΣϣγʺϵКиϻ˔ Ϝ
ΰΨ Μʻ
ρψΜΠʺⱢᾛꜛ ψςάτπϜΚϤ ʺ Φσᴦ Ϭ ϛοΜϥρᾠΠϥʻ

ÅϵКиϻ˔ χ ὯʾϵКиϻ˔Ὂↄ◙ EPR
ïᾥ σϵКиϻ˔ ψ Ἳʾ ꜡ʾ τӢ

Å ϘπψⱢᾛ ψꜛᾪχ ˢЌЍˣʾʾʾ ʺ ʺ
Åᾝ χ™ ϵКиϻ˔ψṪ τӢ ʾʾʾ◕ Ὂↄτ ϙ Ϧ
ᵃ ˁ

ïự ϵКиϻ˔ ψ◕ Ὂↄᾖ Υ⌠ ˢ ᴣψ Ѐ
ІЕρ ◙ϵКиϻϻ˔Ὂↄʺ׃ ˣ
ÅϵКиϻ˔Ὂↄ◙ ψϵКиϻ˔ ◦ (EPR, Energy Profit 

Ratioˣ
˹ τϢϤ ϣϦϥϵКиϻ˔˗︡Ϥ βθϛχϵКиϻ˔
Åᴟ χ ψϵКиϻ˔ ◦ χ‰ΜⱢᾛΥῨϘΰΜ
Å ╩ἷⱢᾛτEPR◙ Υ◕ Ὂↄ ◙ τσϥιϧΞ
Τˁ
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1- 3 ─◄Ⱡꜟ◑הכ ─◄Ⱡꜟ◑כ

⅛╠ ⅜ ↑ ╢◄Ⱡꜟ◑כ
Q= 1- A SɥR2=3.89×1013kW

Å A ▪ꜟⱬכ♪ 0.3 ─
Å S 1.37kW/m2

Å R=6.37×106m 6370km⁸ ─

─ √╡≢│
Q/4ɥR2=0.24kW/m2   

ï ─ √╡≤⇔≡│
ï ─ │ ◄Ⱡꜟ◑כ
ï ⁸ ─
ï ╩ ≢⅝╢Ɫⱦ♃Ⱪꜟ⌂

─◄Ⱡꜟ◑כ
─ ⅛╠─ ⅛╠

Q= ɥR2F=3.5×1013W 3.5×1010kW
ï Q ─
ï F ─ ⅛╠─

F=70mW/m2

─ │ ─
ï K40⁸U235⁸U238 ⁸Th232
ï │U238≤Th232⅜
ï │ ─ ◄Ⱡꜟ◑כ

ʿ֓ ʾꜛ ЄІГЭρ ˢ ᶘⱢ ˣϢϤ

ρבּ Ẕ ʾבּ בּ

Ẕ χКиϻ˔
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1- 4 ─◄Ⱡꜟ◑כ
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◄Ⱡꜟ◑כ ─
Å ─№╢ ╩ ⇔⁸ ⌂◄Ⱡꜟ◑כ
╩ ⇔ ∑╢Ҝ◄Ⱡꜟ◑הכⱵ♇◒☻

Å ─
ï Safety
ï Energy Security

Economic Efficiency 
Environment Protection

Å╟╡ ⌂ 5 ◄Ⱡꜟ◑כ
ï ⅜ ⌂ ꜠ⱬꜟה
Å ☻Ᵽ♫fi●ה ⌐╟╢ ─

ï ─
Å ─

ï №╢
Å ─

ï GHG
Å ┼─

12
5ⱳϵКиϻ˔ṁ ὓᵊ 2018/7/3 ϢϤ



─

ï
Å

Å ─ ꜠ⱬꜟה

ï ה
Å ⁸ ⁸ ─

Å ─ ⁸ ⁸ ⁸

ï
Å ⁸

Å ◄Ⱡꜟ◑⁸♩☻◖כ ⁸GDP

ï
Å ⁸

Å
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ꜞ☻◒╩ ╕ⅎ√

14

Å ─
ï safety

ï Energy Security

ï Economic Measure

ï Environment Effect

Å ─ ≤ꜞ☻◒
ï

Å ⁸
Å ⁸
Å ─◄Ⱡꜟ◑כ
Å

ï ꜞ☻◒
Å ⁸
Å ◄Ⱡꜟ◑כ
Å

Å

Å ◄Ⱡꜟ◑כⱵ♇◒☻ ─
ï ⌂ ─

Å ─ ⌂

ï ꜞ☻◒≤ⱬⱠⱨ▫♇♩╩ ⅜
Å ≢ ⅛⌂ ─

˻
˹

зІϼ ῟

ꜛ

ӗ ằẚ

Ὂↄ

ḕẽ ›

™ϵКʾ ἷ

™ϵКʾӗ ἷ

ᾖ◓

ᴟ



5 ◄Ⱡꜟ◑כ ─

Å ṍτӗ ΰθⱱ ʾꜛ σϵКиϻ˔ằẚ
τϢϤʺὊↄּזᵓ ʺ⁯ ᶨΰ ʺ ᵦχⱱ

ϒχ‟ᾅϬ ◙β
ï3E+Sᾖ τϢϤʺӗ π Υ σΨʺḕẽτ
›ΰθϵКиϻ˔ ẚϬםᾝ

Å2030 τΰΪθ ᴂ
ïGHG26̋⌡ᾚτΰΪθϵКиϻ˔ЬАϼІχᶎםσ
☼ם

Å2050 τΰΪθ ᴂ
ïGHG80̋⌡ᾚϬ ◙β
ï™ϵКʿ︠ ᾛᴟ
ïᾖ◓ ʿ ᴟχ ♥ʾӗ Ẑ˗НАϼϵ
рЖṪ ᵫ
ïᴟ ʿϹІ τЄТЕʺ ᴟτΰΪ
ᵫ τ ︣
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2030 ⌐ ↑√ ⌂
Å ◄Ⱡꜟ◑כ 10 Ҝ30 22 24%
ï ┼─
ï ◖☻♩ ⁸ ─ ⁸ ╩ ⌐

Å 25 Ҝ30 22 20
ï ╩ ⌂ ╡
ï ─ ≤

Å 65 Ҝ30 56%
ï ─ ─
ï ⌂ ─
ï ꜞ☻◒ ┼─

Å ◄Ⱡ ◄Ⱡꜟ◑כ 35% ⁸ ◄Ⱡꜟ
13%כ◑ ה 17%
ï ⌂ ◄Ⱡ─
ï ◄Ⱡ ≤ ─

Å / / ◄Ⱡꜟ◑כ─

165ⱳϵКиϻ˔ṁ ὓᵊ 2018/7/3 ϢϤ



2030 ◄Ⱡꜟ◑הכⱵ♇◒☻≤

17ϵК Ɫ ϢϤ

ϵКρᾖ◓ ᶨ τϢϤʺ
™ϵК τϢϥ
ϬϸН˔



2050 ⌐ ↑√ ⌂

Å ◄Ⱡꜟ◑כ ⁸Ᵽ▬○⁸
ï ─ⱬכ☻

Å ◄Ⱡꜟ◑כ ⁸
ï ⌐ ⇔√ ╩ ∆
ï / /♦☺♃ꜟ ⌐

Å
ï ─
ï /Ᵽ♇◒◄fi♪ ⌐

Å
ï ─ ⁸
ï●☻ ⌐◦ⱨ♩⁸ ⱨ▼כ♪▪►♩
ï ⌐ ↑≡ ⌐

Å ה ⁸ ◄Ⱡꜟ◑כ
ï ה ⌐╟╢ ┼─
ï ◄Ⱡꜟ◑כ◦☻♥ⱶ≤

Å ◄Ⱡ EVה ⱴ▬◒꜡◓ꜞ♇♪ ─ ∑

18
5ⱳϵКиϻ˔ṁ ὓᵊ 2018/7/3 ϢϤ



2050 ◄Ⱡꜟ◑הכⱵ♇◒☻⌐ ↑≡
Å ṕ Ṗ ṕ CCS CCUSṖ

Å CCSḲCarbon dioxide gas Capture and Storage, CCUS : Carbon dioxide gas Utilization and 
Storage 

Å

19
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2050 ◄Ⱡꜟ◑הכⱵ♇◒☻─◦♫ꜞ○

20

ЄЗзϷ ᴟ ᾖ◓ ™ Киϻ˔

AṪ ᵠ
ЄЗз
Ϸ

ᴦ σᾢϤ 50
˙
58̋

™ᴶ йЦ
иӲⱱᾖ◓
ƲƐƖƪǄƗƙƪ

20
˙
25̋

1 χ
™ϵК ằẚ

20
˙
25̋

ᴟ Ӣ ʺⱢᾛзІϼΚϤʺGHG⌡ᾚ50̋ӟᴞˁ

B™ϵК
︠ ᾛ
ᴟЄЗз
Ϸ

ᴟ ƲƐƖ
ƪǄƗƙƪ

15̋ ᾖ◓ 5̋ ™ϵК︠ ᾛ
ᴟ

80̋

ԁớ зІϼΚϤʺ™ϵКНАϼϯАФ ʺGHG80̋ψ₉

C1
ᾛ

῟ᶨ Є
ЗзϷ

ᴟτ
ϢϤᶨ

20
˙
40̋

Ц˔І ᾛ
Ṑ Ӳⱱ

25
˙
40̋

3 χ
™ϵКӗ ằẚ

25
˙
40̋

σ ᴟʺ ʾ ᴟ ›δπ‰ σS+3Eםᾝ

C2
ᾛᶨ
Ω ᴟ
ЄЗзϷ

ᴟτ
ϢϤᶨ

10
˙
30̋

Ω ᾢχ 35
˙
45̋

︠ ᾛᴟ 35
˙
45̋

™ϵКʾ ЄІГЭχṪ ᶗ ʺ ▒ϹІCCSʾ CCUSṪ

ЄЗзϷ 2019/10/4



2- 1
ÅОзẸ 2015 2Ὦ
ï₈ ṙῇ GHG ρẊ ϬНжрІ
ï▀Ộᶗ ϢϤ2 ᴞ̆ τ ⱱ

21
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2- 2- 1 ─GHG

Å σ⌡ᾚτΰΪθ σ ρΰο ꜘ
Å ├τψ Ϭᶎ

22



2- 2- 2 2050 ⌐ ↑√GHG
2030 26% ⁸2050 80 ╩ ∆

ⅎ ה ה ─ ⌐ ∆╢

23

0

2

4

6

8

10

12

14

16

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

ṕ CO2

Ṗ 2030

2013
26%
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24ˀ Ⱨ ᾖ◓ ʾϵКиϻ˔ ͎
͍͌͒

ᵔ 2-3 е˔кАОψ πᶆ⁯ρ ὀ
ψꜛ⁯ πḁὫβϥ ΥΚϥ



2- 4 ●☻
Å ←ӟ‭ʺ χᴛע῟ᴮϹІ ψ ᴥΰʺ2013 τψᵃ
ẠΩ‰ρσϥ14ᴑЕрϜχᴛע῟ᴮϹІϬ ΰϘΰθʻζχῇψᾚ ΰʺ
2017 ψ ← χ2010 χ ϬᴞᵕϤϘΰθʻ

Å ρψΜΠʺˮОзẸ ˯τṁξΜο ϛθᴛע῟ᴮϹІχ⌡ᾚ Ϭםᾝ
βϥτψʺήϣσϥ Υ ιΤϣπβʻ ψ2030 Ϙπτʺ2013
π26̋χᴛע῟ᴮϹІ⌡ᾚϬ ρΰοΜϘβʻάχ ψʺ ⁯χ

⌡ᾚ ρ ϓοϜ‰ΜϜχπβʻ

25

ϵКиϻ˔ HPІЧЄϯиЀрГрБϢϤˢ2019ˣ



26

ˀ Ⱨ ᾖ◓ ʾϵКиϻ˔ ͎͍͌͒

2- 5 ─ꜝ▬ⱨ◘▬◒ꜟCO2



27
ⱢᾛϵКиϻ˔ ͥ͝ІЧЄаиЀрГрБϢϤˢ2019 ˣ

2- 6 ─ ◄Ⱡꜟ◑כ
2017

ψ34ӡ



2- 7 ─ │ ⌐

ÅⱢᾛ ⁯

ïϵКиϻ˔ᾛχ9ᶤӟ
Υ ᴟ

Å χ ṓ Ỳ

ï⁯∑ τ‰

ïᴟ χ⁯∑◕ ᴣᶊ
Ӣ ρ™ϵК ᴿỲ

Å⁯ᴪ χὓπ︡Ϥ
ϚϵКиϻ˔ ├

ï⁯∑ χὊↄ Ӳⱱʺ
ếᴟ

ïεΜֿפσằẚ  χᵠ

28
ϵКиϻ˔ 2019ϢϤ

ЕАФйЦиχᴟ Ӣ

▀Ộ ψ ᵦԁʺᴪ ψЖϱБτⱳΩ Ỳ



◄Ⱡꜟ◑כ ─
ϵКиϻ˔Ɫᾛ ӗ ằẚӗ Ὂↄ ḕẽ ›

ᴟ

▒ ֗ὲῴ
ֲốσς

Ɫᾛ τᾢᵦˢ ʺ
ϹІϢϤ ˣ

Ῠ CO2 ‰

⁯∑ χֲốϯзʺ
Ɫᾛ τᾢᵦ

CO2
ϞϞ‰

ϹІ Ɫᾛ τᾢᵦ
CO2

ᾖ◓
ὖ בּ ױ

τϢϥὲῴ
ֲốσς

⁯▀Ɫᾛ
Ῠ CO2

‰ 2000

™ ϵК
ӗ ἷ

ʺ ʺ
НϱϷ

ᵲσς ᵫ ᾢᵦτựΜ Ῠ
CO2

ᵗσς
ὼ

™ ϵК
ἷ

Ίʺ ӽ ᵗσ
ς

ψ ˢ
Ίˣρ ῙχֲốϬ
ΪσΜꜛ ˢ
ˣʺϜΰΨψᴲ
τϢϥНАϼ

ϯАФΥ

НАϼ
ϯАФḯ
ϛϥρ‰
͛ͩ͞

CO2
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─
Å ╩ ⅎ√
ï ─ ⁸◄Ⱡꜟ◑כ ⁸ ╡ ™ ↕
ï ⌂ ⁸ ⁸ ה ⁸ ⌂≥
ï ─ ⁸◄Ⱡꜟ◑כ ⁸ ╡ ™ ↕

Å ה ─
ï ≤⇔≡

Å │
Å ⅛╠ ┼⁸ ⅛╠ ⌐⁸ ┼ 1950 ⅛╠1960

Å ⇔√ⱬכ꜡☻כ♪ ⅛╠Ⱨכ◒ ╕≢ ↄ

ï ⁸
ï ─

Å ⌐ ↑≡Ҝ ⌂ ≤ CO2 5 ◄Ⱡ
ï ⌂
ï CO2 ה ה CCS
ï ┼─

─ │ ◖ꜝⱶ
─№╢╙─╩ ⇔⁸ ╩ ∆↓⅜

30



─
Å ◄Ⱡꜟ◑כ ◄Ⱡꜟ◑כ ⅜ ™
ï 100 kW─ ╩1 ∆╢─⌐ ⌂

Å 200 ♩fi⁸ 130 ♩fi⁸ ●☻ 100 ♩fi
Å 20♩fi 10 ─

Å ⅜ ⅜ ™
Ҝ ◄Ⱡꜟ◑⁸כ

ï ⇔√ │ 4
ï הꜟ◒▬◘ ⌐╟╡⁸ⱪꜟ♩♬►ⱶ╙ ≤⇔≡

─ ⅜╒╓⌂ↄ⌂╢

Å ⌐ ↑ ─
ï ≤ ⌐╟╢ ─
ï ≤ ⌐╟╢ ─

Å ⌂◄Ⱡꜟ◑כ ─ ⌐ ∆╢ ⌂ⱬכ꜡☻כ
♪ 5 ◄Ⱡ
ï ⁸ ◘▬◒ꜟ─
ï /Ᵽ♇◒◄fi♪

ï │ ─ꜞⱪ꜠ה☻כ

31



─ ─ ─

Å
ï ─ ⌐ ∫≡ ─
╛ ─ ⌐╟╡ ─
⅜ ∆╢ │⁸ ─
⌐ ℮ ꜞ☻◒╩ ⌐ ↕∑⌂™
⌐ ↕╣╢═⅝

Å
ï ─ ⌐ ∆╢ ─

─ ꜞ☻◒⁸⅔╟┘
⅛╠№╢ ─ ⌐№╢ ─
─⅜╪⌐╟╢ ꜞ☻◒│⁸≤╙⌐
√╡100 ─ ╩ ⅎ⌂™

ï ☿◦►ⱶ137─ ⅜100TBq
─ ─ ╩ ⅎ╢ │⁸

№√╡100 ⌐
⌐ ∆╢⁹
Å ─1/100 ⌐ ∆╢
╟℮ ⅜

Å
ï CFD) 10- 4
ï CFF) 10- 5

Å ─ ≤∆╢⌐│

32

╥― ᶨτΣΪϥ ựσзІϼ
ü ᾤ ♂ 1/

♂ 1.0˷10-2

ӂ ˢΥϭˣ 8.0˷10-3

ῖ Ⱨᾮ 4.5˷10-5

ʾ 6.4˷10-5

ü ᾖ◓ ӗ 1.0˷10-6

V ựσзІϼτΨϣϓ Μʻ
V ᾖ◓ ⱧᾮτϢϥ πχ♂

ψЉк
V Ϛΰϧױ ʺ ωΨᵕ χθ
ϛχ Υ

ЈЄϳЭ
V 100TBqϬ ΠϥⱧᾮψ

100 τ1ᵕӟᴞτ
ˢ Ⱨᾮχ1˗100ӟᴞˣ



◄Ⱡꜟ◑כ─
Å ◄Ⱡ│ №╢◄Ⱡꜟ◑כ
ï │ ⅛╠ ⌐ ⁸ │19

⅛╠
Å ≢│ 1888 ⁸ ⁸ │

⁸ ≢│ 1891 ⁸ ⁸ │

Å1950 ╕≢│ ─

ï ◄Ⱡꜟ◑כ Ᵽ▬○ ⅛╠ ⁸
⌂≥
Å ≤ ≤⌂⁸ⱷ♃fiꜟכ◖ꜟ▪
Å ⌐ ╩ ⅎ╢≤ ⌂≥

ï │ ⌂─≢⁸ │ №╡
Å ⌐ ⁸

Å ☻כⱬה ╩ ⅝
ï ─ ⌐│ ⅜№╢
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◄Ⱡה ≤ ─

Å │ ♀꜡⁸ ⁸ ≤╙
ï ⌐ ∂√ ⅜≢⅝⌂™
ïⱣ♇◒▪♇ⱪ ⅜

Å Ҝ CO2 ⌐⌂╠⌂™
Å Ᵽ♇♥ꜞ⁸כ ⌂≥

ï↓─╟℮⌂ ⌐╟╡ ◖☻♩ FIT≢◌Ᵽכ

Å ◄Ⱡ─
ï │ ⌐ ∂╟℮⌐ ה ⁸ ⅜ ∏╢₈ ™ ₉
ï ⅜ ╩ ⅎ╢≤ ⅜ ⌐⌂╢
ï ⅛╠─ ╩ ∆╢≤⁸Ᵽ♇◒▪♇ⱪ ─ ⅜

Å 2050 ⌐ ↑ ⌐ ⇔√ ╩ ∆
ï ◄Ⱡꜟ◑הכ Ᵽ♇◒▪♇ⱪ ◦☻♥ⱶ

◄Ⱡ ⁸ ◦☻♥ⱶ⁸ ◦☻♥ⱶ─ │
─№╢ ╩ ⇔√◄Ⱡꜟ◑כⱵ♇◒☻ ⅜
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─ ◄Ⱡ─ ╡

Å ⁯ Ϥχ™ϵК ‰
Å ˢ⁯ Ϥ ˣ ‰

35



◖ꜝⱶ ◄Ⱡ─ ⌐ ↑≡

Å ⁸ ⁸ ╩ ∆╢√╘ │ ה
⌐╟╢Ⱨכ◒◦ⱨ♩ ≤ ⌐╟╡Ᵽ♇◒▪♇ⱪ
ï ◖☻♩ ⁸CO2 ⁸ ⌐

ï FIT⌐╟╢ ≢ ה ◄Ⱡ ╩ Ҝ2050 │FIT⌂⇔≢

Å ⌐│ ⌐ ⇔√ ╩ ∆ 5 ◄Ⱡ
ï ╩ ≤∆╢◦☻♥ⱶ─

Å₈ ◄Ⱡ ה ◦☻♥ⱶ₉≤₈ ◦☻♥ⱶ₉

ï ⌂ ⌐│◖☻♩─ ⅜

Å◖☻♩─ Ɽꜞ♥▫כ◖☻♩ │

25 kWh⁸ 15 /kWh

ï ↓─ ⌐│ ⅜ ⌂╢╙ │

Å │

Å ∆╢ ─ ╙ ╕ⅎ√ ─ ™◄Ⱡꜟ◑כⱵ♇◒☻╩
∆╢⌐│⁸ ⅜ ⅛∑⌂™
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◖☻♩─ ≤ ─

37
ϵК ϵКиϻ˔ṁ ὓᵊⱢ 2018/7ϢϤ

ψНАϼϯАФσΰπχ ʺ͍ χ χ3 χ Υ ρΰοϵК Υ▄ ʻ
ЀІЕψ ЀІЕρ χ ˢ10˙30 ˁˣρζχḧχ ʾ ᵕ τϢϥρ ╔ʻ

™ϵКʾ ЄІГЭχ ṛ ᴟʺ ЀІЕᴟχṪ ᶗ ψ ʻםᾝᴦ
σ Ӥπ βϥάρτσϤʺ ᴲ ӲⱱϜ ρσϧΞʻ



─ ≤ ◖☻♩

Å χ ЀІЕψ
χ ρ ṍ

ḧ χ ᵕ τӢ β
ϥ
ü1ᵕ Ϥχ Ỳ˹

˗ ᵕ
V ϬᴞΫϥ
V ᵕ ˢ ʾ ᵕ

ˢᴶ ˣϬ Ϟβ

Å ṍḧτἣ ΰ ˢ
ρ ˣβϥχΥ
ü1 1ᵕˢС˔ϼЄТЕ

ˣψ1 ḧχ ʾ
ˢ Ῑ ᴂ ˣχ

1/7

Å ᵕ Ϭ ϞδωЀ
ІЕψᴞΥϥ
üἣ ρ ˢ
ט ˣΥϸϻ
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LIBЀІЕ

NASЀІЕ

ʾ

Ѐ
І
Е

ד
˗
·
ͬ
΄

ṍ
ḧ

χ

►

ᵕ

ᴦ σ
Ӥ

ה ◖☻♩│ NAS 4 /kWh⁸ꜞ
♅►ⱶ▬○fi LIB)20 ╩⁸ ╟╡ ╘√

15 ─ ≢ ⇔√ ʻ



⌐ ⌂▬fiⱨꜝ

39ϵК 2030 ϵКиϻ˔ЬАϼІ ├Ɫ ϢϤ

─ ⁸ ⁸ ⁸ ⌂≥ ⌐
⅜ ⁹ │ ⁹



◖ꜝⱶ ◄Ⱡ─

Å ⁸ ─ │ ⅜12%,20%
≤ ↄ⁸ ─ ™ ⁸ 80% ⌐ ═≡⁸ ≢
│7 ⁸ ≢│4 ─ ╩ ≤∆╢

Å ⁸ ─ kw⌐ ⇔∕─ kWh⅜ ⌂™√╘⁸∕─
◖☻♩│ ⌐ ≢⁸ ⁸ ─2 ⌐⌂

╢

Å ⌐╟╢ ◄Ⱡ ─ ⌂⇔≢│ ⅜⌂™

Å ◄Ⱡ │ ≤⇔≡ Ҝ ⅜

Å 2017 ─ │ ≢2.1 ⌐╙ ┘ √╡ 1 7
─ ⌐ ∆╢

Å ♪▬♠≢│1 kw⌐ ┬ ה ⅜≢⅝ ↕╣≡™
╢⅜ ─ ●☻─ │ ┌™≢ ⅜╠∏⁸2020 ⁸
2030 ─ ⅜ ⌂ ⌐№╢
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ˀϵКиϻ˔ 2018 41

─



♪▬♠≤▬◑ꜞ☻─CO2 ─

─CO2 ≤

42

ЖϱБ ϱϻзІ

ⱳ 1990 2010 2015 1990 2010 2015

›ὓᴑkWh 5500 6300 6400 3200 3800 3400

™ϵК ᴑkWh 190 1000 1900 60 260 840

ᾖ◓ ᴑkWh 1500 1400 920 660 620 700

ᴲ ᴑkWh 3800 3800 3600 2500 2900 1800

CO2 ᴑΒ 3.4 3.0 2.9 2.2 1.7 1.2

ᴪ ṓ Ỳ ד 32 40 18 27

› σἱΰ
™ϵКᶈ πϜᴲ ⌡
ᾚΥ σΨCO2ᾚ δ
γʻ ṓ ỲϜ‰Μʻ

ӡπCO2⌡ᾚʻ
™ϵКᶈ ʺᾖ◓ Ӳⱱʺ
ᴲ ⌡ᾚʻ

◄Ⱡ ╟╡



◖ꜝⱶ ─ │
≢ ⌂ ⅜

Å ─ │ ⌐ ↕╣≡⅔╡⁸∕─
≤⇔≡ ╩ ⅝ ⇔⁸∕─√╘ ╩ ⇔≡
⇔≡™╢

Å ∕─ LNG╩ ≤⇔≡2011 │2.3 ⁸2012 3.1 ⁸
2013 ⌐│ ⌐3.6 ─ ⌂ ⅜ ⇔≡™╢

Å ↓╣│ √╡100 ⌐ ⇔⁸ √╡ 3 ─
⁸ⱶ♄ ™⌐⌂╢

Å ∕─ ─ ⅜╡─ ⅝╙№╡⁸ ⇔≡™╢╙─
─ ╕≢⌐ 20 ─ ⅜ ⇔⁸ ≤╙ ⌐
∆╢
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─◄Ⱡꜟ◑כ ─

Å ◄Ⱡꜟ
─כ◑ ⅜ 1/3
⌐

Å ⅜
⁸ ╙
⌐

Å↓─ │ ╙

₈ ─◄Ⱡꜟ
כ◑ꜟⱠ◄₉⁸╕™─כ◑

44

ꜛẚ

Ӭ ◦ρὊ ◦



─

45
ϵКиϻ˔ 2019ϢϤˢԁ ˣ

Å │ ◦ꜛ♇◒≢ ⇔√⅜∕─ ⌐
Å ⁸ ≤⌂╡⁸ ≤ ∆╢≤ 25 │ 3 ⁸ │ 2
Å ⌐╙♪▬♠⌐ ∆╢ ™꜠ⱬꜟ 2 7
Å ⁸ ─ ™ ה ╛ ⌐│ ⁸ ⌂≥─ ⅜ ∂≡™╢

ԁⱳ
ḾṐ

ⱳ
ḾṐ ←



─
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ϵКиϻ˔ 2019ϢϤ



kWh ╡─ ◖☻♩

─ ◖☻♩≤ 2014 ⸗♦ꜟ

◄Ⱡ ◖☻♩ WG 2017.5 ╟╡
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֫ Ӳⱱ

CO2 ├
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◖ꜝⱶ ─◄Ⱡꜟ◑כ ⌐
│ ⅛∑⌂™

Å ◄Ⱡꜟ◑כ ╩ ⌐ ╢ ─◄Ⱡꜟ◑כ │ ⅛8.3%
Å │ ⅜ ™↓≤⁸ ⌐╟╡►ꜝfi ─ ⅜ ⌂
↓≤⅛╠ ◄Ⱡꜟ◑כ≤™ⅎ╢ IAEA│ ◄Ⱡꜟ◑כ≤⇔≡™╢

Å ─ ││ 20%Ҝ │

48

ⱢᾛϵКиϻ˔ HPІЧЄϯиЀрГрБϢϤˢ2019ˣ



1978 ⌐ ╦∫√ ─
─ ⅎ⅜

Å 1970 4 ⌐ ╩ ⇔√ ╩ ╡ ⅎ╢√╘─
│⁸◄Ⱡꜟ◑כ ─ ⁸◄Ⱡꜟ◑כ ⁸ ≤

Å 1960 1 70 20 ⌐
╕∫√ ─ │⁸ ⌐ ⅝ↄ

1960 1 ⁸1970 20 ,1980 16 ⁸1990 15 ⁸2000 5

Å 70 ─ │⁸1950 ⅛╠─ ─№╢ ⌐
╟╢╙─

Å ◄Ⱡꜟ◑כ─ │81%≢№∫√⅜⁸ ≢│
ה ─ ⅝ ⇔≢89%⌐ ⇔≡™╢

Å ◄Ⱡꜟ◑כ ╩ ⌐ ⇔≡ ─ ™ │ ─
≢ ─ ╩╙╤⌐ ↑╛∆ↄ∕─ ⅜ ↕╣≡™
╢

Å 1978 ⌐ ╦∫√ ─ ╩ ™ ↓⇔ ─ ⅎ╩
≤╢═⅝≢│⌂⅛╤℮⅛

Å ─ ⅜ ─ ─ ⌐⌂∫√ ╩ ╖╢╕≢╙⌂ↄ◄
Ⱡꜟ◑כ │ ⌐ ⇔≡™╢↓≤╩ ⌐ ∏╢═
⅝
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◄Ⱡꜟ◑כ │

Å ◄Ⱡꜟ◑כ ─ │ ─ ⌐ ╦╢ ≢№╡⁸ ⌐
⅛╠ ⌂ ⌐ ⇔√ ╙ ⇔™

Å ⅛╠─◄Ⱡꜟ◑כ ─ ─fiכ꜠כ◦╢№≢♩כꜟ ⌂
│ ≢№╡⁸≤╡╦↑ⱱꜟⱶ☼ ⁸ ◦♫ ⁸ ◦♫

≢─ │∕─ ≤ ⌐ ╘⌡┌⌂╠⌂™⅜⁸≢⅝
╢ ╡ ⌐ ⇔⌂™ ≤∆═⅝≢№╢

Å ◄Ⱡꜟ◑כ ─ ─ ⇔⌐╟╣┌ ─ ⅛
╠─ │2040 ⌐│ ─ / ⌐ ⅜╢≤─↓≤

Å ◄Ⱡꜟ◑כ─ ⌐│ ⅜№╢↓≤⅛╠ ₁─ ⁸ ⁸
─ ─◄Ⱡꜟ◑כ╩≥℮ ∆╢⅛╩ ⌐ ⅎ╢↓≤⅜
₁─ ─ ≢№╢ ⌂⇔≢│ ╡ √⌂™↓≤╩ ∆
═⅝≢№╢
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51

─ꜞ☻◒



◖ꜝⱶ │ ╩ ↕∑╢

Å ─ 85% Ҝ ꜞ☻◒⁸ ꜞ
☻◒

Å ◄Ⱡ ⁸ Ҝ ⁸CO2
Ᵽ♇◒▪♇ⱪ

Å Ҝ ─

Å

ï √╡GDP─ 1996 3 Ҝ2016 22

ï 2010 2030 ─ 0.09%

ï 2030

Å GNP 7.8 ⌐ 1.7

Å 18.7% ⁸ 36.4 ⁸CO2 74.6%

ʿ ṗ᷇˰⁯∑ Ӭρ Ɫ˱Spring2014/No.95 ˰ ᾖ Υ χὊↄʾ▀Ộτ Πϥֲố˱

52



─ ⅜ ⌐ ⅎ╢

⅜◄Ⱡꜟ◑כⱵ♇◒☻ ─20 22%⅜
15% ⌐ ⇔√

ü 2030 ─ GDP│ ╩LNG ≢ ≡╪∆╢≤
2.5 ⁸ ◄Ⱡꜟ◑≢ ≡╪∆╢≤ 2.7 ⁸∕╣
∙╣ ∆╢

ü 2017- 2030 ╕≢─ ≢│LNG ≢ ≡╪∆╢ │
11 ⁸ ◄Ⱡꜟ◑≢ ≡╪∆╢ │ 13 ─
≤⌂╢

ü ┼─ ╩ √╡─GDP≢ ╢≤⁸2030 ≢
2.1- 2.3 ─ ≤⌂╡⁸↓╣╩ ─ ™⌐ ∆
╢≤⁸ √╡ 2⅛ ─ ≤⌂╢

ʿ ᾆẕ״ ♯▄῝ 2017/11
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─ ⅛↕│ ⇔≡™╢

0
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1996 2001 2006 2011 2016

ІϱІ

Іϳϴ˔Др

ЖϱБ

ϯЮзϸ

ТжрІ

ЄрϹЪ˔и

ϱϻзІ

ϱЌзϯ

ḫ⁯

⁯

ԁ θϤ GDPˢ USЖиˣ

χԁ θϤGDPψʺ1996
ᵦ 3ӡπΚμθΥʺ2016 τψ
22ӡϘπ ΰθ

ʿIMF-World Economic Outlook 
Databasesˢ2017 10Ὦ ˣ 54



◖ꜝⱶ ≤
Å הꜟ◒▬◘ ╩ ⌐ ⅎ√
│⁸2018 7 ⌐ ⇔√
ï ⌐╟╡ ∆╢Pu│∆═≡MOX ≤⇔≡ ⌐ ⁸

│ ≤⇔≡╙ ∆╢─⌐ ⌂ ≤⇔≡
↕╣≡™╢
Å ⌂Pu│ √⌂™
ÅIAEA⌐╟╡ ⌐

Å │6000 ─ ╩ ⇔≡™╢≤─ ╙№╢⅜⁸
Pu≢│ ⌂ │≈ↄ╣⌂™↓≤│
─ ∆╢Pu 48♩fi╩6000 ≤

ï ≤ ╦╣≡™╢─│ Pu ≤ ╩ ⌡√ ⅛
╠ ↕╣√Pu⌐╟╢╙─

ï Pu⅛╠ ─ ≤ ─ ╩ √∆
│≢⅝⌂™

Å 5 ◄Ⱡ ≢│Pu ⌐ ⌐ ╡ ╗≤⇔≡™╢⅜⁸
⁸ ╕≢ ⌐ ∆╢╙⁸™∏╣∆

═≡ ↕╣╢ ≢ ⌂╙─≢│⌂™
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≢ ⅜ ⌂ ≈─

56
ᴱ ᵤ ♃Ɫ ϢϤ



Å ⅛╠ ∆╢Pu│∆═≡ ≤⇔≡ ∆╢
Ҝ ⌂Pu│ √⌂™

Å ─Pu 47t 2016
ï 10t 37t

Å ≡ MOX ⁸ ≤⇔≡ ∆╢
ï ⱪꜟ◘כⱴꜟ≢ 4 ≢
ï ╩ →⌐ 15t─Pu⅜ ⌐⌂╢
ï ⌐ ⅜ ⅎ≡ ⅜ ∆╣┌ ↕╣╢

57

⌐╟╡ ⇔√ⱪꜟ♩♬►ⱶ

ᴱ ᵤ ♃Ɫ ϢϤ



↓╣⅛╠─

╩ ╡ ⅎ≡

≢│ ╩ ∆╢ ₁╙⅔╠╣╕∆⅜⁸ ╩ ⇔⌂⅜╠
◄Ⱡꜟ◑כ ⌐↓√ⅎ╢⌐│⁸ ─ ⅜ ⌂↓≤╩ ⇔
╕⇔√⁹

≢│ ⌐ ⇔≡ ⇔√⁸ ─ ⌐
∆╢ ─ ╩ ╕ⅎ√℮ⅎ≢⁸ ─ ╩ √∆√

╘⌐│≥℮∆╣┌╟™─⅛⌐≈™≡⁸ ╩ ⇔╕∆⁹
⌐ ⇔≡ꜞ☻◒♀꜡│ ≢∆⅜⁸ ⅜ ≢⅝╢ ⌐ꜞ☻◒╩
∆╢↓≤⅜╕∏ ╘╠╣╕∆⁹∕─℮ⅎ≢⁸ ◘▬◒ꜟ╩ ∆╢↓

≤⌐╟╡⁸ ⌐ ╩ ≤⇔⁸◄Ⱡꜟ◑כ ≢─ ⅜
≢⅝╕∆⁹ ⌐ ⁸ ─ ╩ ⇔⁸21 ╩ ⇔√
◄Ⱡꜟ◑כ ⁸◄Ⱡꜟ◑הכⱵ♇◒☻ ╩≥℮∆╣┌ ≢⅝╢⅛╩
⇔╕⇔√⁹
↓↓≢│ ╩ ⇔╕∆⁹
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│ ⅜

¸ ─ ╩ ≤⇔√⁸ ─
⅜ ╠╣╢ ─

⅜ ╠╣╢

─ │

¸ ─ ה ≤ꜞ☻◒─

ה E ֕ ꜞ☻◒

S│ꜞ☻◒─

¸ ╙℮ ≈─

ה E ֕ ─♫▬ ─ꜞ☻◒

◄Ⱡ ─ꜞ☻◒

ï ⅜ ≢│ ╩ ╘⁸ ─ ⅜
⌂ ⌐╟╢ │♀꜡

ï ⇔⅛⇔ ≢15 ⅜ ⇔⁸ ⌐ ⅜ ⇔√
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─
ü ─◄Ⱡꜟ◑כ│ ─◄Ⱡꜟ◑כ

ü ⅜ ⌐ ─ ≤ ⅜ ⅛╠ ╩
∆╢↓≤⌂⇔⌐ ⅜ ∆╢ ╩ ≤™℮

ü ≢│ ⌂ ≢ ꜠ⱬꜟ─ ╩ ╦∑╢√╘⁸
╩ ≢ ─ ╩ ꜠ⱬꜟ⌐ ⇔≡™╢

ü ─ ⌐ ↕╣╢◄Ⱡꜟ◑כ

ü U235+ Ҝ ◄Ⱡꜟ◑כ MeV

ü ◓ꜝⱶ─ ⅛╠ ╠╣╢◄Ⱡꜟ◑כ│ ─ ⅛╠ ╠╣╢◄Ⱡ
כ◑ꜟ eV ─300

ü kW─ ⁸ ∆╢─⌐ ⌂

ü ►ꜝfi 21 ⁸ ●☻ 95 ⁸ 155 ⁸ 235

ü ─ │⁸ │ ™⅜ │ ⇔ↄ ⌂™
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U235 100



─
╩ ⇔√ ╩ הה ⌐ 4 ⁸ 5

Defense in Depth ≤╙ ╦╣╢

⅛╠ 5 ╕≢─ ─
─

ï №╢ ⁸ⱨ▼כ☿ꜟכⱨ⁸▬fi♃כ꜡♇◒

─
ï ה ╘╢⁸ ╛∆⁸ ∂ ╘╢

ï ⌂≥

┼─
ï ⁸ⱨ▫ꜟ♃כⱬfi♩⌂≥

┌ↄ ה ה
ï ⁸ ⁸ ⌂≥
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─ ⇔™ ⌐

62

< χṛ ṁ ˼

ṛ ṁ Ϭ
ˢ ᵦԁᾗΰΜṁ ˣ

ü ῐ ͍ ˙͏ χ ם
ü ͐ ʺ͑ τϢϤЄРϯϯϼ
ЄДрЕϬ ♁



63
63

│ ⌐ ╕∫√

ˣ
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∕─
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לּ ├ˢ ≤᷀֕ᾖ ˣ ˢḩ ˣ

ˢḩ ˣТϰиЌ˔ЦрЕᵵ
ˣ

∕─



Å ┌ↄ
ü

Å 1mSv/
ü

Å 50mSv/
Å 100mSv/

ï 5 ≢100mSv 
Å 250mSv/

Å
ü 20mSv/

Å
ü

Å 5mSv/
Å 50

500Bq/kg

ü

Å 1mSv/

100Bq/kg

66
66

─ ┌ↄ│ ™ ≢

ṍ ᵬΤϣ
Μṁ Ϭ
⅜ ΰθ



Å

ï ⌐│⇔⅝™ ⅜
№╢

Å

ï⇔⅝™ ⌂⇔─ LNT
≤ⱱꜟⱵ◦☻
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─ ─ │ ⇔™

ü │ ⌂╠┘⌐ ≤╙⌐ ╟╡ ⇔™
V ─ │ ☻כⱬכꜞ꜡◌ ╩ ⌐
V │ 5mSv╩ ⌐500Bq/kg ∕╣≢╙ ─ ≤⇔√⅜⁸

⌐↓─ ≤⇔√
V ⌐╟╢ │2015 10 ≢0.0015mSv/

ü ∕╣≢╙ ─ │ ⌐ ⇔ ╩
V │⌂⅛⌂⅛⌂ↄ⌂╠™

68

─ EU

50 1200 400 1000

50 1,200 1000 1000

10 1200 1000 1000

100 1200 1250 1000

<1mSv/ <5mSv/ <1mSv/ <1mSv/

50 30 10 10

─ ☿◦►ⱶ ⱬ◒꜠ꜟ/kg

─ ╩ ≈√╘⌐ ╟╡



◘▬◒ꜟ⌐╟╡◄Ⱡꜟ◑כ│

Å ╙ ⌂
Ҝ ◘▬◒ꜟ⌐╟╡

ï ╩ ⇔⁸ ►ꜝfi≤ ↕╣√ⱪꜟ♩♬►
ⱶ╩ ╡ ⇔⁸ ╩≤↓≤╪

ï ─ ─ ⱪꜟ◘כⱴꜟ ⌐╟
╡⁸►ꜝfi ╩ 20
ÅMOX ─ ≢

ï │ ⌐╟╡ ─◄Ⱡꜟ◑כ ⅜
Å ꜡◦▪⁸ ⁸ⱨꜝfi☻≢ ⁸

Å ⌐╟╢ ꜠ⱬꜟ ─ │⁸
─ ╟╡
ï ⅜ ⌂™√╘ ─ ╩ ⌂ↄ≢⅝╢
ï ⌐│Pu⅜ ╕╣⌂™√╘ ⅜ ⌂™

Å ─ ⌐ ╦╠∏⁸ ─ │ ↑╠╣⌂
™

⅜ ─

69



◘▬◒ꜟ ⌐╟╢
Å ─ ≤ ─

ï U235 3 5 ⁸U238 ╡ 95% 97
ï Pu 1 ⁸ U2351 ⁸ U238 93 95 ⁸

Å ⌐╟╡ ─Pu≤U235⅛╠►ꜝfi ≤MOX ╩
ï ►ꜝfi ≤
ï MOX Pu 4 6 ⁸U238 94 96
ï MOX Pu 16 21 ⁸U238 79 84

70

► ρ► ῇχϳжр ϳжр ρMOX

ˀ Ⱨ ᾖ◓ ʾϵКиϻ˔ ͎͍͌͒



─ ⱪꜟ◘כⱴꜟ─

Å 800t- U/ ≢ ⅛╠ ↕╣╢ ─
ï ─ MOX ≢ ↕╣╢
ï ►ꜝfi ─ ►ꜝfi ≢ ↕╣╢

Å ↓─ ⌐╟╢ ⌐ ∆╢
ï ∫≡ ⌐ ∆╢ ⅛╠ ∆╢ │ ≢ ∆╢↓≤⅜≢⅝╢
ï Pu│ ─ ∟ → ≤⇔≡│ FBR2 ќ Pu─ │

71ˀ Ⱨ ᾖ◓ ʾϵКиϻ˔ ͎͍͌͒



72

─ ≢─

ü │►ꜝfi ─99.3 ╩ ╘╢ ►ꜝfi U238 ╩
Pu⌐ ∆╢↓≤⌐╟╡⁸►ꜝfi ╩≤↓≤╪ ≢⅝╢⁹
ü U238ќPu ┼─ 1.2 ≢│ 0.6

ü↓╣⌐╟╡ ─ ⅜ ≢⅝╢

ˀ Ⱨ ᾖ◓ ʾϵКиϻ˔ ͎͍͌͒



꜠ⱬꜟ ─

Å↓╣╕≢─ ─ ⌐ ™⁸ ⌐●ꜝ☻
≢25,000 ─ ⅜

Å ꜠ⱬꜟ │●ꜝ☻ ⇔
●ꜝ☻

Å●ꜝ☻ │ ⇔√ ™ ⌐ ⌐

Å●ꜝ☻ ─ │ │ ™⅜
⌐│ ꜠ⱬꜟ ╖─ ⌐

Å ⌐│●ꜝ☻ ─ ⌐ ⇔
√ ⅜ ™

73



74

≤●ꜝ☻



Å ─ ↕
ï●ꜝ☻ │ ⌐
ↄ╠═ ⅜1/4
Å : 0.22
Å 0.15

ï ⌐╟╡ ─ ≤
≤╙⌐ ╙
Å ⅝™ ╕┌╠
≢ ╙

Å
ï 10
ï●ꜝ☻ ≢│Pu⅜

↕╣╢─≢ ⅜
Ҝ
Ҝ

75

●ꜝ☻ ≤ ≤



─ ꜠ⱬꜟ │
●ꜝ☻ ⇔ ∆╢

Å ●ꜝ☻│ ₁⌂ ╩ ⅛⇔ ╗ ⅜№╡⁸ ⅛⇔ ╪
∞ │●ꜝ☻⅜ ↑≢╙⇔⌂™ ╡ ⌐ ╣ ╢↓≤│⌂™

╩ ∫≡™╢

Å ●ꜝ☻⌐ ╩ ⅛⇔ ╗≤ ⅜ ↄ⅜◄☺ⱪ♩ ⌐ ╠╣
√ ●ꜝ☻│3000 √∫√ ≢╙ №∑≡│™⌂™

Å ◄☺ⱪ♩─ ⅜ ⇔√╟℮⌐⁸●ꜝ☻⅜ ⌐ ╡ ╩
∂ ╘╢≤™℮ ─ ╩ ⇔√╙─≢№╢
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●ꜝ☻ │
⇔√ ™ ⌐ ⌐

Å ●ꜝ☻ )◒♇ⱤכⱣכ○│ )⌐ ╘≡ ─
╩ ╘√ Ᵽꜞ▪╩ ↕300ⱷכ♩ꜟ ─ ⇔√

⌐ ⇔≡ ∆╢

Å 300ⱷכ♩ꜟ ≤│⁸ ─ ⅛╠ ⌐ ≢⅝
╢ ↕≢ ≢─ ╛ ─ ╩ ↑⌂™ ⌐
№╢

Å ™ │ ≢ ⅜ ╕⌂™≤™℮ ╙№╡⁸⅛≈
─◔▬ ⅜ ⇔≡ ─ ┼─ ↑ ⇔⅜

ⅎ╠╣╢≤™℮ ─ ⌐⌂∫≡™╢

Å ↓─ │⁸ⱨ▫fiꜝfi♪⁸☻◄כ♦fi⁸ⱨꜝfi☻ ─
≢ ⇔≡⅔╡⁸ⱨ▫fiꜝfi♪─ │ ⌐ ⅜

╕∫≡™╢

Å ●ꜝ☻ ⌐ ╕╣╢ ⅜ ≢ ┘ ↕╣╟℮
≤⇔≡╙ Ᵽꜞ▪ ≢ │ ∆╢
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78ˀ Ⱨ ᾖ◓ ʾϵКиϻ˔ ͎
͍͌͒



79ˀ Ⱨ ᾖ◓ ʾϵКиϻ˔ ͎
͍͌͒



●ꜝ☻ ─ │ │ ™⅜
⌐│ ꜠ⱬꜟ ╖─ ⌐

Å ϹжІᾧᴟ χ בּ ψ ᴞ χ ψế πΚμοϜ1000
ῇτψ 3000 χ1 τ ᴞΰοʺϜψϞ йЦи בּ
ṏ ϙχ בּ τσϥ

Å ϹжІᾧᴟ χ ψớϛο πʺ⁯ ᾖ χᴶ πϜ
⁯ 1 θϤ ḧ5ϽжЭˢ10דỜ1 ˣΰΤ ΰσΜ

Å ԁ ṏ ʾ▀Ộ ṏ ψ›δο⁯ 1 θϤ ḧ͐Ерˢ2
ЕжАϼ2 ˣϜ ΰοΜϥ ệτ ϓοϜΜΤτ
πΚϥΤΥ ᵔπΦϥ

80



81
ᾖ◓ Ṑ  4 FaCT ˢ2011ˣ

꜠ⱬꜟ ─ ─



82

⁯ЄрЪЅϳЭˢⱢᾛϵКиϻ˔ ˢ2017ˣ

꜠ⱬꜟ ─ ⌐ ↑≡



ⱴ♇ⱪ≤∕─ ≠↑

Å Ͻз˔р
ïῨϘΰΜ Υᶎ πΦϥᴦ
Υ‰Μ

Å ΜϽз˔р
ï πϜῨϘΰΜ

ÅᵤḰΤϣ15 ӟ

Å ϷйрЅ
ï ᴞχ ṍ ӗ τὼ ϯз

Åᴲ╦Τϣ15 ӟ ʺᶨ ựʺ
Ṟ χᴦ ϯзσς

Å ЄиН˔
ï ἕ⌡χᴦ ϯз

Å ʺϹІ ʺ

83ˀ ⱢᾛϵК HP

ᴬᶘ ЫАФρψ
ü τ κʺ ᴞχᴬᶘ Υ τ ήσΜ Ϟ πῨϘΰΜ

ӽϬ ꜘΰθϜχ
ü ᴬᶘ ОАФϬᶨ ΰ ᶨ Ϭ αοʺ⁯ Ϟ ӽּזᵓΥΩ τḩβϥ

ϬẶ βϥ
ü Ϭ ϙ φϥ πʺ ӽ Ϭ◦כβϥ☼├Ϭ ᵫβϥ



─

Å ─╟℮⌂ ⱪꜝfi♩ ⌐│
⌂ⱴⱠכ☺ⱷfi♩⅜

Å ⌂ⱴⱠכ☺ⱷfi♩─
ïⱪ꜡☺▼◒♩הⱴⱠכ☺ⱷfi♩
Åⱪ꜡☺▼◒♩╩ ⌐ⱴⱠכ☺
ï ⌂ ⌐ ⌂╙─╩

ïⱪꜝfi♩ה◄fi☺♬▪ꜞfi◓
Å ⅜ ─≤╣√◄fi☺♬▪ꜞfi◓

Å⸗♦ꜟ◄fi☺♬▪ꜞfi◓⅛╠CAD/CAE ◦☻♥ⱶ⌐

Å ⱴⱠכ☺ⱷfi♩◦☻♥ⱶ│⁸ ⁸
⁸ ─ ≢⁸◄fi☺♬▪ꜞfi

ה◓ ≤⇔≡ ⇔√

84



85

›ϵрЅИϯзрϽ
ϵрЅИϯзрϽЯДиΤϣІЌ˔Е



◄fi☺♬▪ꜞfi◓
─כ♃כ♦─≡ ќ ⁸ ⁸

ὺ ὓᵊχРЅвϯиᴟ ︢ ᾁχРЅвϯиᴟ 86



⅜ ╩ ∆╢√╘⌐│

Åꜞⱪ꜠ה☻כ ─ ⅜ √⌂™ ≢│
⅜ ⁸ ≤ ─

Å ⅛╠ꜞⱪ꜠ה☻כ ┼─ ╩≈↑╢√╘
⌐│
ï ⌐ ∆╢ ─
ï22 ⌐ ↑√ ╩ ⇔⁸ ≤⌂∫√◄Ⱡ
כ◑ꜟ ⌐ ─ ⅜

ï ⌐│80 ╙ ⌐ ╣╢ ╙№╤℮

Å ≢─ ⱪꜝfi♩ ┼─
ï ⁸ ⁸꜡◦▪ ─ │ ⁸ ─

≢ ⁸ ╩ ╖⁸ ─ ╙ ╘≡™╢
ï ─ ⌐≤∫≡ ╦╤℮≤⇔≡™╢
ï ⅜ ╙ ╩ ╕ⅎ√ ≢⁸

⌐ ⇔ ≢⅝╢│∏≢№╢
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ᵦψᾖ◓ χӢ Υ
βϥ

2030 ʺ50 τΣΪϥᾖ◓
ρ ṛ

ψ ӟᴞχ Ϥˢ2013
ʺ ʺ‰ӡ χ ỡ ˣ

Å ˢTWhˣ

ï2030 1.8
ï2050 2.6

Å ṛ ˢGWˣ

ï2030 1.5
ï2050 2.0

IAEAˮ ᵦχᾖ◓ ˯
ˢIAEA2017ˣ

88

2013
ỡ1.5

2013
ỡ1.8

2013
ỡ2.6

0

5000

10000

2013 2030 2050

ᾖ◓ TWh

IEAE2017ϢϤ

ם ӡ ‰ӡ ỡ ‰ӡ

0.0

500.0

1000.0

1500.0

2013 2030 2050

ᾖ◓ ṛ GW

IEAE2017ϢϤ

ם ӡ ‰ӡ ỡ ‰ӡ

2013
ỡ2.0

─
2030 ≤2050 ─



─ │ ≤ ╦╣╢⅜
▪☺▪ ╩ ⌐ ─ │ ™

Å ≢ ─ │439 4 600 kw≢ 1 ⌐8 ⅜
⇔√ 5 ⁸ ⁸ ⁸꜡◦▪ 1

Å ⌐ ⇔√ │ ≢3 ⁸Ɽ◐☻♃fi1 ≢
─ ─ │69 ⁸7,290 kw≢№╢

Å ─ ╙ ╕╣⁸ ≢98 ⁸1 1,116 kw─
⅜ ↕╣≡™╢⁹

Å ≢│ │ ↄ═⅛╠↨╢╙─≤⇔≡ ↕╣⁸
⌐ ⅛∫≡™╢ │╒╪─ ─╖≢⁸ ╠⅛⌐ ─

│ ┼≤ ⌐ ⅛∫≡™╢
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▬◑ꜞ☻
2030
10 20

2020
540 kW

꜡◦▪
2020 21

2,100 kW

20%

▬fi♪
2020 16

1,600 kW

ⱬ♩♫ⱶ
2020

2016

2020 32
3,200 kW

2

2025
400 kW

ⱴ꜠כ◦▪
2020

150

2030 16

ᾖ◓ χὺ ψ Ψ

2020 14

90 ˀ ễ



⁸꜡◦▪⁸▬fi♪⁸ ≢
─ ⅜ ⇔≢№╢

Å ⁯πψΩự5ṁ500 kwΥ֫ ᵫ◐ΰοʺᾖ◓ ψ35
ṁʺ3350 kwρσϤʺ τⱳΜπ ᵦ 4ӡχṛ ιΥựˑ ͏
ӡχᾖ◓ ⁯τ

Å ϱрЖπψ21ṁΥ֫ πʺ6ṁΥὺ ʺ2032 Ϙπτᾖ◓ ṛ
Ϭ6,300 kwρΰʺ2050 Ϙπτψᾖ◓ χᶤ›Ϭ25%τᶈ β
ϥ

Å ḫ⁯πψ ᵦ χAPR-1400 ᾥ ͍‹ṐΥ֫ ᵫ◐ʺᾖ◓
ψ25ṁʺ2,310 kwτʺᾖ◓ ψ 30%Ϭ ϛοΜϥ

ᾖ χ ΦϜᾋΠϥԁ ʺᵤᵰ ψ₯ΰΏΠϥ ◓ψᾋ
ΠσΜˁ

91



↓╣⅛╠─ ─◄Ⱡꜟ◑כ
Å 2030 ─◄Ⱡꜟ◑כⱵ♇◒☻
ïCO2 26%╩⁸ 20 22%⁸ ◄Ⱡ 26

24 ≢

Å 2050 ─◄Ⱡꜟ◑כ ◄Ⱡ ┼─
ï ─ │CO2 80 ─
ï │ ⅜

Å ⁸ ⁸ ◄Ⱡ─ ⌂ ╦∑
ï │ ꜞ☻◒ ≤ ה ⁸ ◄Ⱡ│ ≤ ╖ ╦∑√

⅜

ï ⌂◄Ⱡꜟ◑כⱵ♇◒☻─ ⅜ ⅜╣╢

Å 22 ⌐ ↑≡ ♀꜡◄Ⱶ♇◦ꜛfi ─◦♫ꜞ○
ï◦♫ꜞ○ ќ ●☻ 80 │
ï◦♫ꜞ○ ◄Ⱡ ќ ┼─
ï◦♫ꜞ○ 1 ќ ⌂
ï◦♫ꜞ○ 2 ќ

Å◄Ⱡꜟ◑כ▬fiⱨꜝ≢│ꜞכ♪♃▬ⱶ⌐ ∆╢
ï ⅜ ∆╢ ─ꜞⱪ꜠ה☻כ ▬♃♪כꜞ─
ⱶ│10 20
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22 ─♀꜡◄Ⱶ♇◦ꜛfi│ ⌂⇔≢│

ü 21 │ ●☻ ♀꜡ ♀꜡◄Ⱶ♇◦ꜛfi ⅜
≤⌂╢ ⅜№╢

ü ─ ◦♫ꜞ○ 1⁸ 2
V ⁸ ◄Ⱡ─ ─

V ◄Ⱡ─Ᵽ♇◒▪♇ⱪ│ ⌐╟╢

V

V ⁸ ⌂≥

V

ü ⌐ ∂√ ─

ꜞ☻◒╩ ↑╢√╘⌐│⁸ ⌂ ⅜ ╘╠╣╟℮
V 80% ⱨꜝfi☻ ╖─

V ◄Ⱡ 80% ─ ⌐╟╢

V 20% ⁸ ─ ⌐╟╢
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22 ⌐ ↑√ ◦♫ꜞ○

94

0

1,000

2,000

3,000

4,000

2030 2040 2050 2060 2070 2080 2090

ρ

Ṍ ֫ᵫ

ᴑkWh˗ ʿ2030 ӟ‭10650ᴑkWh˗

֫ᵫ3ṁ

2050 ӟ‭Ω
σᾖ◓

30̋τΰΪθ

125 kWʺ37ṁ

20

30

32

─
ü │2030 10650 kWh

ü ≤ ─ ─ │⁸
⁸ 80 ≢

ü 2050 │ │ 30 ≢
│ 80 ≢─ 4600 kW⁸1

╡─ 125 kW⁸≤⇔≡ 37 ⌐ ⁸
2050 ≢─ │ 22 ⌐

ü ЄЗзϷA Ṫ ᵠ
V 2030 Ϙπ
V ▒ϹІ⌡ᾚ 80̋ψ₉

ü ЄЗзϷB ™ϵК︠ ᾛᴟ
V ™ϵКχӗ ằẚᴟτΰΪθ

ʺϵКиϻ˔ Ḋ
ˢ ˣχṪ ᶗ Υᴿ

V ᾖ◓ ЄЗзϷ

ü ЄЗзϷC1 ᶗ Ṫ
V ᴟ ʺᾖ◓ ʺ™ϵКχᶗ
Ṫ Ϭᴦ σᾢϤ

V ᴟ ψCCS̋ CCUS̋ ʾ
ЮЌрᴟτϢϤЉкʾϵЬАЄд
рᴟ

V ԁớ Ӣ Ϭ Ϊʺ3E ᴦ
σ σϵКиϻ˔ЬАϼІϬ
Ẑ

V ЄЗзϷC1χԁ ʿᴟ 10˙
20̋ʺᾖ◓ 30˙40̋ʺ™ϵК
30˙40̋

ü ЄЗзϷC2 Ṫ ᶗ ᶈ
V ЄЗзϷC1Ϭ‰ ᴟ

╥― 2050 χϵКиϻ˔ʾЬА
ϼІχЄЗзϷˢP20ˣ

ЄЗзϷC1χԁ



21 │ ─ ⅜

95ⱢᾛϵК HPІЧЄϯиЀрГрБϬ

≤᷀֕1˙5‹ṐχΞκ1ṁӟ ̠֫
ᴦ ψMAX35ṁ

Ṍ ̍ᾝ∕ὺ χ MAX35ṁψ֫ ṍḧϬט ΰοϜ60 π֫
̰֫ ᴦ χΩ 2030 35ṁʺ2050 21ṁʺ2070 ͏ṁ

≤



─
Å ͑ⱳϵКиϻ˔ṁ ὓᵊπ︡Ϥ ϚϓΦṪ ᴿ
ïὖ χԁ χӗ ʾ ʾ῟ χΰ
ï ⁯Ϟᴆ χ ἷЯЅв˔и Ϟ ת ϬḯϚᶗ ᾖ◓ ᵫ χ
︡Ϥ ϙϬ ϘΠϥ

Å ͐ ᾖ◓ ЄІГЭᵫ τ βϥ⁯∞Т϶˔жЭχ ӛ
ï ͐ χᵵ

Å ᵦӊ Ẁ
ÅЗЕзϳЭ Ẁ‰
Åר›Ỳ Ẁ‰
Å ‰ᴛϹІ Ẁ
ÅϹІ Ẁ‰
Å ת

ï⁯∑ ṍ 3 ˴
Åᵠ ἷABWRʺᵠ ἷAPWRσς

96



─

Å νχ

97



─ ꜟכꜙ☺⸗

ἷ̍ᵠ ἷЯЅв˔и

︠σ ԁớ ἷ ằẚ ╩ἷ ӽ ᴂˢ ʺ
ʺ σςˣת

ЂϱЇ ᶊ Ṁ‰ή30˙70Ήʺ Ἲ30
˙40m

ЯЅв˔и‰ή20mʺ Ἲ
5m

ṓ 30 ˙140 kW ᵵφ30 Kwӟᴞ

ὺ ˢ1ṁ Ϥˣ ᴑ˙1 ˔Ϸ˔Ѝד ‹Ṑ3 ˙4 ד

ӗ ὓ ếᴟʺṐ ᴟˢ Ẁ
Ὁʺ ᾛσςˣτϢϤӗ
ΰ

Ẁʺ←ᵲⱲ
ᾛʺ ᴥ Ẁ ᴟʺ

֫ Ԍ ⌠ ᴟ

98

ἷЯЅв˔и χЌϱФρⱧ
üὖ ἷ NuScale Power45MWʺB&W180MWʺϳϵІГϰрϽ

200MW
ü‰ᴛϹІ ἷ ЧУиЦАЖЯЅв˔иἷ‰ᴛϹІ σς
ü‰ ἷ GE PRISM

ˢ ︡ Ђϱϼи30 ʺ Ϟ ˣ
ͨ͐שׂ
ˢ10MW ʺЗЕзϳЭ ẀʺЄрФиˣ



1970 ─ │
─ ⅎ⅜≢⅝√⅛╠ ╡ ⅎ╠╣√

ü ─ ─
ï 1954 Atoms for Piece ▪▬♀fiⱢ꞉כ
ï 1955    ─
ï 1956 ⁸ ⅜
ï 1963 ⅜ ⌐
ï 1966 ⅜
ï 1970 1 ⁸ 1 ⅜
ï 1971 1 ⅜

ü 1970 │ ─

ï ╩ ╡ ⅎ╢↓≤⅜≢⅝√ ⅎ№╣┌ ™⌂⇔

ï1960

ï1970 ⁸ ⁸ ⌂≥20

ï ⁸1980 16 ⁸1990 15 ⁸2000 6 ⅜

ï2010 ╕≢⌐57 ⅜ ⁸◄Ⱡꜟ◑כ─ ⌐
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≢⅝╢ ⌐ ↑≡

100

ה ה ה

≢ ⁸

─ ─ ≤

─ Ҟ
Ӓ ─꜠ⱬꜟ×

⌐ ↑√ ╡ ╖
⁸ ⁸ ⁸
─№╢ ⌐

─
2050 ⅜Ⱨכ◒

│Ⱨכ◒╩ ⅞√

◄Ⱡꜟ◑כ
Ⱨכ◒╩ ⅞√

◄Ⱡꜟ◑כ №╢
◄Ⱡꜟ◑כ
⌐ ∆╢Ᵽ♇◒▪♇ⱪ⅜

ה

ה

─

⌂
┼

0

50,000

100,000

150,000

2010 2015 2020 2030 2040 2050 2060

75⅞ӟ

70˙74⅞

65˙69⅞

60˙64⅞

15˙59⅞

0˙14⅞

χ ῢ



№≤⅜⅝

ü ◄Ⱡꜟ◑כ─ ⌐│ ⅜≤╙⌂℮⁹
─ ™ ─ ╩ ∆╢ ⅜№╢⁹

ü │ ⁸ ⅜ ╖⁸◄Ⱡꜟ◑כ │ ∆╢⁹
╙ ─ ⌐№╢⁹ ⌐ │ ꜝ♇◦ꜙ⁹

ü ⅜ ≢│ ⁸ ─ ≢ 3 ─
≤⁸ ◄Ⱡ ─ ≢ ╩ ⇔≡™╢⁹

ü ⱨꜝfi☻ ─╟℮⌐₈▪ꜝⱩ─ ⌐ ╠∏⁸ ─ ╩
⇔√™₉≤™ⅎ⌂™╙─∞╤℮⅛
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Ɫ ⌠ χὊӳ
Å Ɫ ψϵКиϻ˔ τ ᾠβϥᵓχЎ˔ЭEΥ⌠ ΰθˮ ᾖ ├ψ
⁯ᴪϬ ϖΰ⁯ Ϭ `τβϥ˯Ϭ 1 ρΰʺᶘ ρЄИϯχ ᵓḅⱧ
Υᶘ ʺễԌᾆ ᵓσϣότԁ ◕ ΰΪτ ΰθϜχπβʻ
ï 2 2018 11ὮʺSNWᶘ ρЄИϯχ ḅⱧᵓ

ï 3 2019 11ὮʺⱢ ρΰο™

ï ⱪכꜟ◓ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸
⁸

ï ○ꜞ☺♫ꜟ ₈ │ ╩ ╓⇔ ╩ ⌐∆╢₉⁸ ◄Ⱡꜟ◑כ ⌐
∆╢ ⱶE⁸כ♅ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

Å 2019 ʺϵКиϻ˔ 2019 ʺⱢᾛϵКиϻ˔ HPἿ∏ІЧЄϯи
ЀрГрБʺᾖ◓ ᴟ∞ HPἿ∏ ›ОрТйАЕWEB σςτϢϤⱢ
Ϭᵠ ʺ ΰϘΰθʻ
ï 4 ӛ 2019 10Ὦ4 ʺ

Å ᵓπψ Ṩ ʺ ΰο βϥάρΥπΦϘβʻ
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