
ṇ ṇ

ḱ ṇ

ỄỂỄỄ ệ ểễ

ể



ể Ḱ

Ễ Ḱ
ể Ḱ GX
Ễ Ḱ
ễ Ḱ
Ệ ḰGX



¸ 2020 10 2050 2021 4 2030
46Ṿ 50Ṿ

¸

¸

¸ 2

¸

SṧễE

¸

3



2050

¸ 2020 10 2050 CN
6

2050 ṕ10 26 Ṗ

2021

2022

2030 46% ṕ4 22 Ṗ

V ṕ6 18 Ṗ
ü

V 6 ṕ10 22 Ṗ
ü 2030 46Ṿ 2050 CN

ṕ Ṗ

V ṕ12 25 Ṗ
ü 2050 CN ṕ14 Ṗ

ṧ

NDC ṕ10 22 Ṗ

V ṕ10 22 Ṗ
ü 2030

V ṕ10 22 Ṗ
ü 2050 CN

4



¸ 2050 2030 46Ṿ

2030 2050

46%

Å 14
Å

Å

Å 2050 CN

Å

Å

Å 10

Å 2030
Å 2030

Å

Å

 

5



ṕ Ṗ

1

ü

2

ḱ

1
GX

ü

ü GX
ü CCS

2 ü

3
ü

4
GX ü GX

P2Ṍ6

P3Ṍ46

P47Ṍ98

P99Ṍ117

P118Ṍ161

¸ 1

¸ 2
ṕGXṖ

GX

6



ể Ḱ

Ễ Ḱ
ể Ḱ GX
Ễ Ḱ
ễ Ḱ
Ệ ḰGX



ḲWorld Energy Balances 2020 ṕ Ṗ BP EIA Oil Information Cedigaz Coal Information ṕ Ṗ

ṕ2020 Ṗ

ṕ Ṗ 2020
ẑ 2021

11%
( :0%  :3%  0%)

4%
( 5 )

9%
( 5 )

11%
( 3 )

106%
( :103%  :110%  :115% Ṗ

ể% 0% 0%

179%
( :276%  :13%  :232%)

0% 0% 0%

75%
( :101%  :53%  :20%)

11%
( 3 )

5%
( 4 )

36%
( 1 )

55%
( :1%  :0%  :5%)

0% 27%
( 2 )

29%
( 2 )

35%
( :3%  :5%  :54%)

34%
( ể )

43%
( ể )

48%
( ể )

25%
( :13%  :6%  :0%)

11%
( 4 )

31%
( ể )

56%
( ể )

G7

¸ G7
¸

8



¸3 11
Ṅ

¸3 24
Ṅ
Ṅ

¸4 7
Ṅ Ṅ

Ṅ Ṅ

Ṅ Ṅ
Ṅ

Ṅ

¸5 8
Ṅ

Ṅ
Ṅ Ṅ

¸ G7
¸

G7 ṕ Ṗ

G7 ṕ Ṗ

9



1.

3/ 16

- JERA 335 kW ṕ 110 kW 225 kWṖ

- ṕ500 kWẓ250 kWṖ

3/ 17

- 134 kW

2.

- 4,840 kW ẑ 3 4,712 kW

3. ṕ1 2 Ṗ

- ṕ5,374 kWṖ 1 6 511 kW

- 175 kWṕ 1 Ṗ

¸ 3 22
3 21 ṕ

22 Ṗ
¸

10



¸

¸

ṕEU-ETSṖ ṕCBAMṖ

¸ ṧ

¸ 2030
46Ṿ 2050 ṕ

Ṗ

¸ EU

EU

ṕ4 8
Ṗ

11



ể Ḱ

Ễ Ḱ
ể Ḱ GX
Ễ Ḱ
ễ Ḱ
Ệ ḰGX



ṕ Ṗ

ü LNG

ü

ü JOGMEC
ü

ü

ü kW kWh
ü

ü

2023

ü

ü

ü

ü

 

ü

ü SS LP
ü

13



ṕ Ṗ

ḱ

ü

Ṋ
ü

ü

ü

ü

ü

ü

ü ṕ
Ṗ

ü

ü Ễ

ü 2030

ü

ü 2035 100Ṿ

14



ṕ Ṗ

ü

ü 2025 ṕ Ṗ
2030

DR

ü

ü Ṅ DR

ü

ü Sṧ3E 2050 2030

ü

ṕ Ṗ
ü

ü

ü

ü

ü

15



ṕ Ṗ

C

C

U

S

CCS
ü 2030

V CCS ṕ Ḳ CO2  Ṗ
V ṕ ḲCAPEX OPEX Ṗ

ü

ü CO2

ü

ü Ṅ

ü

ḱ

ü

ü

ü

16



¸ LNG
ṕ LNG Ṗ

¸

2022 2025 2030

V OPEC

V IEA

ṕ Ṗ
V JOGMEC

V

V

V

V

LNG ṕ Ṗ
V JOGMEC LNG

LNG
V LNG

LNG
V LNG

V

OPEC

IEA G7 G20

JOGMEC ṕẑṖ

FS

JOGMEC LNG ṕẑṖ

LNG

LNG

ẑ 2030 50% 17



¸ IEA

¸

Ṯ IEA ṯ

ü 1991 Ḳ1,505 ṕ 10 ,750 Ṗ

ü 2005   Ḳ   732 ṕ 6,000 Ṗ

ü 2011   Ḳ  750 ṕ 6,000 Ṗ

ü 2022  Ḳ2,250 ṕ 18 ,000 Ṗ
ẑ3/ 1 4/ 1

18



¸  SS LP

¸

SS /

¸

¸ LP

SS
¸

ṕ Ṗ

¸ 2025
CO2 ṕ

2030 1Ṿ Ṗ

¸

ṕ Ṗ

¸ CO2
ṕ

Ṗ 

ṕ Ṗ

¸

19



Å

JOGMEC

Å IEA JOGMEC

ḲIEA The Role of Critical Minerals in Clean Energy Transitions

ṕ Ṗ

¸

ṕ Ḳ4 Ṗ
¸ ṕ

Ṗ
¸ JOGMEC

ṕ Ṗ

20



¸

¸  

¸2018 ṕSIPṖ

V

V

¸2013 2015 JOGMEC

¸

V

V

¸

¸

ṕ Ḳ Ḳ Ṗ

¸2027

ṕ Ḳ Ḳ Ṗ

ḲJAMSTEC HP 21



ṕ Ṗ

¸

¸ 2022 3Ṿ
kW

¸
ẑ

ṕ Ṗ

ẑ

ṕ Ṗ

¸

kWh

Ṯ ṯ
Å Ị

Ṯ ṯ
Å 120 kW

Ṯ ṯ
Å Ị DR

Ṯ ṯ
ệ  
Ỉ  
ỉ ể  

0

400

800

1,200

1,600

2,000

2016 2017 2018 2019 2020

[ kW]

ẑ
ẑ ṕ Ṗ
ẑ

kW ṕ2022 Ṗ

22



¸ 4

2020 ṕ2024 Ṗ
¸

2023

ṕ Ṗ

23



DR

ṕ ¿Ṗ DR
ṕ2022 Ḳ230 ỰWṖ ṕ ¿Ṗ

ṕDRṖ

¿ DR
DR

2024
DR 3

ṕ Ḳ2026 Ṗ
ṕỆṾẓệṾṖ

V Ṍ2023

V Ṍ2024

¸ 3 22

¸

ṕDRṖ

24



¸

¸ 10Ṿ

ẑ

¸ ṕ
Ṗ

Ẍ
V

V

Ḳ

ẌIoT Ẍ

25



ṕ2021 4 1 Ṗ

ṕ Ṗ

ṕ2,000 Ṗ

ṕ300
2,000 Ṗ

ṕ300 Ṗ ṧ ṧ

ṕ Ṗ

2025

2025 2025

¸ 2050

V 2025
V 2030 ZEH ZEB

2030

26



¸

¸

ṕ Ṗ

¸

Å

200ṹ ṕ Ṗ Å

100Ṍ1500ṹ

Å ṧ 2030

Å

Ṋ
Ṍ2030

Å ẓ Ṋ Ṍ2030

2000ṹ
Å ṕ ṖṊ

2030

27



¸ 2035 100 Ṿ

 

¸ 2030 NDC46%
ṕ2030 100GWhṖ

¸ 2030
3 12

1,000

¸

¸ EV PHEV FCV

¸

ṕFCVṖṕEVṖ
ṕPHEVṖ

EV

28



2022 ệ Ỉ

138

137

116

121

82

(2021.9.15)

83

56

HD

ḱ

HD

HD

HD

138

139

1107878787846

17

54

110 110 110 110 110

34 50

56

46

110

(2016.4.20)

(2014.6.10)

(2017.12.27)

(2014.2.14)

110

PWR BWR ABWR

( kW)

 

57

118 118

57

(2015.8.11) (2015.10.15)

110110110110

136 136

83 83

83

118 118

87 87

118 118

89 89
89

58

1

58 91

(2013.7.8)

83

(2020.2.26)

54

(2014.8.12)

36

(2015.11.5)

114

(2015.6.16)

11084

(2021.6.23)

(2018.5.9)(2018.3.14)

(2016.2.26)(2016.1.29)

(2018.6.16)(2018.3.23)

(2016.8.12)

(2014.12.16)

ṇ Ệ ṇ ỈṌỊ
ṕ ễ ḭ ể ḭ ểṌỄ ḭ ễṌỆ Ṗ

(2018.8.10)

110

(2018.9.26)

52

ṇ Ỉ
ṕּל  4 Ṗ

10 24
( )

10
( )

9
 ệ  ḭ  ệ

+

3 4
( )( )

29



Ẇ

¸

2030 12

¸

4 MOX

Ṭ

MOX

MOX

10

ṕ Ṗ

1.9 /2.4

Ṭ 79 %

Ẇ

¸

2030 3

¸

¸ MOX

Ẇ MOX

¸

Ḳ2022

ỘỚợḲ2024

ṕ2020.  7 Ṗ

ṕ2020.12 Ṗ

ṕ2 Ṗ

ṕ2020.  9 Ṗ
ṕ2020.11 RFS Ṗ
ṕ2021.  4 Ṗ
ṕ2021.  5 Ṗ

Ẇ

¸

¸

ṕ Ṗ

ṕ2020.12 Ṗ
ṕ2022.  2 Ṗ

ṕ2018.  7
Ṗ

¸ 2020

¸ MOX

30



17

ỉ

ṕ Ṗ ṕ Ṗ

︡

ךּ

שּ

︢

ṕ Ṗ

︡

ךּ

שּ

︡

ךּ

שּ

20

Ễ Ệ 14

20
ṕ 10 Ṗ

70
ṕ 20 Ṗ

ṕ Ṗ

Å ṕ︣ Ṗלּ

2020 /8/13 Ḳ

 11/17 Ḳ

2021/4/14 Ḳṡ Ṣ בֿ
ẑ Ệ ị

10/26 Ḳ

Å ṕּפ נּ ךּ Ṗ

2020 /9/11   Ḳ ḭ   
11/17 Ḳ

2021/4/15  Ḳṡ Ṣ בֿ
ẑ Ệ ỉ

2022/2/27  Ḳ

 

¸ 2020 11
NUMO

¸ 2021 Ệ

¸

31



JAEA AtheNa

TerraPower

ἲ

R&D

SMR

NuScale BWRXԃ300

ṕIHI GE Ṗ

ἲ (2020 ṌṖ

ṡ Ṣ

V

V

ṡ Ṣ

V IHI
V

JAEA HTTR

ἲ
V

V

ṡ Ṣṡ Ṣ

ṡ Ṣ

Ḳ

¸

¸

¸

32



V

 ẑ PPA FIP UDA

ṕUDA Ṗ

¸ ṕRE100 SDGỸ Ṗ
ṕFIT Ṗ

¸ ṕ Ṗ
UDA ṕUser -Driven 

Alliance Ṗ
¸ ễ Ệ

UDA

UDA

33



FIT ṕ Ṗ

V

 2022
ṕ10kW Ṗ17 /kWh ṕ 10 Ṗ

ṕ10-50kWṖ11 /kWh ṕ Ṗ

ṕ50kW Ṗ10 /kWh or 
ṕ Ṗ

V

Ḳ0.7Ṿ Ḳ13

Ḳ5,000
ẑ

ẑ Ḳ3,000

PPA ṕ Ṗ

V

 Ḳ 4Ṍ5 /kW

ṕ Ṗ

V

10

FIT ṕ Ṗ

V FIT
V ṕ10-20kWṖ

30%

ZEH ṕ Ṗ

V ễ ZEH
ṕ ễ 30

Ệ 390.9 Ṗ

¸

¸ FIT
ZEH

34



35

ṕ Ṗ

ḱ

ḱ

ḱ ḱ

ṕ Ṗ

ḱ

ṕ ḱ Ṗ

ḱ ḱ

טּ

︣ךּ

פּ
/ 30

ṥ Ṧ
ẇ
ẇ
ẇ ךּ
ẑ 2021 ︡
ẑ ךּ ḭ

שּ
ḭ

Ṯ ṕ2021 9 13 Ṗṯ

kW

1.7

47.88

ṕ Ṗ 81.9

39.06

36

30

ṕ Ṗ 60

ṕ Ṗ 30

21

45

35,70

41

ṕ Ṗ

¸ 2021 9
Ṍ 4

¸ 2020 12 2021 6
Ṍ 2021 12 24

2021 12 10

35



JOGMEC

¸ JOGMEC
¸

 JOGMEC
ṕ Ṗ

Å2021 2022 2030
ṕ2021 2022 30 Ṗ ṕ2021

14 Ṗ

ṕ Ṗ

ṕ Ṗṕ Ṗ

V V

36



¸

Å ṕ Ṗ Å Å

Å ṕ Ṗ
Å ṕ Ṗ
Å

Å

ṕ Ḳ 1,195 Ṗ

ṕ Ḳ 498 Ṗ

ü 2030 12 28 6

ü 1 21 14

  (ẑEnhanced Geothermal Systems)

ÅJOGMEC Å Å Å

ü

37



50kW

( )

( ID, ,
, )

2,000kW

50kWṌ
2,000kW

10kW Ṍ
50kW

10kW 10kW

¸

¸

¸

¸ FIT
¸

ṕ Ṗ

38



¸

2022
¸ CO2

39



ṕ
Ṗ

ERAB(VPP )

ṕDSR: Demand Side Resources Ṗ

DR(ẑ )

DR DR

VPP

DR DR

DR DR
ṕ Ṗ

ṕDERḲDistributed Energy ResourcesṖṬDSR+

( )

( )

( )

1 1 Ṅ

ERAB(VPP )

ṕDSR: Demand Side Resources Ṗ

DR(ẑ )

DR DR

VPP

DR DR

DR DR
ṕ Ṗ

ṕDERḲDistributed Energy ResourcesṖṬDSR+

ERAB(VPP )

ṕDSR: Demand Side Resources Ṗ

DR(ẑ )

DR DR

VPP

DR DR

DR DR
ṕ Ṗ

ṕDERḲDistributed Energy ResourcesṖṬDSR+

ERAB(VPP )

ṕDSR: Demand Side Resources Ṗ

DR(ẑ )

DR DR

VPP

DR DR

DR DR
ṕ Ṗ

ṕDERḲDistributed Energy ResourcesṖṬDSR+

¸ Ṅ

¸

40



¸

¸

Ṅ

41



¸

¸

2022 ễ 29 1

42



Ḳ

MCH

120MJ/kg
(8.50MJ/L)

7.33MJ/kg
(5.5MJ/L)

18.6MJ/kg
ṕ12.7 MJ/L Ṗ

ṕ
Ṗ

43.4MJ/kg
ṕ39.0MJ/L Ṗ

ỆṌệ ỉ ễ

LPG
50.0MJ/kg
ṕ25.5MJ/L Ṗ

ễ ỆṌệ Ễ

LNG
49.1MJ/kg
ṕ22.59 
MJ/LṖ

ỄṌễ Ệ Ễ

-253ṹ -33ṹ

: LP HP

LNG ṕ Ṗ

¸ LNG

¸

¸

43



¸

CO2

¸

 ¬
¬

Ṋ
¸

44



0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

20,000

22,000

24,000

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

tCO2

2030
CCS

2030 CCS
2023 FS
2026

Ṯ CCS ṯ

1.2 ỹ/ Ḳ240
2.4 ỹ/ Ḳ480
ẑ 1 Ḳ50 t/
ẑ Ḳ 50 / 80 /

2023Ṍ26
FS

2026 2030
CCS

2027Ṍ30

2.4

1.2

ṕ Ṗ

ẑ 2050 2030
CCS

CCUS

¸ IEA CCS 2050 1.2Ṍ
2.4 t 2030 CCS 2050 20 12 Ṍ24

¸ 2030 CCS 2023 FS
2026

2050 CCS

45



¸ CO2 CO2
Ṅ ṕ

IPCC Ṗ

¸

CCU

¸ CO2
CO2

¸ 6 2
JCM

¸

GHG ṕ Ṗ

ṕ Ṗ
¸ 1

ṕ Ṗ

¸ CO2
4 ṕ Ṗ
ṕ CO2

Ṗ

CCUSCO2

CO2 ṕ Ṗ

¸ CO2

¸

CO2

46



ể Ḱ

Ễ Ḱ
ể Ḱ GX
Ễ Ḱ
ễ Ḱ
Ệ ḰGX



¸ Ṅ
¸

*

GFANZ
2050 CN

ṕNZBA

Ṗ

PRI

ESG

NZBA
2050 CN

RE100
100Ṿ

356

66
ṕ2022 3 17
Ṗ

SDGs

ṕ Ṗ 48



0%

5%

10%

¸

ṕ Ṗ

0%

2%

4%

6%

8%

2015 2016 2017 2018 2019 ṕ Ṗ

ṕ Ṗ

ú

ṕROA Ṗ

60%

70%

80%

ṕ Ṗ TOPIX500:395 S&P500:352

ṕ Ṗ

Ḳ United States Census Bureau Quarterly Financial Report National Science Foundation Business Research 
and Development and Innovation Yahoo! S&P Capital IQ BCG

260 

337 

144 

258 

178 

168 

0

100

200

300

400

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

2
0

2
1

2
0

2
260

70

80

90

100

110

120

130

140

2011 2012 2013 2014 2015 2016 2017

60

80

100

120

140

2011 2012 2013 2014 2015 2016 2017

ė

ė 2016 Ṍ2020 *

* 2016 Ṍ2020
2016

PBR PER EV/EBITDA

ṕ Ṗ

ṕ Ṗ

1%
3%1%

6%

1%

6%

0%

5%

10%

15%

ṕTOIPIXṖ ṕS&P500Ṗ

3%

15%

ṕ Ṗ2011

49

ṕ Ṗ



¸

¸

GHG

. 2030
38%
51%

-

ú

- Ṅ

-

-

- 2050

-

-

50



¸ Ṅ

-

ṕDynamic Capability Ṗ

-

ṕDynamic Creativity Ṗ

-
Ṅ

-

-

-

-

-

- IoT
AI

-

-

-

-

-

ú ú

ú ú

New

51

-

-



-

¸

ṕ Ṗ
¸

ṕ Ṗ

ṕDynamic Creativity Ṗ

-

-

ṕDynamic Capability Ṗ

-

-
ṕ Ṗ

-

-

ṕDX Ṗ

52



ú

KPI

¸ Ễ

V

GHG

V

ROA

KGI

KPI

KPI

KPI

KPI

KPI

KPI

ṕ Ṗ ṕ Ṗ

ẑ

-
-

-

-
- GHG

-
-

-
-

-
- GHG

53



Ḳ UN Comtrade

¸ ṕ
Ṗ

17%

8%

5%

5%

5%

60%

6,700

11%

9%

8%

7%

7%

57%

ṕ Ṗ
1.7

13%

12%

9%

5%

4%

56% 1,700

13%

11%

5%

5%

5%

61%

110

ṕ Ṗ

Ḳ84Ṿ

* * 

Ḳ7Ṿ

ṕ Ṗ

ṕ Ṗ
Ḳ92Ṿ

Ḳ2%

2020 2020

ṕ Ṗ

Ḳ88Ṿ

Ḳ0.04 Ṿ

2020

ṕ Ṗ

Ḳ67Ṿ

Ḳ2Ṿ

2020

* UN Comtrade
54



ể Ḱ

Ễ Ḱ
ể Ḱ GX
ể ḰGX
Ễ Ḱ
Ễ Ḱ
ễ Ḱ
Ệ ḰGX



2050 GX

¸ 2050 ṕ
Ṗ

¸

ṕ / Ṗ

ṕ Ṗ

ṕ Ṗ

ṕ Ṗ

ṕ Ṗ

CCS NETsṕDAC Ṗ

ṕ Ṗ

ṕ Ṗ

ṕ Ṗ

ṕ Ṗ

+

+

CO2

CO2

CR

ṕ Ṗ

ṕ / Ṗ

SAF

LPG

NETsṕ ṖCO2

56



ể Ḱ

Ễ Ḱ
ể Ḱ GX
ể ḰGX
Ễ Ḱ
Ễ Ḱ
ễ Ḱ
Ệ ḰGX



Ṯ ṯ
¸

ï Ễ
1 CO2

ï 2050
7.6

¸

ï

ï ADNOC
GS Energy 2021 11

ï

¸

ï 20 /Nm3 -H2 
ễ

GX ṕ Ṗ

¸

¸ ễ

/Nm3 -H2

0

200

400

600

2020 2030 2050

/

( )

ẑIEANZE

0

5

10

15

20

25

LNG  Ḳ
Å 25  ể
Å Ḳ ṕ Ṗ ṕ55 /m3 Ṗ LNGṕ60,420 /ton Ṗ ṕ132.8 /ton Ṗ 58



Ṯ ṯ

¸

ï

¸

ï

ï 2030 10
/Nm3 -H2

ï

¸

ï 2030
300 2050 3000

ï 20Ṿ

ï

ṕ Ṗ

Å Å Å

2030 2050

108
ṕ Ṗ

300 3000

ṕNm3 -H2 Ṗ
20 10

ẑ

ḲNEDO

H
+

H2O N2

-+

O2 NH3

ẑ ẑ

GX ṕ Ṗ

¸

¸

59



Å Ṅ
Å

ẇ

ṕ2030 Ṗ Ḳể0 /Nm3 : 300 / ṕ2050 Ṗ Ḳ3000 /

2022 2023 2024 2025 2026 2027 2028 2029 2030 2050

Ḳ Ễ ṕ Ṍ Ṗ 300
. Ṍ ṕ Ḳ300 / Ṗ

ü Ḳ6,400 :750 / :20
ἲ Ḳ2 1,400

ü Ḳ10 ṊNmễṕ 3 Ṗ
. Ḳ300
. Ḳ300

/

ṕ Ṗ
20%

20%

ṕẑ Ṗ
ṕ Ṗ

ẑ

60



Ḳ
Å 25  ể
Å Ḳ ṕ Ṗ ṕ55 /m3 Ṗ LNGṕ60,420 / Ṗ ṕ200 / Ṗ

Ṯ ṯ
¸

ï 9,000 Ṋ

ï 2050
ệ Ṋ

¸

ï

ï

ï

¸

ï 100 /Nm3 -H2
12

GX ṕ Ṗ

/Nm3 -H2

0

20

40

60

80

100

120

ST

LNG
ẑ

0

200

400

600

2020 2030 2050

/

( )

¸

¸ 12

ẑIEANZE

61



GX ṕ Ṗ

ṕ ṖṮ ṯ

¸

ï

¸

ï

ï

ï 2030 30 /Nm3 2050 20 /Nm3

¸

ï 2030 300
2050 2,000

ï

ï

ï

2030 2050

200
ṕ Ṗ

300
2000

ṕNm3 Ṗ
100 30 20 

FCV FC

¸

¸

62



Å Ṅ
Å

ẇ

ṕ2030 Ṗ Ḳ30 /Nm3 Ḳ 300 ṕ2050 Ṗ Ḳ20 /Nm3 Ḳ2000

Ḳ Ễ ṕ Ṍ Ṗ 100
. Ṍ ṕ Ḳ22.5 Ṗ

ü Ḳ9,000 :450 / :30
ἲ Ḳ2 2,500

ü Ḳ22.5 Ṋ
. ṕMCHṖ ṕ Ḳ 30 Ṗ
. ṕ Ḳ 7 Ṗ

Ḳ 50

ṕ Ṗ

ṕ DR Ṗ

ṕ Ṗ

/

2022 2023 2024 2025 2026 2027 2028 2029 2030 2050

ṕ Ṗ
ṕ Ṗ

63



Ṯ ṯ
¸

ï

2020
ï 2019

2020

ï 2040 562GW 120
ṕIEAṖ

¸

ï

ï GE

ï

GX ṕ Ṗ

¸

ẑ GW

ẑ
64



Ṯ ṯ
¸

ï

ï

2030 10GW 2040
30-45GW

ï

¸

ï ṕ Ṗ

ï

GX ṕ Ṗ

ểḲ

Ḳ

ṕ
Ṗ

ṕ
Ṗ

AI

ỄḲ

Ḳ

¸

¸

2023

65



Ṯ ṯ
¸

ï EV
2050

ï ṕLiBṖ

LiB

¸

ï

ï

¸

ï

ḲIRENA Global Renewables Outlook 2020  ṕPlanned Energy Scenario Ṗ

ṕ Ṗ

Ḳ 2016 2021 2017 2020

¸

GX ṕ Ṗ

66



V

V LiB 2

V ṕ LiB 1/3 Ṗ

V ṕ Ṗ

V

Ṯ ṯ
¸

ï

LiB
ï JOGMEC

ï

2030
600GWh

ï 2030
2030

¸

ï 2030
150GWh

ï

ï

GX ṕ Ṗ

¸ 2030
¸

67



Ẇ 150GWh

Ẇ 600GWh

Ẇ
2030

1st target 2030 150GWh
2nd target 2030 600GWhṕ 20%Ṗ
3 rd  target 2030 2030

ẇ

ṕR3 1,000 Ṗ

DX GX

ṕJOGMEC Ṗ

ṕ Ṗ

Ḳ 3 2030 150GWh
130GWh ṕ150 Ṩ20ṕ ṖṖú 240 ṕ1 GWh ṖṬ 3

2022 2023 2024 2025 2026 2027 2028 2029 2030 2050

68



Ṯ ṯ
¸

ï 90Ṿ

ï

¸

ï 2050
400GW

ï 2050
40

ï ṕ
Ṗ

ï

ï

GX ṕ Ṗ

¸

¸ 2030

Ḳ

393GW

470GW

792GW

ḲGW=1 00 kW

2020 2030 2050

ḲNEI

ṕ Ṗ

ṕ Ṗ

40

10

ṕ Ṗ

ḲIAEA

69



Ṯ ṯ
¸

ï

ITER

¸

ï JAEA

ï

¸

ï

GX ṕ Ṗ

V ( )  ṕ
Ṗ 2022

V

V ABWR BWR

V

JAEA AtheNa TerraPower

ἲἲ
R&D

SMR

NuScale BWRXԃ300
ṕIHI GE Ṗ

ἲ (2020 ṌṖ

JAEA HTTR

ἲ

¸

70



GX ṕCO2 Ṗ

Ṯ ṯ
¸

ï 2030 Ỉ
2050 10

4,000
ï

¸

ï

CO2

ï 2008
DOE

CCUS Ễ
1,500 CCUS

ï

¸ 2050 2030 40 2050 76 CO2

2050 CO2

¸ CO2

40 /
CO2

76 /
CO2

2025 2030 2035 2040 20502020

t -CO2/year

350

300

250

200

150

100

50

0

CO2

Ḳhttps://www.iea.org/reports/net -zero -by -2050

0

2

4

6

8

10

12

2020 2030 2040 2050

ṕ
Ṗ

/

ḯṕ ú ETP2017 B2DS ) . ḯ
ḯ ETP2017(Energy Technology Perspectives 2017)

B2DS(Beyond 2ÛC scenario) BOUNDARY DAMḯ PETRA NOVAḯ SHAND
Global CCS Institute GLOBAL STATUS OF CCS TARGETING CLIMATE CHANGE 2019

NEDO TSC

CO2  

71



GX ṕCO2 Ṗ

Ṯ ṯ
¸

ï CO2

ẑ Ḳ2030 2,000 /t -CO2

 6,000

¸

ï

ï CO2

CO2

CO2

CO2

ï CO2

 
ï CO2

¸ ṕ10Ṿ Ṗ CO2

6,000 /t -CO2 2030 2,000 /t -CO2

CO2

/ /

,CO2

, , O&M

CO2

CO2

DAC

/ / ṕ Ṗ

ḲRITE CO2 ( )  (2020 Ṗ( )  (2019) ( )

/
/

ṕ
Ṗ

Å

Å

Å

Å

Å CO2

Å

72



GX ṕ Ṗ

Ṯ ṯ
¸

ï 2020 24
ṕ Ṗ132 98

2018 40 22
0.4

ï 2050
12Ṍ23Ṿ ṕ2014

Ṗ

¸

ï COŇ

ï DOE/ARPA-E

CCUS

ï

CCUS

¸ COŇ
COŇ

COŇ

ṕ Ṗ

ṕ Ṗ

ẑể IEA ṕTechnology Roadmap  Low -Carbon Transition in the 
Cement Industry Ṗ ṕ Ṗ

ṕ Ṗ
ẑỄ 2030 2050 2019

ṕ Ṗ ṕ
Ṗ 73



GX ṕ Ṗ

Ṯ ṯ
¸

² COŇ

COŇ

²
COŇ COŇ

COŇ

¸

²

² LCA

ï

¸ COŇ

COŇ ṕGI Ṗ

COŇ ṕGI Ṗ

74



ṕ Ṗ
ṕSAFṖ

GX ṕ ṕSAFṖṖ

¸ ICAO COŇ
ṕSAFṖ ṕ2050 5.5 kLṖ SAF

CO2

ẑ1 CORSIA ṕ2021 5 28 CO2 ṕ 2 Ṗ Ṗ
ẑ2ẑ4 2021 10 8 ṕ Ṗ ṕ Ṗ SAFṕ Ṗ
ẑ3ẑ5 ATAG Waypoint  2050Ḳ ATAGṕAir Transport Action Group Ṗ

Ṯ ṯ
¸ Ṋ

ï SAF 2030 560 kLẑ1

2050 2,300 kLẑ2

2050 5.5 kLẑ3

22 ẑ4

ï 2020 SAF
6.3 kLẑ5ṕ 0.03% Ṗ

ï 200 Ṍ1,600 /L
ṕ Ḳ100 /LṖ

ï SAF

NESTEṕ Ṗ SAF

Ṯ ṯ
¸

ï SAF

ṕ Ṗ

75



Ṯ ṯ
¸

ï 2030

ṕATJ Ṗ
NEDO

SAF
ï

¸

ï SAF

SAF
Ệ

ï NEDO
ASTM

SAF CO2

ASTM

ATJ ṕAlcohol to Jet Ṗ ṕGI Ṗ

SAF

GX ṕ ṕSAFṖṖ

¸ SAF

SAF

SAF

ṕ SAF Ṗ

Å  ḲANA JAL

Å  ḲENEOS

ÅSAF Ḳ HD

Å    Ḳ  

NEDO

76



GX ṕ Ṗ

Ṯ ṯ
¸

ï 4 m3/ (2019 ) LNG
LNG 1/3 1/3

363 m3/ (2020 )

ï CO2 ( )

LNG

ï ṕ Ṗ

IEA Net  Zero  by2050
35% Low -carbon gas 3

ï 2030 1Ṿ 2050 90Ṿ

¸

ï 2050

ï

FS

¸ CO2 CN
LNG

¸ CO2

ḲIEA World Energy 
Outlook 2020 Stated 
Policies Scenario

ṕ ḲbcmṖ

Low -carbon gas

ḲIEA Net Zero by 2050 77



GX ṕ Ṗ

Ṯ ṯ
¸

ï

400Nm3/h
2025 2030 Ṍ1
Nm3/h

ṕGI Ṗ

ï CO2
ṕGI Ṗ

¸

ï

ï LNG

ï

CO2

¸

¸ CO2

COŇ

ḲNEDO ṕCO2 Ṗ

78



Ṯ ṯ
¸

ï

CO2

ï

ï LP 1,400 Ṋ

¸

ï

ï LPG

GX ṕ LPGṖ

¸

LP
¸

0

500

1,000

1,500

2,000

05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

ṕ Ṗ

ṕ Ṗ

LP

1000

10000

5000 1000010

ṕWh/kgṖ

4000300020001000 6000 7000 8000 90000

ṕWh/LṖ

11000

֖֪ԅԈԜ֪ӻԃԑ֪֥ԉ֪Ԑ
ṕ20MớaṖ

ṕ70MPaṖ

ṕ2wt%Ṗ

ԇԓ֕ԃ֥

100

֒ԂԌ֥

֤ԚԆ֝ԅԈ֩

79



Ṯ ṯ
¸

ï CO2 FT

2040
2030 300B/

ṕ Ṗ 80%
ï LP ṕ LPGṖ

2030 50Ṿ

¸

ï LPG
CO2

ï LP

LP

ï

LPG

GX ṕ LPGṖ

¸ LPG

CO2

H2

DAC

80



GX ṕ Ṗ

Ṯ ṯ
¸

ï 600 t

ï

60Ṿ 70 Ṅ

ï SC

¸

ï

ṕ2017 2023 170 t 219 t
ṕ+4.3% Ṗ Ṗ

ï

ï CCUS
Ṅ

¸ 2050 (ẑ)
ṧ3Ṿ (ẑ)IEA Net Zero by 2050

¸ CN
ṕ Ṗ CO2 ṕ Ṗ

ṕ Ṗ

2017

5.9

2030

4.7

0

50

100

150

200

250

2017 2030

ṕ tṖ

151

222

81



GX ṕ Ṗ

Ṯ ṯ
¸ ṕCR Ṗ

²
CN ( ) COŇ

( )   

²2030
CN

² ṕ Ṗ

¸

²CR

² ṕ ṖCOŇ
CN

²

¸ 2050 CN 2030 ṕCR Ṗ
CN

¸ CR

CR

82



GX ṕ Ṗ

Ṯ ṯ
¸

ï ḭ ḭ ḭ

ï

ï COỄ
צּ ךּ Ḯ

ï ︡ ףּ ḭ

¸

ï 2020
Ḯ ︡

ï ḭ
︣ ḭ

צּ Ḯ
ḱ ︡ ףּ ḭ

Ḯ

¸ ḭ 10Ṍ20 200 Ṍ400 ךּ Ḯ
¸ שּ ḭ

טּצּ Ḯ
¸ COỄ ︣ ךּ︡ שּ ḭ COỄ

טּצּ ḭצּ Ḯ

ṕ2030 Ṍ2040 Ṗ

0

100

200

300

400
ṕ Ṗ

ẓ ẓ

CO2

83

1.90 1.90 
3.10 

-2.53 -3
-2
-1
0
1
2
3
4

C
O 2

(k
g

C
O

2
/k

g
)

P
E

T

(
)



GX ṕ Ṗ

Ṯ ṯ
¸

²

²

¸

²
ṕ Ṗ

¸ ỌỔ

ṕ Ṗ

ṕ Ṗ

ṕ Ṗ

84



ṕ Ṗ

GX ṕ Ṗ

¸

Ṯ ṯ
¸

ï

ï 2050

ï

ï ệ CO2

ï

¸

ï

Ḳ2021  GFSEC Ministerial Report

8.5

ṕ Ṗ

Ḳ

18.8
53Ṿ

15Ṿ

2000

2020

85



GX ṕ Ṗ

¸

Ḳ  

Ṯ ṯ
¸

ï CN

¸

ï

CCUS

ï

ï

86



GX ṕ Ṗ

¸ CASE CN

¸ CN ú

Ṯ ṯ
¸

ï Ễ
550

ï CASE CN ¬
º

(= )

¸

ï ṕ Ṗ

ï MaaS

ẑ CASEṕ )Ḳ
Connected Ḳ Autonomous Ḳ Shared & 

ServiceḲ ElectricḲ

ṕ2020 Ṗ

EV

60 2

550 1

1.4 2

3 2

87



GX ṕ Ṗ

¸ 2035 100 Ṿ

¸ GX

ṕ Ṗ

CO2

H2

ṕ Ṗ

CR

2.4%

19.2%11.7%

37.2%

0%

10%

20%

30%

40%

50%

60%

70%

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

HEV 140.2 ṕ36.3% ṖEV   1.4  ṕ0.4% Ṗ
PHEV 1.7 ṕ0.4% Ṗ     FCV   0.2 ṕ0.0% Ṗ

HEV 1,161 ṕ18.7% ṖEV   13  ṕ0.2% Ṗ
PHEV 15 ṕ0.2% Ṗ FCV   0.5 ṕ0.0% Ṗ

Ṯ ṯ
¸

ï 2035
100Ṿ

ï

ï GX

CR
ṕ FCV Ṗ

COŇ

COŇ
V2H

88



GX ṕ Ṗ

Ṯ ṯṕ Ṗ

ï LNG

ï

ï

ï SAF

ïSAF

ï2030 10Ṿ SAF
SAF SAF

ï

ï

ï

¸ CO2 Ễ

¸

CO2

SAF

1.8 Ṿ
2.1 Ṿ

2020 2030 2050

SAF
6.3 kl

7,200
kl

5.5 kl

0.03% 13% 90%

ẑATAG Waypoint 2050 F3ṕSAF Ṗ SAF
Ṗ2030 SAF 89




