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צּ ḭ ḭ ḭ ṇ ḭ
ךּ ḭ2017 4

ףּ ḭ פּ ṇ ḭנּ צּ ︡ ךּ ḭפּ ךּ
ṇ צּ אל ḭ Ṅ כֿ טּ Ḯ ḭ שּ

פḭּשּקּ ḭ ︡ ךּ Ḯ CO2 ḱ ḭ ḱ
ךּ ṇ צּ ךּ כֿ ḭנּ

LNG ḭ ḱ ḭAI IoT ךּ ḭ ︡
לּ ḭ ︡ צּ

ךּ Ḯ

כֿ קּ ךּ ḭ ︣ ︣ כֿ ￼ךּ ףּ צּ
טּ לּךּ ḭ ṇ ︣ ḭṡ Ḳ

וֹ ḱ Ṣḭṡ Ḳ ḱ וֹ Ṣḭṡ
Ḳ ḱ וֹ Ṣ פּ ḭ כֿ צּ נּ Ḯ

כֿ ךּ ︡ לּ ḭ 2020 9 ḭ
ṇ ḭṡ2050 וֹ Ṣ ︡ ףּ ḭ ￼

︣ ḭ Ṅ ︡ קּ Ḯ2021 3 ḭ2050
ḭוֹ ḱ ḭ ḭ ︣ ḭ ḭ

︣ וֹ ︡ḭ כֿ ︡ ḭ
ṡ ( )Ṣּצ אל כֿ טּ Ḯ

ḭ ︣ ḭ וֹףּ ךּ ︣ ḭ
ṇ ךּ ḱ ︡ Ḯ צּ ︣ ṇ

ךּ ṇ ︣ כֿ ḭ ︡ Ḯ

ḭצּ צּ וֹףּ ךּ טּ Ḯ

︢

2021 3 31 UFJ ṇ &



1 שּ

3



1 שּ
1.1 צּ

(1)LNG
(2)LNG צּ
(3)
(4)

1.2 ︡
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(1)LNG
ṌLNG

¸ צּ LNG ︡ ףּ ḭ2019 וֹףּ LNG 7,730 t ךּ Ḯ
LNG ḭ 2014 8,910 t ︡ כֿכḭֿצּ

ṇ טּ Ḯ

¸ 2019 וֹףּ 7,910 t(LNG 7,730 t+ 180 t *1 ) ךּ Ḯ
LNG 98% ףּ ḭ ︡ ךּ Ḯ

5: ṇṡ ṇ 2020Ṣḭ ṡ ṇ ḱ Ṣḭṡ ḱ ṇ Ṣḭṡ Ṣḭṡ
Ṣḭ ṡ Ṣ

ḭ
( ) ṇṡ ṇ 2020Ṣ MURC
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1.1 צּ



(1)LNG
LNG

¸ 2019 וֹףּ LNG 7,730 t ḭ 3,010צּ t( 38.9%)
ḭשּ ךּ ṇ 940 t( 12.1%) ḭ ṇ 870 t( 11.3%) ךּ Ḯ

ï ḭ2012 פּ Ḯ LNG לּ ḱ ḭLNG
2012 19.6% פּ שּקּ

ï ḭ ṇ LNG צּ Ḯ צּ 2017 1 פּ ︡ ףּ ḭ2019 370 t(
4.8%) ךּ

ï פּ 1,400 t( : ṇ 870 tḭUAE220 tḭ ṇ 290צּ t) ףּ ḭּך
17% (2018 21% )Ḯ 85Ṿ ḭשּ צּ
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(1)LNG
LNG

¸ צּ וֹףּ LNG ḭֿ10כֿכ ךּףּ שּקּ ︡ ︡ ךּ Ḯ

ïLNG ḭLNG צּ ︡ 2014 87,061 /t טּ ḭ2014צּ
ḭ2016 39,364 /t

ï2017 צּ ḭ2018ךּ LNG ︡ḭ2018 9 60,000 /t
Ḯּ︡2019︡פ צּ ︢ḭ ︡ ךּ LNGḱ LNG

*1 טּ ḭ 50,000 /t
ï2020 ḭCOVID-19 ḭLNG שּקּ Ḯ2020 9 30,252 /t

¸ 2020 ḭ LNG תּ ︣ ḭ
ḭ ḭ LNG ךּ ḮLNG

︡ ךּ Ḯ

7

1.1 צּ

פּ 1* ṇ ︡ LNG ḭ ( ṇ Ṗ ︣ צּ ךּ

ḱLNG
( ) ṇ

: ṇṡ ṇ 2020Ṣḭ ṡ Ṣḭ 3 2050 וֹ ( 2 10 26 ) ṇ ḱ



(2) LNG צּ
ḱ

¸ ṡ ḱ (2020 3 )Ṣ ḭLNG ︡ ḭṡ / ךּ︡
Ṣḭṡ LNG Ṣḭṡ ︡

Ṣ בֿ ךּ Ḯ

¸ כֿ ṡ LNG Ṣ ︡ ḭ ︡ ךּ Ḯ

ï LNG צּ ︣ ḭ קּ קּ צּ LNG ︣ ḭLNG ︡
אל ḭ צּ וֹ ︡ḭ כֿ צּ

ï ḭ LNG ךּ ḭ2030 ể Ḯ 50 LNG
ḭ︡פּ צּ קּ קּ LNG ︡ ︣ כֿ ︣

8: ṡ ḱ ( 2 3 )Ṣḭ 3 2050 וֹ ( 2 10 26 ) ṇ ḱ

1.1 צּ

צּ וֹףּ LNG ךּ ︡
( ) ṇ

ḱLNG
( ) ṇ



(2) LNG צּ
LNG

¸ צּ ḭLNG ︢ ḭ LNG ︡ḭ Ṍ
ṇ ︡ קּ Ḯ

¸ 2020 10 אל 9 ḭCOVID-19 LNG שּ Ṅ נּ ḭ
LNG ḭצּ ︡ ḭ נּ צּ
פּ ךּ ḭ ṇ ︡ Ḯ

ï ︣
ἲ ︡ צּ קּ ףּ ḭ ︡לּ ḱ ︣ Ḯ
ḱ נּ ḭ (JBICḱNEXIṖ כֿ ṇ

ï LNG ṇ ṇ וֹףּ
ἲ ṇ GHG צּ Ḯ צּ ךּ צּ

Ḯךּ ︡ בֿ כֿשּךּ צּ Ḯ ṇ

¸ 9 ךּףּ צּ ḭ ṡLNG 2016 Ṣ ︡ḭ LNG ṇ ṇ
וֹףּ GHG ḭ LNGּפ ṇ ḱ ḭ ︡
כֿ ︡ ךּ Ḯ

9
: ṇ Web <https://www.meti.go.jp/press/2020/10/20201013002/20201013002.html> ḭ

<https://www.enecho.meti.go.jp/about/special/johoteikyo/tokyo_beyond -zero_week_02.html>
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(3)
Ṍ ḱ

¸ צּ וֹףּ ḭ2014 9,110 t ︡ ḭצּ ︡2018
8,240 t Ḯ

¸ 8,240 t ḭ 4,970 t( 60.3%) ḭ 2,740 t( 33.2%) ḭ
540 t( 6.5%) ךּ Ḯ

ï2011 3 ḭ ḭוֹ LNG ︡ḭ2010 4,239 tּפ 2014
5,749 t ︡ Ḯ2015 ḭ ḭ2016 ךּ

וֹ ףּ ḭ2018 4,970 t 2010 5,000 t
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: ṇṡ ṇ 2020Ṣḭ ṡ ṇ ḱ Ṣḭṡ ḱ ṇ Ṣḭṡ Ṣḭṡ Ṣḭ ṡ
Ṣ
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(3)
Ṍ

¸ 2019 וֹףּ 1,691PJ ךּ Ḯ ḭ 997PJ(
58.9%) צּ ḭשּ ךּ 393PJ( 23.2%) ḭ 174PJ( 10.3%) ḭ 128PJ(

7.6%) ךּ Ḯ

¸ 2000 ḭ ḭ טּ ḭ ︡ ךּ
ḭ פּ ךּ Ḯ

ï ḭ ṇ לּ ḭ
ṇ

ï ḭ ḭ צּ כֿ צּ

11
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: ṇṡ ṇ 2020Ṣḭ ṡ Ṣ

PJ PJ PJ PJ PJ PJ PJ PJ

12.1 9.1 210.1 37.9 96.7 11.0 15.5 392.5 23.2%

10.8 4.2 93.7 14.8 37.8 5.1 7.7 174.2 10.3%

7.6 30.4 518.3 151.7 217.4 46.4 25.1 996.9 58.9%
6.0 4.6 61.5 14.2 28.3 5.8 7.3 127.7 7.6%

36.6 48.2 883.6 218.7 380.2 68.3 55.7 1,691.3 100.0%

( ) ṡ Ṣ MURC

( ḱ ) (2019 )
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(4)
LNG

¸ צּ וֹףּ LNG ḭ ︡ ︣
אל קּ Ḯֿכ ︡ ḭ צּ ︢ אל ךּ Ḯ

¸ ḭ וֹףּ
צּ ︡ ḭצּ פֿ ︡ ךּ Ḯ ḭ

︡ ףּ ḭ 26 km ךּ Ḯ

12( )( ) Web < https://www.gas.or.jp/gastodokumade/> 

צּ וֹףּ LNG
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(4)

¸ 2020 10 וֹףּ LNG 8,292 kW ︡ ךּ Ḯ 2019
וֹףּ LNG 3,535 kWh ךּ Ḯ

¸ 2 6,867 kW LNG 30.9%
ךּ Ḯ LNG שּקּ Ḯ

13
( ) ṡ Ṣ MURC

16 48,126 215,627

5 10,176 47,502

5 6,849 28,729

2 4,655 6,981

2 2,375 11,472

1 1,221 7,717

1 1,180 317

2 1,109 5,592

1 935 3,553

1 925 3,449

1 847 5,765

1 625 2,564

1 569 2,986

2 537 1,519

29 2,785 9,707

70 82,916 353,478

A B C D B/A B/(A-C)

8,364 569 2,070 5,725 6.8% 9.0%

16,638 6,849 2,750 7,039 41.2% 49.3%

66,126 48,126 0 18,000 72.8% 72.8%

8,247 925 1,746 5,576 11.2% 14.2%

30,590 10,176 6,578 13,835 33.3% 42.4%

5,436 935 890 3,611 17.2% 20.6%

5,436 935 890 3,611 17.2% 20.6%

17,549 4,655 4,140 8,754 26.5% 34.7%

2,160 537 0 1,623 24.9% 24.9%

108,120 9,208 14,019 84,893 8.5% 9.8%

268,666 82,916 33,083 152,667 30.9% 35.2%

LNG (2020 10 ) (2019 ) LNG ( ṇ )(2020 10 )

( ) ṡ Ṣ MURC
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1 שּ
1.1 צּ
1.2 ︡

(1) ṇ
(2) ṇ ︡
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(1) ṇ
︡ Ṍ

¸ 2019 ḭ צּ צּ ךּ ךּ ḭ2020צּ ḭCOVID -19
לּ ḭ צּ ךּ ךּ Ḯ

ï 2020 ḭ2019 4,000bcm פּ 150bcm ︡ 3,850bcm( 4% )
ï טּ ḭ

¸ IEA ṡGas 2020Ṣ ḭ 2021 ḭ Ṅ ︣ טּ Ḯּ︡︡פ Ṅ
צּ ︡ ףּ ḭCOVID -19 ︡ נּ טּצּ Ḯ

ï ḭ ḭ ךּףּ ḭ ︡ Ḯּ︡︡פḭ COVID-19
ḭ2025 75bcm צּ ︣

15

1.2 ︡

2025 וֹ (COVID19 )
( )IEA ṡGas 2020Ṣ

75bbcm

COVID-19 COVID-19

: IEAṡGas 2020 Ṣ



(1) ṇ
︡ ṌLNG

¸ IEAṡGas 2020 Ṣ ḭ LNG 2025 585bcm/y (2019 21% ) ︣
טּ Ḯ ︡ ḭ LNGּצ ךּ ︡ḭ ︡ ḭ

ךּ Ḯ

ï LNG ḭ תּ וֹףּ פּ ḭ 5
3 ︣

ï ḱ וֹףּ LNG ḭ2025 ךּףּ 77% ︣
ἲ LNG (2019 80bcm ἲ 2025 128bcm) ḭ LNG (2019 32bcm ἲ 2025 פּ 48bcm)
ἲ LNG ḭ וֹףּ צּ ︣

טּ כֿ פּ ḭ100bcm ךּ

¸ IEAṡGas 2020 Ṣ ḭ FIDתּ ḭLNG ︡ḭ2020 פּ
2025 וֹפּ 120bcm/ ︣ טּ Ḯ צּ ︡
כֿ פּ ḭ2025 LNG צּ ︣ טּ ︡ ךּ Ḯ

16

LNG ( ḱ )(2015 Ṍ2025 )
( )IEAṡGas2020Ṣ

וֹףּ LNG (2015 Ṍ2025 )
( )IEAṡGas2020Ṣ

585bcm

1.2 ︡

585bcm

LNG
(bcm )

LNG
(bcm )

ṇ

ḱ
ḱ

: IEAṡGas 2020 Ṣ



(1) ṇ
ṇ

¸ 2020 5 אל ṡWorld Energy Investment 2020 Ṣ ḭ2020 וֹףּ ṇ
ḭ2019 פּ 4,000 ( 20%) ︡ḭ 1 5,000 טּ Ḯ

ï 4,000 ṇ ḭ ḱ ṇ 2,500צּ )ךּקּ 32%
) *1Ḯ ךּ ḭ ṇ 800צּ ךּ ḭצּ ṇ 10% טּ ḭ
ḱ ṇ ︡ ךּאל

ï ḭ וֹףּ צּ 25% )ךּקּ ḱ ṇ צּ שּקּ )Ḯ
ḭ וֹףּ 12% טּ ḭ 25% ḭ 17% ︡

17

ṇ 2019 ( ṇ )

( ) IEAṡWorld Energy Investment 2020 Ṣ

1.2 ︡

*1 ṇ ( צּ( טּ ḭ2025 ḭ 900 bpd ︣ טּ Ḯ
ṇ COVID-19צּ ḭ 2020צּ ︡ ︣ צּ ︣ צּ

︣ ︡ ךּ

ṇ ( ṇ )

( ) IEAṡWorld Energy Investment 2020 Ṣ

2,500

800

1.5

1.9

0.4 ( 20%)
10 USD

ṇ

ṇ
( ḱ ) ( )

10 USD

: IEAṡ World Energy Investment 2020 Ṣ



(2) ṇ ︡
BP Energy Outlook 2020 Ṍ

¸ 2020 9 אל ṡBP Energy Outlook 2020 Ṣ ḭ2050 ךּ
BAU(Business -as-Usual) ḭRapidנּ Net Zero פּ 3 ךּ ︡ ךּ Ḯ

18

BAU Å ḭ ḭצּ ḱ ṇ פּ
Å CO2 2020 ṇ Ḯ פּ
Å 2050 ṇ CO2 30GtCO2 (2018 10% )

Rapid Å Ḯ ṇ ṇ אל
Å 2050 ṇ CO2 10GtCO2 (2018 70% )

Net Zero Å Rapid ךּףּ אל ḭצּ ḱ ךּ︡ אל ḭ
Å 2050 ṇ CO2 (2018 95% )
ἲ+1.5 ṹ

3

1.2 ︡

ü2050 ṇ ḭBAU ךּףּ 725EJ(
0.7%) ḭRapid Net Zero ךּףּ 625EJ( 0.3%) ךּ Ḯ
V צּ (2018 פ85%ּ 2050 70
Ṍ20% )

V ḭ צּ (2018 פ85%ּ 2050 70Ṍ
20% )

ü ḭBAU COVID-19 ḭ2050
︡ 95Mbpd Ḯ ḭRapid Net Zero ḭ
פּ ￼ḭ2019 ṇ ︡ שּקּ

(2050 ךּףּ Rapid 55MbpdḭNet Zero 30Mbpd )
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: BPṡBP Energy Outlook 2020 Ṣ



(2) ṇ ︡
BP Energy Outlook 2020 Ṍ

¸ ḭ ︣ טּ Ḯ ḭ וֹ ḭךּ ךּ︡
ךּףּ צּ ︣ ḭCCUSשּקּ ḭ
Ḯךּקּ

ïRapid וֹףּ ḭCOVID-19 פּ ︡ḭ 15 ḭ Ḯ ḭ
ךּףּ ḭ פּ צּ Ḯ 15 (2035 Ṍ) וֹףּ

צּ ︣ כֿ ḭ ︡ḭ2050 2018 4,000Bcm
ïNet Zero וֹףּ ḭ2020 ṇ ︡ ḭ Ḯ2050 2018 35%

ïBAU 30 צּ ︡ḭ2050 5,300Bcm

¸ ḭ שּקּ ךּ Ḯ Net Zero ḭ ḭ וֹףּ
צּ שּקּ ︣ ḭ צּ שּקּ ︡ ךּ Ḯ

19

( )BPṡBP Energy Outlook 2020 Ṣ

: BPṡBP Energy Outlook 2020 Ṣ

ṇ (2018 Ṍ2050 )
( )BPṡBP Energy Outlook 2020 Ṣ
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(2) ṇ ︡
BP Energy Outlook 2020 Ṍ

20
( )BPṡBP Energy Outlook 2020 Ṣ ( )BPṡBP Energy Outlook 2020 Ṣ

1.2 ︡

ü ṇ ︡ ḭRapid Net Zero ךּףּ ︣ Ḯ 2035 ︡ ףּ
ḭ2050 ( ) ṇ ︡ ḭ Rapid 7%ḭNet Zero 16% Ḯ

üRapid Net Zero ךּףּ ḭ ḭ פּ ḭ ḱ ךּףּ צּ שּ︡
ךּףּ ḭ ︣Ḯ

V ḭ ḭ ḭ ḱ ṇ ︡ ḭ Ḯ2050 ḭ
ṇ 10%(Rapid) ḭ18%(Net Zero) Ḯ וֹףּ ḭ

ü צּ ךּ ḭ שּ ḭ אל ךּ Ḯ Rapid Net Zero ḭ 2050
צּ ṇ or ṇ טּ ḭ ṇ Ḯ

ἲRapid Net Zero ךּףּ ḭ ṇ ḭ ￼ ︣ ︣ Ḯ

:

ü ṇ ךּ צּ ︣ Ḯ ṇ וֹףּ ḭ2018 20% פּ ︡ḭ
2050 BAU34%ḭRapid45% ḭNet Zero 50% ︣ Ḯ
V ḱ ḭצּ ︡פḮּ︡לּ ︢ ︣ Ḯ

︡ ḭ 2040 ( ḭRapidצּ 50%ḭNet Zero 60% ︡ טּ )
V ḭ פּ ḭRapid 2030 ︣ ḭצּ 2050 2018

ḮNet Zero ḭRapid ︡ צּ ḭשּ Ḯ ḭBAU ḭ ︡

:

: BPṡBP Energy Outlook 2020 Ṣ

EJ EJ



(2) ṇ ︡
IEAṡ IEA World Energy Outlook 2020 ṢṌ

¸ 2020 10 אל ṡIEA World Energy Outlook 2020 Ṣ ḭCOVID-19 ךּ
︡ ףּ ḭ 4 ︡ ךּ Ḯ

ï (STEPS) Ḳ אל ךּ ḭ ṇ 2023

ï (DRS) Ḳ צּ ︡ḭ ṇ 2025 ︡ ךּ
ï (SDS) Ḳ שּ ṇ ṇ ︣
ï 2050 (NZE2050) ḲSDS ︡ḭ2050 CO2 ︣

¸ ￼ךּ ḭ ṇּצ ︢ḭ צּ ךּ Ḯ ḭ
ḭ ḭ ḭ טּ ḭצּ צּ טּ ḭ

Ḯךּאל

21

1.2 ︡

וֹףּ ṇ (2019 )
( )IEAṡWorld Energy Outlook 2020 Ṣ

: IEA ṡWorld Energy Outlook 2020 Ṣ

וֹףּ (2030 )
( )IEAṡWorld Energy Outlook 2020 Ṣ



(2) ṇ ︡
: IEA ṡThe Future of Hydrogen Ṣ

¸ 2019 6 ḭIEA ḭ ︡ ṡThe Future of Hydrogen Ṣ ︡ Ḯ
ḭ ḭ ḱ ḭ וֹףּ *1 *2

︡ ḭIEA ︡ ︡ ךּ Ḯ

ï וֹףּ ḭ ︣ ḭ וֹףּ ḭ
וֹ R&D ḭ ḭ

ï ︡ ḭ וֹףּ ḭ ḭ FCV
ḭ ︣ ḭ

¸ ︡ ḭ פּ צּ ︡ ךּ Ḯ ḭ
ḭ ḭֿכ לּ ṇ צּ ︣

︡ ךּ Ḯ

*1 נּ ḭ ṇ וֹףּ ︡ ḭ ︢ ךּ ︢ ךּ Ḯ
*2 צּ ךּ ךּ ṇ וֹףּ ךּ Ḯ נּ ḭ וֹ ṇ ︡ ḭ

ḭ ṇ ḭ ṇ כֿלּ צּ ︡

וֹףּ CO2 (kgCO2/kgH2)
( )IEAṡThe future of Hydrogen Ṣ

וֹףּ (USD/kgH2)
( )IEAṡThe future of Hydrogen Ṣ
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1.2 ︡

: IEA ṡThe Future of Hydrogen Ṣ

CCUS (90% )

CCUS

CCUS (90% )

CCUS

CCUS (56% )

( ) ( ) (CCUS ) (CCUS ) (CCUS )(CCUS )



2
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2
2.1

(1)
(2)EU וֹףּ
(3)
(4)
(5)
(6)
(7)

2.2 ḱ
2.3 ḱ

24
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(1)
Clean Energy for All Europeans Package

¸ 2016 11 ḭ ṇ ṇ ︣ טּ Clean 
Energy for All Europeans Package ︡ Ḯ

ï 2030 EU (GHG 40% (1990 ) ḭ וֹףּ 32%ḭ ṇ 32.5% ) צּ
ï ḭ ṇ ḭ ṇḭ ṇḭ ḭ 5

︣ טּ ḭ8 (Directive) ḱ (Regulation) פּ Ḯ2019 6 צּ

( ) ṡClean Energy for All Europeans Package Ṣ
<https://ec.europa.eu/energy/topics/energy -strategy/clean -energy -all-europeans_en>

ḱ

ṇ ṇ
(Directive (EU) 

2018/844)

Å EU ṇ ︣ ( EPBD )
Å 2018 ḭ 2050 וֹ אל ︣ ḭ

︣ ḭ ṇ (Smart Readiness Indicator) צּ

(Directive (EU) 
2018/2002)

Å ṇ ︡ ḭ2020 20% ḭ2030נּ 30% ︣ כֿ וֹ

(Directive (EU) 
2018/2001)

Å ( :RED )Ḯ ḭ וֹףּ ṇ

Å 2018 ḭ טּ ︡ ḭ2030 ṇ 32% ( :
︣ אל ךּ ḭצּ ︣ (Ḯךּ

ṇ
(Regulation (EU) 

2018/1999)

Å ḱ ṇ ︣ כֿ Ḯ 2021 Ṍ2030
︡ 10 פֿ ṡ ṇḱ (NECP)Ṣ

Å ( Ṋ ṇ)ḭ ṇ ḭ ṇ ḭ
ṇ ḭ ḱ ḱ 5 פּ בֿ כֿ אל ךּ

(Regulation 
(EU) 2019/943)

Å 2050 וֹ ךּ
Å ḭTSOḱDSO ךּ

ṇ
(Regulation (EU) 2019/944)

Å 2009 EU (Directive 2009/72/EC)

ACER (Regulation 
(EU) 2019/942)

Å (Regulation(EC)714/2009) ךּףּ אל EU ṇ טּ ACER(Agency for the 
Cooperation of Energy Regulators) ḱ ךּ

(Regulation (EU) 2019/941)
Å ṇ וֹףּ ךּ

Clean Energy for All Europeans Package וֹףּ 8 ḱ

2.1



(1)
Clean Planet for All Ṍ נּ

¸ 2018 11 ḭ ḭ2050 וֹףּ GHG 80Ṍ95% ︡ḭ (Climate -
neutral Economy) ︣ ︡ ṡA Clean Planet for All Ṣ ︡ Ḯ

ïEU ḱ ṇ
ï ḭוֹ לּ ︣ פּ Ḯ 8
ἲ2050 80% (5 )ḭ 90Ṿ (1 )ḭ 100Ṿ (Ễ )

¸ ︣ ḭ 7 (Building Block) ︡ ︣ ︡ ךּ Ḯ

ï ṇ (ZEB )Ḳ ḭ ṇ
ï ḭ Ḳ ḭ
ï ṇ ḭ ḭ Ḳ ḭנּ ḭ ṇ
ï ḲCCU( ḭ ) Ḯ ḭ ḭ ḭ Ḯ

ï ṇ ṇ Ḳ ︡ EU ṇ
ï Ḳ ṇ Ḯ Ḯ
ïCCSḲ ṇ ḭBECCSḭ ṇ ṇ

( ) ṡA Clean Planet for all A European strategic long - term vision for a prosperous, modern, competitive and climate neutral economy Ṣ
<https://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX:52018DC0773>

2050

2050 80%
(2ṹ )

(ELEC) ṇ ( ḭ ḭ )

(H2) ḭ ḭ

(P2X) ḭ ḭ CO2 ︣ (e - fuel)

ṇ (EE) ṇ( ḭ ḭ ḭ ) ṇ

(CIRC) ḭ ṇ ḭ ḭ

2050 90% (COMBO) (1) 90Ṿ ḭלּ ךּ

2050
(1.5 ṹ )

1.5ṹ (1.5 ṹ 
TECH)

ḭ צּ
(BECCSḭDACCS )

1.5ṹ
(1.5 ṹ LIFE)

ḭ צּ ( ḭ ḭ
ḭ ḭ )

26

2.1



(1)
Clean Planet for All Ṍ

( ) ṡA Clean Planet for all ² IN -DEPTH ANALYSIS IN SUPPORT OF THE COMMISSION COMMUNICATION COM(2018) 773 Ṣ 27

2.1

וֹףּ 2050 ṇ

ü5 ( Ṍ ) ḭ ךּףּ 2050 80% לּ Ḯ ḭ ḭ
Ṍ 2050 90% לּ

ἲ ḭ ḭ ṇ ︣ כֿ 2050
ü8 וֹףּ ṇ ( ) ︣ ḭe-fuels צּ ( P2Xḭ COMBOḭ 1.5 

TECHḭ 1.5 LIFE) ḭ פּ e-fuels צּ Ḯ ךּףּ צּ Ḯ
ἲ ELEC 2050 53%ḭ P2X 2050 41%

ü ךּףּ ḭ ḱ צּ Ḯ ḭ אל ṇ
ḱ ︡ ךּףּ ( e-gas צּ( Ḯ

2050 וֹףּ ṇ ṇ

2050
) ṇ ḭ2050 64% (2050 )

e-gas

e- liquids

ṇ



(1)
ṡ ṇ EU Ṣ Ṍ

¸ ḭ2019 12 ṇ ṇ ︡ ףּ ḭ2050 ḭ2030נּ
GHG 50Ṍ55% (1990 ) ︣ צּ אל (2020 12 )Ḯ

¸ ḭ2050 ṇ ṇ וֹ Ṅ ︡ ךּ Ḯ2020 7 ḭ
ṡ ṇ EU (EU Strategy for Energy System Integration) Ṣ ︡
ףּ ḭ ṇ ṇ ︡ Ḯ אל ṡ

(A hydrogen strategy for a climate -neutral Europe) Ṣ( ) ḭ ṇ ṇ
ṇ ṇ ︡ ךּ *1Ḯ

¸ ḭ ṇ ︣ ḭ 6 ︡ ךּ Ḯ

ï ṡ ṇ Ṣ ︡ ḭ ṇ
ï ︡ ︡ ḭ ṇ
ï צּ ṇ ךּףּ ḭ
ï ṇ ḭ ṇ (DER)
ï ṇ
ï אל ṇ ṇ

28

*1 2020 10 14 ḭ ṡ ṇ Ṣḭṡ Ṣḭ ṡ ṇ Ṣ לּךּ ḱ
︡ Ḯּך￼ ṇ ṇ ṇ טּ ḭ2050 וֹ ךּ

2.1

: ṡA European Green Deal Ṣ< https://ec.europa.eu/info/strategy/priorities -2019 -2024/european -green -deal_en >
ṡEU Strategy for Energy System Integration Ṣ<https://ec.europa.eu/energy/topics/energy -system -integration/eu -strategy -energy -system -integration_en>



(1)
ṡ ṇ EU Ṣ Ṍ

29

︡ ṇ

ṡ ṇ Ṣ
︡ ḭ ṇ

Å ṇ ︡ ḭ ḱ ︢ ṇ ךּ ḭ
ṇ ︡

Å ṇ ṇ ︡ ḭ ṇ
︡ ḭ ṇ ṇּפ

︡
︡ ḭ ṇ

Å וֹףּ ︣
Å ︢ ḭ וֹףּ

Å TEN-T ךּףּ ḱ Ḯ נּ
ṇ ṇ ךּ

צּ ṇ ךּףּ
ḭ

Å ṇ ︡ ḭ GHG
ḭשּ

Å Horizon Europe ︢ ḭ ḱ ︣ ṇ ṇ
ṇ

ṇ ḭ
ṇ (DER)

Å ṇ EU ḱ

אל ṇ Å TEN-E TEN-T ḭ ṇ ḭ
ṇ

Å TEN-E ︡ ḭEU ṇ
︣ ḭTYNDP ︣Ḯ

Å ṇ ṇ (2021 6 )ḭ Ḯ

אל ṇ
ṇ

Å ṇ

2.1

ṡ ṇ EU Ṣ וֹףּ Ỉ

: ṡA European Green Deal Ṣ< https://ec.europa.eu/info/strategy/priorities -2019 -2024/european -green -deal_en >
ṡEU Strategy for Energy System Integration Ṣ<https://ec.europa.eu/energy/topics/energy -system -integration/eu -strategy -energy -system -integration_en>



30

(1)
Ṍ

¸ 2020 7 ḭ ṇ ṇ ︡ ṡ Ṣ
︡ Ḯ ṡ ṇ Ṣ ḭ וֹףּ
צּ אל ךּ Ḯ
ἲ2050 ṇ ḭ ḭ ḭ ṇ

ḭ ṇ ḭ לּךּ

ךּ

(Renewable hydrogen)
ṇ (Clean hydrogen)

Å ṇ ḭ אל
Å וֹףּ GHG ךּ
Å ḭ אל

(Fossil -based hydrogen) Å ḭ ︡ אל Ḯ אל ךּ
ךּ

Å וֹףּ GHG ךּ

קּ (Fossil -
based hydrogen with carbon 
capture)

Å ḭצּ אל GHG אל
Å לּ ḭ צּ ḭGHGצּךּ ︣

טּצּ Ḯ

(Low -carbon hydrogen) Å ךּףּ GHG צּ אל ךּ ḭ קּ
︣Ḯ

(Hydrogen -derived 
synthetic fuels)

Å ṇ ︡ Ṅ / Ḯ Ḯ

2.1

: ṡ A hydrogen strategy for a climate -neutral Europe) Ṣ<https://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX:52020DC0301>

ṇ נּ

ü Ṅ אל ḭצּ ︢ צּ Ḯ
ü ︡ אל צּ אל ךּ Ḯּ︡︡פḭ

אל Ḯ

ךּ ṇ

( ) ṡ Ṣ MURC
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( ṇ )
1.5 ṇ /kg( שּקּ )

קּ

( ṇ )

2.0 ṇ /kg

( ṇ )
2.5Ṍ5.5 ṇ /kg

(1)
Ṍ2050 ṇ

Å ṇ ︡ וֹ
ἲ2030 40GW

ἲ 1,000
Å קּ GHG
Å ṇ ךּ
ṡ ṇṢ

Å

Å ṇ ṇ ḭ

Å

Å

Å ṇ 4
1

Å ḭצּ
פּ צּ ḱ

2.1

2050 ṇ וֹףּ נּ

üṡ Ṣ ṡ קּ Ṣ ḭ צּ ḭשּ ḭ55Ṍ
90 ṇ /tCO2 צּ אל טּצּ Ḯ

ü 10 60% אל ףּ ḭ ṇּצ אל
2030 צּ ךּ Ḯ

ü ṇ וֹ ḭ3 ṇ ṇ ︡ ךּ Ḯ

1 ṇ
(2020 Ṍ2024 )

2 ṇ
(2025 Ṍ2030 )

3 ṇ
(2030 Ṍ2050 )

ÅEU 6GW
︡ḭ 100
ἲ ( 100MW )
Å ︡
Å ḱ
Å ṇ

: ṡ A hydrogen strategy for a climate -neutral Europe) Ṣ<https://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX:52020DC0301>

ךּ וֹ
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(1)
Ṍ

ü 2030 Ḳ240Ṍ420 ṇ
ü ︣ 80Ṍ120GW ḱ Ḳ2200Ṍ3400 ṇ
ü CCS ︣ Ḳ110 ṇ
ü ḱ ḱ Ḳ650 ṇ
ü ךּףּ אל
ἲֿכ ︣ ṡ ṇ Ṣ Ḯ

︡ḭ ṇ ṇ

ḱ
ṥ Ṧ
ü ︣ ḭ Ṅ ︣
ἲ Ḳ ḭ ḭ ṇ ḭ וֹףּ קּ נּ
ἲ Ḳ ḭ ( ṇ)ḭ וֹףּ צּ ḭ ḭ ḭ ḱ

ḭ ḱ
ṥ Ṧ
ü 2030 40GW לּךּ ︣ ḭ ṇ ḭEU ḭ ṇ ︡ ṇ

︣ Ḯ

2.1

ü טּ ︣ ḭצּ ṇ
ü 2 ṇ (2025 Ṍ2030 ) ḭ ︣ ḭ ṇ ṇ צּ
ἲ2030 צּ ︣ ḭ ︣ ḭ ךּ ṇ ︣ כֿ צּ

ü ḭ ḱ ḱ צּ ךּ ךּ אל ךּ Ḯ
︣ ḭ ︣ ḭ ︡ ḭךּ ṇ

ךּ ḭ ︡לּ ︣ טּצּ
ü ṇ ḭ ךּףּ ṇ ṇ וֹףּ ︣ ḭצּ אל

אל ḭ ṇ ṇ נּ נּ טּצּ Ḯֿכ לּ
וֹ ḭ ︣ ︡ḭ (CEN) ︣ טּצּ Ḯ

( )

ü ḭ 1,2 ṇ ︡ ḭ ︡ ︡ ךּ Ḯ

: ṡA hydrogen strategy for a climate-neutral Europe) Ṣ<https://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX:52020DC0301>



(2)EU וֹףּ
: FCH JU ṡHydrogen Roadmap Europe Ṣ

¸ 2019 1 ḭ (FCH JU) *1 ḭṡ ṇ (Hydrogen Roadmap 
Europe: A sustainable pathway for the European Energy Transition) Ṣ ︡ Ḯ

ï אל ḭ ḱ FCV ḭ
ïEU וֹףּ GHG 35 3,600 tCO2(2015 )Ḯ 16 9,500 tCO2 צּ טּ ḭ

CO 18 4,100 tCO2 Ḯ ḭ2ṹ 7 7,100 tCO2 צּ
ἲֿכ 10 7,000 tCO2 (5 6,000 tCO2)

ïAmbitious ḭ2030 ṇ ︡11,500TWh לּ ḭ 665TWh( 1700
t/ ) טּ 6% Ḯ לּ 238TWh( 610 t/ )

*1 : Fuel Cells and Hydrogen Joint Undertaking Ḯ2008 אל ṇ ṇ טּ ḭEU ףּ
ךּ

: FCH -JUṡ Hydrogen Roadmap Europe: A sustainable pathway for the European Energy Transition Ṣ
<https://www.fch.europa.eu/news/hydrogen -roadmap -europe -sustainable -pathway -european -energy -transition>

2050 2ṹ וֹ ṇ
ṇ ṇ

33

2.1

ṇ
(TWh)

CO2
(2015 )

CO2
(2050 )

CO2
(2ṹ )

10 7,000 tCO2
(5 6,000 tCO2)

BAU Ambitious BAU Ambitious

2030 2050

238TWh

MtCO2



(2) EU וֹףּ
: Hydrogen Europe ṡ2x40 GW Green Hydrogen Initiative Ṣ

¸ 2020 4 ḭHydrogen Europe *1 ḭṡ2x40 GW Green Hydrogen Initiative Ṣ ︡ ףּ ḭ2030
40GWḭ ( ) 40GW ︣ לּךּ

︡ ךּ Ḯ

ï 40GW 440 t/ Ḯ 40GW 300 t/
ï ḭ 2030 1.0Ṍ2.0ħ/kgH2

*1 Hydrogen Europe( European Hydrogen and Fuel Cell Association) ḭ ḭ

( ) Hydrogen Europe ṡ2x40 GW Green Hydrogen Initiative Ṣ
< https://www.hydrogen4climateaction.eu/2x40gw - initiative >

וֹףּ וֹףּ

34

2.1



(3)
2050 ṇ ṇ וֹ

¸ 2019 5 ḭ טּ (CCC: The Committee on Climate Change) ḭ
ṡNet Zero ²The UK s contribution to stopping global warmingṢ ︡ ḮCCC ḭ

ךּףּ ḭ ︡ וֹ ḭ2050 GHG
︣ ︡ Ḯ

ï 2019 6 ḭ ḭ 2008 (CCA 2008: Climate Change Act 2008) *1 ︡ḭ2050 GHG

ï 2021 2050 ︣ שּ

¸ ḭ2050 וֹ ︡ ḭ Core (2050 80% )ḭ
Further Ambition (2050 96% )ḭ Speculative (2050 100% ) 3

︡ ךּ Ḯ

ï Core Ḳ ṇֿפ ḭ ︡ ṡ Ṣ ṡ Ṣ ︣
ï Further Ambition : Core ḭשּ︡ ךּ Ḯ ￼ וֹ כֿ
צּ קּ ṇ( ḱ )ḭ CO2 צּ ךּ︡ ṇ( ḱ )ḭ CO2 ︣

(BECCSḱDACCS)
ï Speculative : ︣ ḭ טּ Further Ambition

ḭ ḭ ḭ 3

: CCC ṡNet Zero ²The UK s contribution to stopping global warmingṢ
<https://www.theccc.org.uk/publication/net -zero - the -uks-contribution - to -stopping -global -warming/>

*1 CCA 2008 ḭ2050 GHG 80% (1990 ) לּךּ Ḯ ︡ CCC ḭ2008 5 פֿ
ḭ Ḯ 4 (2023 Ṍ2027 ) ךּףּ 1990 50%
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(3)
2050 ṇ ṇ וֹ Ṍ

¸ Core Future Ambition ḭ ︡ ḭ ṇ ךּףּ
ḭ אל כֿ צּ Ḯ

ïCCUS
ï 2050 ḭ 380Ṍ520 ṽ ( לּ ḭ80Ṍ220 ṽּצGHG ḱ

)

(
)

- ( ) CCS

CCS ( ( : HGVs
) )

( off -gas )

EV HGVs

CCS
CCS

CCS
HGV EV

/ HGVs
CCS

: CCC ṡNet Zero ²The UK s contribution to stopping global warmingṢ
<https://www.theccc.org.uk/publication/net -zero - the -uks-contribution - to -stopping -global -warming/>

Core Future Ambition וֹףּ
( )CCC MURC

2020 2030 2040ṇ

36
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(3)

¸ 2017 10 צּ ︡ ṇ (Clean Growth Strategy) ḭ
︡ 5 ṽ ṇ ︡ ףּ ḭ ︡

︡ ︡ ךּ Ḯ

¸ וֹ (HyDeploy /HyDeploy2 ḭHynetḭHy4heat ḭ
H21 צּ( אל ḭ פּ צּ אל ךּ Ḯ

¸ 2020 2 ḭ ḱ ṇḱ (BEIS) ḭ ṇ ḱ ṇ
︡ ḭ5 §2800 ︢ כֿ ︡ Ḯ ṇ ︡ ḭ

︡ ךּ Ḯ

HyDeploy /
Hydeploy2

Å 20volṾ צּ פּ
Å ︡ ḭ פּךּ

Hynet Å 20volṾ צּ פּ
Å ךּףּ צּ פּ
ἲ ATRṧCO2

Hy4heat Å ḱ ḭ ṇ ṇ
ḭךּ ṇ 100Ṿ

H21 Å 100Ṿ
Å פּ ךּ

︡ צּ פּ ḭפּלּ ṇ
︡ ṇ Ḯלּ

Dorphyn
Project
( ṇ )

10MW פּ
(2MW) ṇ

ERM

Gigastack
( ṇ )

ITM Power GW PEM ḭ
Orsted ︡

ḭPhilip 66 Ḯ

ITM Power

Hynet
( ṇ )

Progressive Energy,Essar,Johnson
Matthey,SNC Lavalinּפ ṇ
ḭJohnson Mattheyצּ CCS
ṇ ︣

Progressiv
e Energy

Acorn
( ṇ )

Johnson Matthey פּ
CO2 ṇ

Pale Blue 
dot Energy

Hyper
( ṇ )

GTI ︡
ṇ ḭ

ṇ ︣

Cranford 
University

( ) ṡ 31 ṇ ︣
( ḱ ṇ וֹףּ ḱ

)Ṣ

*1 ṡHy4Heat Ṣ וֹ לּ טּ ḭ אל ףּ ḭ 98Ṿ לּךּ צּ
אל ךּ

וֹ BEISṡHydrogen Supply Competition Phase2 Ṣ PJ
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(4)
2050 ṇ ṇ וֹ

¸ ḭ 2011 ḭ ṇ ( Energiewende ) ︡ ḭ ḱ
ḭ ṇ קּ Ḯ

¸ 2016 11 ḭ ḭ2030 55%(1990 )ḭ2050 80%Ṍ95%( ) GHG
בֿ ṡ 2050( Klimaschutzplan 2050) Ṣ ︡ *1Ḯֿכ ṇ

ṇ ︡ 2030 61Ṍ62%( צּ( אל Ḯ

¸ ḭ וֹ ︡ ︡ ךּ Ḯ

ï ḭ ṇ פּ ︣ (ºefficiency firstº)
ï פּ ḭ ḭ ṇ ︣
ï ṇ ḭ ḭ ḭ ךּףּ ︣ ( ṇ )

: BMUB (2016) Climate Action Plan 2050Executive Summary( )ḭClimate Action Plan 2050( ḭ )ḭ
http://unfccc.int/files/focus/long -term_strategies/application/pdf/161114_climate_action_plan_2050_en_bf.pdf ḭhttp://unfccc.int/files/focus/long -
term_strategies/application/pdf/161114_klimaschutzplan_2050_broschuere_an_un.pdf ḭhttp://unfccc.int/files/focus/application/pdf/161114_climate_action_plan_2050.pdf

*1 צּ ︣ טּ ḭ ḭ ḭ ︣

2050 Å צּ ṇ Ḯ ︡ḭ ṇ ṇ Ḯלּ
Å ךּףּ צּ ḭ צּ
Å Ḯ ︣ ṇ ︢ ︡
צּ

Å צּ ṇ ︡ ︣Ḯ

2030
ṇ

Å ︡ ṇ
Å ︡ ṇ צּ Ḯלּ
Å ṇ וֹףּ

2030 Å ṇ
Å ṇ
Å

Å ( ṇḭ ḭ ḭpower - to -gasḭpower - to - liquidḭ )

ṇ וֹףּ

38
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(4)

¸ 2020 6 ḭ ḭṡ (The National Hydrogen Strategy) Ṣ ︡ Ḯ

ï ḭ ḭ ︣ ︡ḭ ︣ ṇ ḱ ︣ Ḯ
ï2023 1 ṇ ḭ2024 2 ṇ

︣ ḱ לּ ︡ ךּ
ï ṇ( ḭ ) וֹףּ ṇ כֿ Ḯ

¸ אל ףּ ḭ ṇ ︡ ︣ ṡ
ṇ Ṣ צּוֹ וֹ ךּ Ḯ

39

וֹףּ
Â ṇ ṏ ṇ ︡
אל Ḯ Ḯךּ

Â ṇ ṏ אל CCS ḱ
︡ḭ ṇ ṇ ︡ Ḯ

Â ṇ ṏ ḭ פּ אל
ḭ Ḯלּ

Â ṇ ṏ אל Ḯ
ṇ ︡ḭ ︢ צּ ︡

אל ךּ ḭ ṇ ṇ Ḯ

1 ṇ

2 ṇ

: ṡThe National Hydrogen Strategy Ṣ(2020 6 )<https://www.bmwi.de/Redaktion/EN/Publikationen/Energie/the -national -hydrogen -
strategy.html >

2.1

1,2 ṇ וֹףּ ṇ
( ) ṡ Ṣ



(4)

40

Â EU 2050 ṇ ṇ ︡ ךּ Ḯֿכ ḭ ḭ
ךּ︡ ṇּפ GHG ︣ כֿ ︡ ךּ Ḯ

Â ṇ צּוֹ טּ נּ ךּ Ḯ ḭ ṇ ḭ ṇ
ṇ ṇ Ḯלּ

Â טּ ḭ וֹ ḱ טּצּ Ḯ
Â ṇ ףּ ḭ ṇ ︣ וֹ ︣ כֿ ︡ כḮֿךּ

ṇ ︣ כֿ ︣ Ḯ ︣ ḱ ṇ ṇ ︣ Ḯ

Ḳ
Â ḭ ︡ḭ ṇ ︣ ḱ Ḯלּ
Â 2030 90Ṍ110 TWh צּ ︡ ךּ Ḯ( 55TWh טּ ḭ צּ

ṇ טּ Ḯ)
Â כֿ לּ ḭ2030 5GW ︡ ךּ ( ṇ 14TWh )Ḯאל 2035 Ṍ

40 אל 5GW Ḯלּ
Â ︡פּ︡ ṇ לּ ḭשּ אל Ḯ

Ḳ ḱ ḱ
Â ḭקּ ḭ ) צּ טּ Ḯ
Â קּ ךּ Ḯ ḭ ךּףּ ṇ ṇ

צּ ︣ Ḯלּ Power to X לּךּ אל טּצּ Ḯ
Â (FCV) ḭ ḭ ( )ḭ ( )ḭ ḭ ךּ
︣ כֿ צּ קּ Ḯלּ

Â ︡ ḭ ḭ ḭ ︡ḭ ṇ ṇ ṇ ︣ כֿ Ḯ

Â ḭṡ Ṣ ṡ Ṣ ︣ Ḯ אל ḭ
ḭ ︡ פּ ︢ Ḯ

Â ḭ 26 אל ( צּ )Ḯ ḭ ḱ ︣
︢ḭ ︣ Ḯ

Â ḭ3 פֿ ḭךּ ︣ Ḯ

Ḳ
Â ṇ (Ṍ2023 ) ḭ צּ ︣ ḭ

Ḯ2024 ṇ ḭ אל ︣ ḱ Ḯלּ
Â 8 Ḳ ḭ ḭ ṇḭ ḭ ḱ ḭ ḱ ḱ ṇ ḭ

ḭ ṇ ṇ Ḯ

2.1



(4)
ṌPower to Gas

¸ ḭ צּ ︡ ךּ ḭ שּ צּ טּ Ḯ
וֹףּ ḭךּ פּ צּ ︡ ךּ Ḯ
ךּ 1ḭ*צּ צּ טּצּ ḭPtG ︣ צּ Ḯךּקּ

¸ ︣ ףּ ḭ צּ אל ךּ
Ḯ ḭ ḱ VRE PtG ︢ כֿלּ
צּ אל ךּ Ḯ

¸ צּ ︡ ףּ ḭ ︡ ṇ
צּ ךּ *2Ḯ ︡ ḭNRV צּ ︡ ףּ ḭ

צּ אל ךּ Ḯ

וֹףּ ṇ (FNB Gas)

*1 2011 ṇ (EnWG ) ︡ḭ TSO4 ︣ Ḯאל (NABEG )
ḭ פּ ḭ ︡ שּךּ

*2 טּ FNB ḭ2020 1

: FNB ṇ ( )
Å 2020 1 ḭ טּ FNB ḭ
ṡ2020 -2030 ṇ (TYNDP)Ṣ ךּףּ

︡ ( 5,900km ḭ )Ḯ5
1,200km ךּ

Å ḭ ךּ

41

2.1

:FNBṡFNB Gas VisionąresWasserstoffnetz Ṣ



(5)
2050 ṇ ṇ וֹ

¸ 2020 4 ḭ ḭ (SNBC) ︡ ףּ *1ḭ2030 40% ḭ
2050 75% (1990 ) לּךּ ︡ ךּ Ḯ

ïGHG וֹ Ḯ ḭ ︡ ︣
ï ḭ ︣ ṇ ( Ṗ טּ

ḭ ךּ
ï2019 6 ḭ 5 ḭ ṇ *2 ḭSNBCנּ ṇּצ

¸ ṇ וֹףּ ︡ ḭ ṇ ṇ (GDPּט ṇ
קּ ḭבֿ ṇ Ṗ 2050 ṇ וֹףּ
︡ ךּ Ḯ

*1 ṡ ṇ ṇ (LTECVṖṢ(2015 8 Ṗ 8 173 ḭ ṇ ṇ ︡ ḭ
(Stratĉgienationale bas carboneḲSNBCṖ ṇ צּ וֹ ךּ

*2 GHG ︣ ︡ ḭ ( ṇ Ṗ Ḯ ḭשּ
וֹ אל ךּ

ṇ ( ṇ וֹףּ )

: < https://www.ecologie.gouv.fr/strategie -nationale -bas-carbone -snbc >

Å ṇ Ḯ Ḯ
Å ṇ Ḯ

ṇ
ṥ Ṧ

Å ︣ Ḯ
Å ṇ ︣ ṇ ︣ ḭ ḭ

ṇ ṇ ḭ Ḯ
Å צּ ךּ ךּ ךּ ḭ Ḯ

ṇ
ṥ Ṧ

Å ( ḭ Ṗ ( ḭ ︣ Ṗ Ḯ
Å ṇ Ḯ

42
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(5)
ṡ ṇ Ṣ

¸ 2018 6 ḭ ḭṡ ṇ וֹ *1Ṣ ︡ Ḯ ḭ
ṇ וֹףּ ḭ ḭ ḭ 3 פּ
ךּ ︡ ףּ ḭ ︡ 1 ṇ ︣ ︡ ךּ Ḯ

¸ ︡ ḭ ḭ ︡ ךּ Ḯ

ï ︡ וֹ ṇ
ï ṇ צּ ךּ ︡ ṇ ( Ṗ Ḯוֹ ︡ḭ

︣ כֿ︣ צּ
ï ḱ ḮPower to Gas *2 ṇ

43
: ṡ ṇ וֹ Ṣ<https://www.ecologie.gouv.fr/sites/default/files/2018.06.01_dp_plan_deploiement_hydrogene_0.pdf>

*1 : Plan de dĉploiement de l¢hydrogĈne pour la transition ĈnergĈtique
*2 וֹףּ GRHYD (Engie 11 צּ )ḭ וֹףּ Jupiter 100 (GRTgaz 9 צּ )

2.1



(5)
(2020 9 )

¸ 2020 9 ḭ ḭṡ ṇ ṇ *1Ṣ ︡ Ḯ ḭ
2030 6.5GW ṇ ṇ ︣ כֿ ︢ ḭ600 tCO2
︡ ךּ Ḯ

ï 2030 70 ṇ ḭ ṇ ṇ ḭ ṇ
︣ ḭ ṇ ḱ ṇ ḱ 3 ︡

ï ṇ ךּ ḭ EU ṇ ︡ ḭ

¸ 2020Ṍ2023 34 ṇ ︣ כḭֿצּ לּ 54Ṿּצ ḭ27Ṿּצ ṇ
ḭ19Ṿּצ ḱ ṇ ḱ Ḯ

44
: ṡ Ṣ(2020 9 )<https://minefi.hosting.augure.com/Augure_Minefi/r/ContenuEnLigne/Download?id=5C30E7B2 -2092 -4339 -8B92 -FE24984E8E42&filename=DP% 20 -

%20Strat%C3%A9gie%20nationale%20pour%20le%20d%C3%A9veloppement%20de%20l%27hydrog%C3%A8ne%20d%C3%A9carbon%C3%A9%20en%20France. pdf >

2020 Ṍ2023 34 ṇ
( ) ṡ ṇ ṇ Ṣ

ṇ

ḱ ṇ
ḱ

2.1

*1 : Stratĉgie nationale pour le dĉveloppement de l hydrogĈne dĉcarbonĉ en France
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(5)
FIT( Ṗ

¸ ḭ2011 11 פּ ṇ ︣ ︣ צּ
אל ךּ Ḯ2020 11 צּ אל ḭ אל ךּ Ḯ

¸ ḭ 15 קּ Ḯ
צּ אל Ḯ

¸ ḭ שּ ( ḱ ḱ אל ṇ
צּ ︣ Ṗ ṇ ( Ṗּפ אל ḭ

145 ħ/MWh ( ṇ Ṗ Ḯ

Å ḭ Nm 300צּ 3/h
אל צּ

V פּ אל ḭ
ṇ אל

V אל

Å ︣ צּ
טּ
V ḱ ḱ ךּףּ

￼ḭ אל
︣ ( ṇ

Ṗשּ

ṇ ︣

( Ṗ LĉgifranceṡArrĊtĉ du 23 novembre 2020 fixant les conditions d'achat du biomĉthane injectĉ dans les rĉseaux de gaz naturelṢ MURC

שּ (ħ/MWhṖ ṇú

40
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ṕNm 3/hṖ
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( Ṗḭ
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(6)
2050 ṇ ṇ וֹ Ṍ

¸ 2019 6 ḭ ḭ וֹףּ ḱ ṡ (The Dutch 
Climate Agreement) Ṣ ︡ Ḯ ḭ GHG ︡ 2030 49% (1990

) בֿ ḭ ︡ ︡ ךּ Ḯ

ï 2030 84TWh( 70%) ︣ Ḯ ḭ 2029 *1

ïCO2 ︣ טּ SDE ṇ *2

ïEU-ETS ṇ ︣
ï2030 EV
ï ︡ ︣ ︡ ףּ ḭ2030

*1 2018 5 ḭ ḱ Wiebes ḭ2029 ṇ ︡ Ḯ ḭ 5 לּ ḭ1990
︡ 2 ךּ 2024 ḭ2015 ︡ 3 ךּ 2029 ︣ ︡ Ḯ 2019צּ 7 ḭ12
︡ ḭUniperצּ ︡ ךּ Ḯ

*2 SDE++ לּךּ צּ ( : 300 ħ/tCO2) ḮCCS ( ṇ ) Ḯ ṇ קּ Ḯ

וֹףּ
( ) MURC

0.5GW(2025 )

2020 2025 2030

3Ṍ4GW(2030 )

ṇ (tank station):50
FCEVs: 15,000 לּ) ḭ 3,000 )
ἲ2025

FCV

︣ ︣ (2030 )

3,000 Ṍ4,000 ħ (2030 )
(DEI +)

: ṡClimate Agreement Ṣ<https://www.government.nl/documents/reports/2019/06/28/climate -agreement> 46
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(6)

¸ ḭ וֹףּ ︡ ḭ צּ ךּףּ אל
ךּ Ḯֿכ ḭ ṇ צּ אל ךּ *1Ḯ

¸ ḭ ṇ ︡ ךּףּ צּ
טּ Ḯ ︡ ḭ ךּףּ אל ךּ Ḯ

ï 175PJ/y (=10 m3)Ḯ צ10%ּ
ï ṇ ︡ ṇ ṇ FSּצ

Ḯ אל 510MW *2

¸ ךּףּ צּ ףּ ḭ ︡ ṇ צּ
אל ךּ Ḯ

*1 Gasunie צּ ︣ ︡ ḭ ךּףּ ︡ ḭ ︣
*2 ︣ Nouryon ( צּ( ︣ ḭGasunie ( )ḭTata steel( )ḭBP( )Engie( ḱ

) צּ

: Noe van Hulst ṡThe Netherlands ²Perspective on Clean Hydrogen Ṣ
<https://www.fch.europa.eu/sites/default/files/1%20 -%20Session%20I%20 -%20Van%20Hulst%20%28ID%207452321%29.pdf>

2.1

47



(6)

¸ ḱ ︡ ḭ ḭ וֹ ︡
וֹ ךּ Ḯ

¸ 2020 4 ṡ (Government Strategy on Hydrogen Ṣ ︡ ףּ ḭ ṇ
ṇ וֹףּ *1︣ ḭ ḭ ︣
ךּ ︡ ךּ *2Ḯ

*1 Gasunie ḭ ḭ ṇ
ךּ

*2 כֿ 2020 3 ṡRoadmap Green Gas Ṣ Ḯ¬2050 ṇ לּ 30% º לּךּ
ḭקּ ︡ ṇ ︣ ︡

Å

Å ṇ ︣

ÅGoOs
Å

Å ṇ

Å ṇ
Å ( : ḭRED)
Å ( )
Å

Å

Å ṇ ḭ ṇ ṇ

Å

Å Blending Obligation

Å ( : IPCEIḭPentalateral ForumḭNorth 
Sea cooperation, bilateral cooperation, EC)

Å ( ṇ )
Å ḱ ṇ

: ṡ Ṣ<https://www.government.nl/documents/publications/2020/04/06/government -strategy -on-hydrogen>

ḱ ṇ (H2 )

1: GoOS(Guarantee of Origin) ḭ טּ ḭ Certify ṇ צּ אל ךּ
2: Blending Obligation ḭ וֹףּ טּ ḭ ḭ ︣ טּצּ Ḯ

48
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(6)

¸ Ṅ צּ אל ךּ Ḯ

ï נּ ḭ ṇ ( : H -VISIONḭH2 Magnum) Ḯ ︡ ATR( צּ( Ḯ
︡ צּ אל ףּ ḭ

ï ︡ צּ Ḯ טּ ISPT ḭṡMW Test Centre ṢṡGW Electrolyzer Ṣḭ
ṡHychainṢ 3לּךּ ךּ

¸ ḭ פּ ךּ ︡ ךּ ḮISPT ṡHychainṢ
ḭ ṇ ךּ ︡ ךּ Ḯ

וֹףּ

ṇ

H-VISION Å Rotterdam ךּףּ ATR+CCS פּ ṇ
Å אל ṇ ḭ Ḯ

H2 Magnum Å Magnum CCS ︡ ṇ ︡ GTCC

MW Test Centre Å ḱPEM 250kW נּ ḭGW ṇ וֹ
︣ Ḯ EPCּצ ḭ20 ỆQּפ

GW Electrolyzer Å PEM ḭ ︣ 26 ṇ ṇ
ἲ GW ṇ ︣ כֿ ḭCAPEX ħ1000/kW פּ ḭħ350/kW

Hydrogen 
Valley(HEAVEEN)

Å ḱ
ἲ פּ ︡ ḭ ḭ ḭ וֹ

( ) ṡ 31 ṇ ︣ ( ḱ ṇ וֹףּ ḱ )Ṣ

49
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(7)
ḱ

¸ ṇ ṡ Ṣ טּ ḭ ṇ ḱ
︡ ︡ קּ Ḯ ḭ ḭ2050

ךּ ḭ ḱ ḭ ṡ ṇ ṇ ợỗ Ṣ
︡ ךּ ︡ ךּ Ḯ

¸ 2021 2 ḭ ︡ ךּ Ḯ וֹףּ ḭ2050 ṇ ṇ
ךּ שּקּ ︣ טּצּ Ḯ

50

2.1

ü ḭ 2020 7 ḭ ︡ ḭ ṇ
ṇ ︡ Ḯ שּ 2050 ḭ CO2 ︣ ḭ4 2 ( 215 ) ︣

טּ Ḯ
ü ךּ︡ ︡ ṡARPA -C(Advanced Research Projects Agency 

focused on Climate )Ṣ ︡ ךּ Ḯ
ἲ100% ṇ ṇ לּךּ ︣ ︣
ἲ ṇ ︡ ḭ

ü ︡ ךּ לּ CCUḱCCS ︡ḭ CCUS ḱ
בֿ ךּ Ḯ

ἲ אל ḭ

: <https://www.whitehouse.gov/>



(7)
וֹףּ ṌDOE (H2@Scale)

¸ ṇ (DOE: Department of Energy) ḭ פּ ︣
︣ ḭ ṡH2@Scale Ṣ ︡ ךּ Ḯ

¸ DOE ṡH2@ScaleṢ ︡ ḭ ḱ ṇ ︡
כֿ בֿ ךּ Ḯ

( ) DOE, ¬H2@Scaleº, https://www.energy.gov/eere/fuelcells/h2scale(); DOE, ¬H2@Scale: Enabling affordable, reliable, clean, and secure energy across sectorsº, 
September 2020( ).

H2@Scale
( )DOEṡH2@ScaleṢ

ṇ

ḱ

/ 

ḱ

CCUS
לּ

H2@Scaleּצ ḱ ḱNPO
( )DOEṡH2@ScaleṢ

( Ṟḱ

51
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(7)
DOE

¸ 2020 11 12 ḭDOE ḭṡHydrogen Program Plan Ṣ ︡ Ḯ וֹףּ
ḱ ḱ ︣ ︡ ךּ Ḯ

ṡH2@ScaleṢ וֹ ḭ ṇ ḱ ḱ ︡ḭ
ḱ ︡ḭ ︣ Ḯ

Ḳ
¸ ḱ ḱ ḱ ḱ ḱ
¸ ṇ ︡ḭ ︣ לּ ḱ ḱ
¸ ︣ כֿ
¸ ︡ ṇ
¸

CCUS ḭ ḭ

ṇ ṇ ṇḭ ṇḭ ḭ

( ḭ ḭ Ṗḭ ṇ (
ḭ ḭ Ṗ

ḭ

ḭ ḱ ḭ ḭ ṇ

¸ ṇ ḱ ṇ (EEREṖḭ
ṇ (FEṖḭ ṇ (NEṖḭ ḱ

ṇ (OEṖḭ (SCṖḭ ṇ
(ARPA-EṖ צּ

ṇ
¸ ḭ

ṇ ṇ
¸ ṇ (IEAṖ ḱ ṇ ṇ

(IPHEṖ

2.1
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(7)
DOE

¸ ḱ ḱ לּךּ פּ ḭ ḱ ḱ ḱ ḱ 5 ךּףּ ︡ ךּ
Ḯ

Ẇ
¸ וֹףּ

(SMR)
¸ CCUS לּ ḭ

ṇ ṇ ḭ
¸

¸ ṇ ṇ 1 /kg
︣ כֿ

Ẇ
¸ 10 ḱ

V Ḳ
V ḲSMR
V Ḳ ( ḭ

Ṗ
¸ ḭ צּ

Ẇ
¸ ḱ ḱ

ṇ ︡
¸ ḱ קּ
¸

¸ ḭ
צּ

Ẇ ṇ ṇ ṇ
¸ צּ 1)ךּ / Ṗ

¸ ךּ
︣

¸ ṇ ṇ ṇ ṇ
צּ

Ẇ
¸ / צּ (15Ṍ

30 ) ︣ אל

¸ צּ צּ ךּ
¸ ךּ

Ẇ ṇ
¸ ︣

צּ ךּ
︣

¸

¸ צּ

Ẇ
¸ ︡ אל

לּ ( ḭ
ḭ

Ṗ ︡
¸ צּ

Ẇ
¸

¸ ( ḭ ṇḭ Ṗ
¸ ḭ ḭ ḱ
¸ צּ

Ẇ ṇ
¸ ( Ṗ
¸ ( ḭ Ṗ
¸ ( Ṗ
¸ צּ

Ẇ
¸ ḭ ḭ ḭ ḭ

ḭ צּ

Ẇ
¸ ṇ ḭ
¸ ṇ ḭ ḭ

¸

Ẇ
¸ ṇ ḭ ḭ

ḭ ︡

Ẇ ḱ
¸ ︡
¸ ḭ

Ẇ
¸

¸

Ẇ ṇ
¸ ṇ

2.1



2 וֹףּ
2.1
2.2 ḱ

(1)EU וֹףּ
(2)EU וֹףּ
(3)
(4)
(5)
(6)

2.3 ḱ
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(1)EU וֹףּ
ṇ

¸ ḭ 1/4 פּ ︡ ךּ Ḯ ḭ
וֹףּ ︡ ףּ ḭ ḱ
ḭ ḭ ︡

ךּ ṇ (Nord Stream ḭSouth Stream) ︣ ṇ ךּ Ḯ

¸ ṇ ṇ ףּ ḭṡ ṇ
(Energy Union) Ṣ ḭ Ṅ ︢ ךּ Ḯ

55

2.2 ḱ

: ACERṡ ACER Market Monitoring Report 2019 ²Gas Wholesale Market Volume Ṣ<https://acer.europa.eu/Official_documents/Acts_of_the_Agency/Pages/Publications.aspx>

EU וֹףּ ṇ
( )ACER ( )2019

EU וֹףּ LNG ṇ
( )ACER ( )2019



(1) EU וֹףּ
ḱ

¸ ṡ ︣ (Directive 2004/67/EC) Ṣ ḭ צּ ︡ ḭ
אל ךּ︡ ︡ EU טּ Ḯ

ï2010 (Regulation (EU) No 994/2010) צּ Ḯ2006 2009 ︡ ḱ
ḭוֹ EU ךּ ︡ḭACER ךּ

ï2017 (Regulation (EU) 2017/1938) צּ

56

2.2 ḱ

Regulation (EU) No 994/2010 וֹףּ
ü Regulation (EU) No 994/2010 ḭ2004 אל Directive 2004/67 אל טּ ḭEU

ךּ ︡ ךּ Ḯ
ü ḱ ךּ ︣ ḭ ACERḭENTSO-GḭTSO ḭ

︣ ︡ ךּ
V ḭ ḭ (Preventive Action Plans)

(Emergency Plans) ( 4 )
V ḭ פּ ḭקּ אל נּ ḭ

(Joint Preventive Action Plans) (Joint Emergency Plan) ( 4 (3))
V ḭ 9 אל (risk assessment) ︡ḭ ḭקּ

(infrastructure standard) ( 6 ) (supply standard) ( 8 ) ︣
טּצּ

: <https://eur - lex.europa.eu/legal -content/EN/ALL/?uri=CELEX%3A32010R0994> ḭ<https://eur - lex.europa.eu/legal -content/EN/LSU/?uri=CELEX%3A32017R1938>



(1) EU וֹףּ
ḱ

¸ Regulation (EU) 2017/1938 ḭ ︡ ḭ
ḭ נּ כֿ צּ אל ךּ Ḯ ḭ ḭ ︡

ףּ ḭ ךּףּ צּ ︡ ḭ ︡ וֹ ךּ אל ךּ Ḯ

¸ ḭENTSO-G ︣ ︡ ḭ ṇ ṇ
︡ḭ ( ReCo System for Gas) כֿלּ ︡ ךּ

2.2 ḱ

ENTSO-G 
ṇ

Å ENTSO-G ּצḭ ︡ ḭEU ּךּף צּ ︡ ṇ שּ פֿ 4 ︣ כֿ צּ
( 7 )

Å ENTSO-G ḭ2017 11 ṡSeurity of Supply Simulation Report Ṣ ︣ ṇ

ṇ Å ṇ ḭקּ אל ךּ 2Ṍ5 ּפ פֿ צּ ︣ פּ ḭ ḭ ḭ
ḭ 4 13 ṇ צּ Ḯ ḭ1 ṇ ︡ḭ ṇ ḭ ḭ
ḭ ḭ ︡ḭ לּ צּ אל ךּ ( 3 (7)) Ḯ

Å ṇ ḭ ךּ אל Ḯֿכ ḭ ḭ פּ
︣ כֿ צּ ḭקּ ︡ ︣ Ḯ

Å ḭ ḭנּ ḱ ︡ ḭ ︡
︣ ( 8 Ṍ 10 )Ḯ ḭ ︣ ṇ צּ ︣ (regional chapter) וֹ

ךּ ︡ḭ ḭENTSO-G ṇ שּ ḭ נּ ךּ ︣

ReCo System for 
Gas

Å TSO ḭ צּ ︡ ḭENTSO-Gּצ ︡ ReCo System for Gas ︡ ( 3 )
Å ReCo ṇ ḭReCo Team North West ḭReCo Team South ḭReco Team East 3 צּ אל ךּ Ḯ

Å וֹףּ ︡ ḭ ︡
צּ ( 13 )Ḯ ḭצּ ṇ ︡שּ כֿ ḭ וֹ

︡ פּ כֿלּ צּ וֹ ךּ Ḯ ︡ ךּ ḭ
︢ וֹ Ḯךּ

Å ḭ ︣ ︣ כֿ ︡ ףּ ḭ נּ ︣ Ḯ

Å 14 ḭ וֹ צּ ︣ ḭ נּ אל
לּ ḭ1 ּך ḭ ḭצּ ︣ ︣ צּ אל Ḯ

Å ḭ ( Ḯ)ּפ ḭ ︡ 28% צּ אל טּ Ḯ
ḭ ḭ ḭ 1 ḭ ḭ1 פּ 1 ḭ
טּ

Å 5 ḭ ḭצּ ךּףּ ḭ צּ ︣ לּ אל ךּ Ḯ ḭ
פּ וֹ טּ ḭצּ ︡ כֿשּףּ ḭ ︣ כֿ ︣ טּ Ḯ

ḭ צּ אל ḭצּ ḭ טּצּ ḭ
וֹ טּצּ צּ

: <https://eur - lex.europa.eu/legal -content/EN/LSU/?uri=CELEX%3A32017R1938>
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(2)EU וֹףּ
TYNDP

¸ ṡ EU ṇ ṇ Ṣ(2009 7 ) *1 ︣ ṡEU ṇ
(Regulation (EC) No 715/2009) Ṣ ḭTSO ︣ ︡ ENTSO -
G(European Network of Transmission System Operators for electricity) ︣ כֿ צּ אל

( 5 ) Ḯ

¸ ENTSO-G ḭ2 פֿ ḭ (Community -wide) וֹףּ 10
ṇ ḱ ︡ 10 ṇ (TYNDP: Ten -Year Network Development 

Plan) ḱ ︣ כֿ צּ וֹ ךּ Ḯ

ï TSO ḭ ḭ TYNDP ḭ ḭ ︡ ︣ כֿ צּ Ḯוֹ
ṇ ︣

ïENTSO-Gּצḭ TSOּפ TYNDP

¸ TYNDP ḭ טּ TYNDP 2010  ḭTYNDP 2012ḭTYNDP 2014ḭTYNDP 2016ḭTYNDPקּ
צ2020ּ ḱ אל ךּ Ḯ ףּ ḭENTSO-E ENTSO-Gּצ ︡ ףּ ḭ

פּ אל ךּ Ḯ

58

*1 ṇ ḭṡ2009 EU (Directive 2009/72/EC) Ṣḭṡ2009 (Directive 2009/73/EC) ṢḭṡACER
(Regulation (EC) No 713/2009) ṢḭṡEU ṇ ṇ (Regulation (EC) No 714/2009) ṢḭṡEU ṇ

(Regulation (EC) No 715/2009) Ṣּפ 2 ḱ3 אל

2.2 ḱ

: ENTSO-G Web <https://www.entsog.eu/tyndp>



(2) EU וֹףּ
TYNDP

¸ TYNDP ḭEU ︣ ︡ḭ TSO ︣
כֿ ︣ Ḯ( : ︡ ︣ (Ḯךּ

ïTYNDP ḭ ṇ ךּ Ḯ אל אל
ṇ ︣

¸ TYNDP ךּףּ בֿ ḭ (PCI ḲProject of Common Interest)
︣ ךּ ḮEU (Regulation (EU) No 347/2013)( : TEN-E )

ḭPCIקּ TYNDP פּ אל Ḯ

ï TEN-E ḭPCI ḭ (CBA: Cost Benefit Analysis)
ENTSO-G וֹ

ï ḭ TYNDP ḭENTSO-Gשּ ︡ *2 Ḯֿכ ︡ENTSO-
E ḭ ךּ CBA ḱ ︡ נּלּ TYNDP

ï TYNDPצּ ︡ אל ḭ ḭPCI ḭ ︡

59

ü TYNDP ḭ ḭ
︣ צּ

ü TYNDP 2020 ḭ ︡
National Trends(NT) ḭ Global 

Ambition(GA) ḭ Distributed 
Energy(DE) 3

*1 TYNDP ḭ טּ TYNDP 2010 ḭ2 קּףּ Ḯ TYNDP 2018ףּ ḭENTSO-E ENTSO-Gּצ ︡ ףּ ḭ
ṇ ︡ ךּ Ḯ TYNDP2020 טּ ḭ TYNDP2022ּצ

*2 ḭ PCIצּ אל כֿ ḭ טּ וֹ כֿ צּ
ḭפּ טּ ḭ פּ CEF(Connecting Europe Facility) ︢ וֹ כֿ קּ

TYNDP2020 וֹףּ

DE

NT

GA

2.2 ḱ

: ENTSO-G Web <https://www.entsog.eu/tyndp>



(2) EU וֹףּ
TYNDP

¸ TYNDP ḭ ṇ ךּ ︣ טּ ḭ אל
אל ṇ ︣ טּ Ḯ

︡ (CBAḲCost -Benefit Analysis) וֹ ךּ Ḯ

¸ TYNDP ךּףּ בֿ ḭ (PCI ḲProject of Common Interest)
︣ ṇ Ḯ

ï ḭ PCIצּ אל כֿ ḭ טּ
וֹ כֿ צּ

ï טּ ḭ פּ CEF(Connecting Europe Facility) ︢ וֹ כֿ קּ

60
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*1 2021 12 15 ︡ TEN-E ךּףּ ḭ ḱ ṇ ṇ Ḯ נּ ḭ PCI
ḭצּ ךּ︡ Ḯֿכ ḭ ḭEUּצ ︣ ṇ

︡ כֿשּךּ Ḯ ףּ ḭ ḭךּ ︣ ḭצּ
︣ PCI ︣ ︡ ךּ Ḯ



(3)

¸ 2019 וֹףּ 78.8bcm ףּ *1ḭ2015 ךּ ︡ ךּ Ḯ

ï צּ ︡ ךּ ︡ ḭ צּ בֿ * 2

ï 2019 132.5TWh( 40.9%) Ḯ2013 95.8TWh( 26.8%) ︡ שּקּ
)

¸ ḭ ḭ2000 ṇ 113.5bcm טּ ḭצּ (UKCS)
ḭ2019ךּ 39.6bcm ︡ Ḯ

ï ︣ ḭ2012 ḭ50% (2019 53.2%) ףּ ḭ ṇ
וֹףּ צּ

ï2019 וֹףּ 51.3bcm (LNG: 18.0bcm ḭ 33.2bcm)

61

bcm

LNG 18.0 35.2%

8.8 17.1%

3.1 6.0%

2.9 5.7%

3.2 6.3%

33.2 64.8%

26.6 52.0%

4.7 9.1%

1.6 3.1%

0.4 0.7%

51.3 100.0%

*1 ṇ 7,840PJ לּ ḭ 2,940PJ(=78.8bcm) ףּ ḭ 36.2% ךּ
*2  ḭ (carbon price floor) 2025 ︣ ︡ ḭ
פּ צּ ךּ
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(3)
שּ

¸ ḭ ṇ וֹףּ וֹ 1990 פּ
צּ ףּ ḭ ︡ 2000 צּ אל Ḯ ︡
ḭ אל ךּ *1Ḯ

¸ 2020 6 ךּףּ ︡ ךּ 56 *2 טּ ḭצּ
צּ ḱ ︡ ךּ Ḯ ḭ 6 (Big6)
וֹףּ ḭ2014 4Q ךּףּ 91% ךּ ḭ2020צּ 2Q 59% ︡
ךּ ( British Gas ḭ ךּףּ פ38%ּ 27% ) *3Ḯ

( )Ofgem Web <https://www.ofgem.gov.uk/data -portal/retail -market - indicators> 62

*1 Ofgem ḭ ḱ וֹףּ ︡ Ḯ2002 2 אל ṡReview of 
domestic gas and electricity competition and supply price regulation ²Conclusion and Final proposals Ṣ ךּףּ ︣ צּ אל
*2  56 לּ ḭ49 צּ ḱ Ḯ 2 ḭ 5
*3 British Gas ḭEDF ḭE.ON ḭnpower ḭScottish Power ḭSSE 6 Ḯ Ofgemףּ ḭ ḱ ךּףּ
צּ קּ ︡ ךּ כֿ ︡ Ṅ ︣ כֿ ︢ ḭ קּ

וֹףּ ( )

Big6

2.2 ḱ



(3)
וֹ

¸ 2017 10 ḭ ḱ ṇ (BEIS) ḭṡGas Security of Supply -A strategic 
assessment of Great Britain`s gas security of supply -Ṣ ︣ ︡ Ḯ

¸ ḭ וֹףּ ךּ ḭBEIS וֹ CEPA צּ ︡
ḭנּ ḱ ︡ טּ Ḯ

¸ BEIS ḭֿכ נּ ︡ ḭ¬ פּ ºḭ¬LNG
ºḭ¬ º שּךּ פּ ︡ ךּ Ḯ

פּ ḭ ḱ ḭ ︢ ︣ טּצּ Ḯ
ṇ צּ אל Ḯ

Å ṏ ︡ḭ שּ Ḯךּ ךּףּ ḱ ḭ
אל טּצּ ḭ צּ אל שּ Ḯךּ

Å ṏ ḭ ︣ כֿ צּ קּ Ḯ

LNG ḭ
︡

︡

LNG צּ כֿ ḭ ḱ ︣ כֿ צּ Ḯ
Å LNG ṏ (shippers) ︣ ךּ︡ ︡ḭLNG ṇ ︣ Ḯ
כֿ ḭLNG ︡ ︣ Ḯ

Å GB ṏLNG בֿ ︣שּ כֿ ḭGB ︣
ḭ כֿ︣ צּ Ḯ

Å LNG ṏּ︡︡פḭLNG ︡ḭ ︡ כֿשּךּ צּ טּ Ḯ

( : ṇ ḭ ) ︢ ḭ ︣
︣ כֿ טּ Ḯ

63
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וֹ

: BEISṡṡGas Security of Supply -A strategic assessment of Great Britain`s gas security of supply -Ṣ

( )BEISṡGas Security of Supply -A strategic assessment of Great Britain`s gas security of supply -Ṣ



(4)

¸ 2019 וֹףּ 88.7bcm ףּ *1ḭ2015 ︡ ︡ ךּ Ḯ

ï ḭ צּ *2

ï 2019 91.9TWh( 14.9%) Ḯ2014 61.1TWh( 9.7%) פּ 5

¸ 5.3bcm טּ ḭ שּקּ ṇ ךּ Ḯ

ï טּ ḭ2019 109.6bcm ךּ Ḯ פּ
55.6bcmצּ 50% ךּ *3

64

*1 ṇ 13,140PJ לּ ḭ 3,190PJ(=88.7bcm) ףּ ḭ 24.3% ךּ
*2 צּ אל ךּ כֿ טּ ḭ Ḯ ṇ ṇ טּ

ךּ 2038
*3 פּ ḭ LNG ךּ
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109.6 100.0%

55.6 50.7%

27.8 25.4%

23.4 21.3%

2.9 2.6%

109.6 100.0%
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( )BP 2020 MURC



(4)

¸ ḭ2006 2009 ︡ ḱ וֹ ︣ קּ
טּ ḭ2019 ḭ ︡ פּ 55.6bcm ḭ 109.6bcm

50% ךּ Ḯ

¸ וֹףּ ︣ טּ Ḯ

ï צּ אל ךּ כֿ טּ Ḯ וֹףּ ṇ ṇ ︡
(2015 97%) ︡ ףּ ḭ2017 11.5% ךּ

ï ṇ ṇ טּ ךּ 2030

¸ ḭ צּ ︡ ךּ ḭ שּ צּ
טּ Ḯ ḭ וֹףּ ṇ ḭךּ פּ צּ
ךּ ṇ צּ ︡ ךּ Ḯֿכ ︡ ḭ

︡ (re -dispatch) צּ אל Ḯ︡ צּ ḭ
︣ צּ ︣ טּצּ Ḯ

65
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(4)
שּ

¸ 1998 ṇ 1996 EU אל ︣ לּ
צּ אל ףּ ḭ1998 צּ אל Ḯ

¸ שּ ṇ ṇּצ ︡ ףּ 1,000 ︡ ךּ לḭּצּ 9
10 טּ Ḯ

66

Ṍ
(2019 12 )

2.2 ḱ
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6.0% 4.5% 3.1% 2.6% 1.9% 1.6% 1.2%

2.3%
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59.2%

58.4%

34.5%

26.7%
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14.6%
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2.3%
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24.7%

46.7%
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100
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( )BNetzAḭBKartAṡMonitoring Report 2020 Ṣ

וֹףּ ︣

צּ ṇ ︣ (2019
12 )

ṇ ṇ (MP) 1,000צּ Ṍ10,000
507צּ ( 52%) Ḯ MP צּ

100,000 נּ 24 ( 2.5%)
ἲֿכ 24 צּ ︣ MP 4

Å10 פּ︡ ṇ ︡ ךּ
437 ( 44.0%)

Å 1ףּ פּ︡ ṇ ︡ ךּ
152 Ḯ
ἲ ḭ 500
ṇ ︣ 49 ( 4.9%)



(4)
︣

¸ ḭ ṇ (EnWG) 51 (1) ḭךּ (BMWi) ḭצּ
ṇ וֹףּ ︣ ךּ Ḯ ךּ

ṇ ךּ ךּ ḭצּ ︡ ¬ ḱ ṇ ºḭ¬
ךּ ºḭ¬LNG ṇ º ︢ ךּ Ḯ

¸ 2019 2 ḭBMWi ḭLNG ︣ - ︡ Ḯ
ךּףּ ḭ ṇBMWi ḭ וֹףּ LNG ︡ ḭ
LNG ︣ ḭEnWG ḭTSO ︡ḭLNG ṇ

ḱ ṇ ︣ וֹ ︡ Ḯ כֿ
︡ ḭTSO ṇ ︡ ︡

קּ ︡ Ḯ

¸ 2015 6 ḭBMWiּפ וֹ BBH TU Berlin ḭṡPossibilities to 
improve gas security and crisis prevention via regulation of storage (strategic reserve, storage 
obligations), including the costs and the economic effect on the market Ṣ ︣ ︡ Ḯ
ἲ ḭ וֹףּ צּ ︣ ךּ ḭ

(Strategic Reserve) (storage obligation) 2לּךּ ḭ
ךּ ︡ ךּ
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(5)
ṇ

¸ 2019 וֹףּ 43.4bcm ףּ *1ḭ2015 ︡ ךּ Ḯ
טּ ḭ ︣ ךּ Ḯ

ï2019 וֹףּ 60.1bcm( : LNG 22.9bcm ḭ 37.2bcm)

*1 ṇ 9,680PJ לּ ḭ 1,560PJ(=43.4bcm) ףּ ḭ 16.2% ךּ

( )CRE Web ḭBP 2020 68

bcm

LNG 22.9 38.1%

6.9 11.5%

4.4 7.2%

3.6 6.0%

3.1 5.1%

4.9 8.2%

37.2 61.9%

19.3 32.1%

7.8 13.0%

4.4 7.3%

5.8 9.6%

60.1 100.0%

2.2 ḱ



(5)
שּ

¸ ḭ1998 EU (Directive 98/30/EC) ḭ2000וֹ 8 פּ ḭ ḱ
ḭ 1,855 m 3 ︣ צּ אל Ḯ

ïLaw no. 2003 -8*1 ḭקּ 2003 8 650 m 3 צּ Ḯ2004 7
שּ (︣ ḱ צּ(

ïLaw no.2003 ḭ2007ךּ 8- 7 צּ

¸ ḭ ḭ צּ ︣ ךּ *2,3Ḯ

*1 2003 1 3 ḱ ṇ ︣ (Law no. 2003 -8)
*2 וֹףּ ḭ פּ ךּ Ḯ צּ אל (Incumbent Supplier)
טּ Ḯ (= ) ︡ ךּ ḭ כֿ

30MWhצּ 3* ḭ 150MWhצּ ︡ ḭ קּ קּ צּ

69

2.2 ḱ

וֹףּ

ü ḭ שּ︡
2 פּ ︣ כֿ צּ Ḯ ḭ

שּ︡ 2 פּ
ü ḱ ḭ ḭשּ

צּ Ḯ ︡ נּ ḭ שּ EDF ︣
צּ Ḯ ḭ ︣

︣ צּ ךּ

נּ



(5)

¸ 2019 וֹףּ 36.8bcm ףּ *1ḭ2015 ךּ ︡ ךּ Ḯ

ï צּ ︡ ךּ ︡ ḭ צּ בֿ
ï 2019 71.0TWh( 58.7%) Ḯ2015 45.6TWh( 41.7%) ︡ שּקּ

)

¸ ḭ ḭ2010 ṇ 75.3bcm טּ ḭצּ ḭךּ
2019 28.1bcm ︡ Ḯ

ï ︣ ḭ2018 ḭ100% ףּ (2019 76.2%) ḭ
ï2019 40bcm ( ṇ25.3bcm ḭ 8.0bcm ḭ 6.7bcm)

70

*1 ṇ 3,510PJ לּ ḭ 1,3300PJ(=36.8bcm) ףּ ḭ 37.8% ךּ

( )BP 2020 MURC
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2 וֹףּ
2.1
2.2 ḱ
2.3 ḱ

(1)EU
(2)EU וֹףּ ṇ ṇ ṇ
(3) ( )
(4) ( )
(5) ( )

7171



(1)EU
EU

¸ EU ḭ 1990 ḭ ṇ ︡ḭ ḱ
קּ Ḯ
ἲ3 ṡ ṇ ︣ Ṣ ︢ ḭ

(TPA: Third Party Access) ḭ Ḯ

¸ ךּ ḭ ḭ קּ Ḯ2003 EU
ḭ2004 7 1 ḭאל 2007 7 1

︡ ḭ ︣ כֿ צּ אל ( 23 1 )Ḯ

72

EU

TPA

1998
EU

Å ︣
צּ וֹ

Å ¬ ºּצ

2003 2
EU

Å ︣
צּ וֹ

Åṡ2005 ︣ (Regulation 
(EC) No 1775/2005) Ṣ ︢ TPA צּ
ἲ ︡ḭ ︡שּאל Ḯ
ἲ צּ ︣ פּנּ ḭ צּ

ḭ כֿ צּ

2009 3
EU

Å ︣
( 9 )ḭISO ( 14

) ITO ( 17 Ṍ 23 
) לּ ￼ךּ פּ וֹ

Å ¬ TPAºּצEU וֹףּ טּ
כֿ Ḯ ḭ פּ

צּ
ἲ EU אל ךּ LNG

ךּ ḭ 3 ︡ḭ
Ḯ

2.3 ḱ

: Directive 2003/55/EC < http://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX%3A32003L0055 >

( )EU



(1)EU
EU וֹףּ

¸ EU ḭ ṇ (ACER)ּצḭ ḭEU ḱ ︣
︡ (MMR) ︡ ףּ ḭEU ḱ ךּ

ךּ Ḯ

ï ( ): EU28 לּ ḭ16 ךּףּ פּ צּ
ï ( )Ḳ EU28 לּ ḭ6 ךּףּ פּ צּ

73

2.3 ḱ

: ACER/CEERṡAnnual Report on the Results of Monitoring the Internal Electricity and Natural Gas Market in 2019 Ṣ
< https://acer.europa.eu/Official_documents/Acts_of_the_Agency/Pages/Publications.aspx >

( ) וֹףּ
( )ACER

( ) וֹףּ
( )ACER



(1)EU
EU וֹףּ

74

2.3 ḱ

וֹףּ
( )ACER

וֹףּ

üACER ḭ ḭ וֹףּ ךּ
︡ ךּ Ḯ

( ) וֹףּ
( )ACER

צּ אל ךּ

( )

: ACER/CEERṡAnnual Report on the Results of Monitoring the Internal Electricity and Natural Gas Market in 2019 Ṣ
< https://acer.europa.eu/Official_documents/Acts_of_the_Agency/Pages/Publications.aspx >



(2)EU וֹףּ ṇ ṇ ṇ
ṇ ṇ ṇ ḱ

¸ ḭ2024 5,100 ṇ ṇ ṇ (EU :44%) ︡ ךּ Ḯ

¸ EU (Directive 2012/27/EU) ḭEUקּ צּ ︣ ḭ
ṇ ṇ ṇ צּ אל ךּףּ ḭ ṇ ṇ ṇ
︣ טּצּ Ḯ

ï 2019צּ ︡ ṇ ṡEuropean smart metering benchmark -Final Report -Ṣ ḭEU
ḭצ25%ּ ṇ ṇ ṇ וֹ נּ ︡ ךּ Ḯֿכ צּ
ṇ ṇ ṇ ךּ ḭ ︣ ︡ ךּ

ï ḭ ḭ ḭ ḭ ḭ ḭ ךּףּ ṇ
ṇ ṇ ךּ

ï 2018 1 וֹףּ ṇ ṇ ṇ ḭ 46.6% צּ שּ ךּ

75

2.3 ḱ

ṇ ṇ ṇ ḱ

(FR) 2016Ṩ2022 90%

(IE) 2019Ṩ2024 100%

(IT) 2008Ṩ2023 85%

(LU) 2016Ṩ2021 90%

(NL) 2014Ṩ2020 80%

(UK) 2012Ṩ2020 100%

: ṡEuropean smart metering benchmark -Final Report -Ṣ

EU וֹףּ ṇ ṇ ṇ (2018 1 )

2017 2017
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(3) ( )
Smart Metering System

¸ ḭ ṇ ṇ ṇ (Smart Metering Implementation Program) ḭקּ
2020 ︡ ṇ ṇ ṇ ︣ ︡ ךּ Ḯ2011
אל ḭ2016 11 פּ (main install stage) ︡ ףּ ḭ ṇ
ṇ ḭ ṇ ṇ ṇ ךּ Ḯ

¸ Smart DCC *1 ḭ 2013 ḱ ṇ (DECC) *2 ḭSmart Meter 
Communication Licence אל ḮDCC ḭOfgem ḭ ṇ ṇ ṇ

︣ ךּ Ḯ

¸ ṇ ṇ ṇ ḭDCC ︣ ṇ ︢ ḭ ḭ ṇ ḭ
ṇ ṇ אל *3Ḯ

( ) <https://www.gov.uk/government/publications/smart -metering - implementation -programme -information - leaflet>
DCC Web <https://www.smartdcc.co.uk/about/>
Smart Meter Communication Licence
<https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/554644/Annex_C_Draft_legal_t ext _for_the_DCC_Licence.pdf>

*1 Capita 100%
*2 ḭBEIS ךּ
כֿ 3* ṇ ךּ ︡ ףּ ḭ ṇ ṇ(National Cyber Security Center)
אל ךּ

2.3 ḱ
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(3) ( )
Smart Metering System

¸ אל ḭ ṇ ṇ ṇḭ (In -home display) ḭ
(Communication Hub) אל Ḯ

¸ ṇ ( DCC: Data and Communications Company) ḭ Smart Metering System
DCC ṇ ( ḭ ṇ ) ︣ Ḯ

ἲDCC ḭ Smart DCC ḭנּ ṇ ︡ Arqiva Ltd ḭTelefonica UK Ltd ḭ ṇ ṇ
︡ CGI IT UK Ltd צּ Ḯ

¸ DCC ︢ ︢ ḭ צּ ךּ Ḯ
ἲ ḭ ṇ ṇ ︢ צּ Ḯ

ἲ ṇ ḭ ḭקּ צּ Ḯ

: Web < https://www.gov.uk/government/publications/the -smart -metering -system -leaflet >
DCC Web <https://www.smartdcc.co.uk/about/>

ṇ ṇ

ṇ DCC ṇ

ṇ ṇ ṇ
( )

ṇ ṇ ṇ
( )

ṇ

ṇ

ṇ
( ḱ )

ṇ
ṇ ṇ

Smart DCC

2.3 ḱ



*1 ḭ ṇ ṇ ṇ ṇ Traditional Smartּטּצ ḭ ṇ ṇ( צּ ) ︣ Ḯ
Traditional Mode ḭ צּ קּ ḮTraditional Modeךּ ḭ צּ נּ

Smart Mode צּ קּ ḭךּ ṇ ḭ טּצּ ḮTraditional Mode ḭ ṇ ṇ ṇּצ קּ ךּ
כֿךּ ḭנּ טּצּ SMETS2 ︡ וֹ צּ ךּ Ḯ

(3) ( )
Smart Metering System

¸ BEIS ḭ4 ṡSmart Meter Statistics Ṣ ךּףּ ḭ ṇ ṇ ṇ ︡ ךּ Ḯ

ïBEIS ḭṡSmart Metering Implementation Programme Ṣ ︡ ḭ ṇ ṇ ṇ Ḯ2024 ḭ
ṇ ṇ ṇ ︡ ךּ

ï 2020 ךּףּ ḭ ḱ ︡ 2,225 ṇ ṇ ṇ( צּ(
︡ ךּ ( ṇ ṇ ṖḮּל ḭ 1,800 צּ ṇ ṇ *1 אל ךּ

ï 2020 ṇ ṇ ṇ צּ Ḯ ḭ צּ

2020 ṇ ṇ ṇ( ḱ )

2.3 ḱ

: 16

( ) BEIS ,ṡSmart meters in Great Britain, quarterly update September 2020 Ṣ

: 16

ṇ ṇ ṇ ( : )
2020 ṇ ṇ ṇ ( : )

78



(4) ( )
ṡ ṇ וֹףּ Ṣ

¸ ṡ ṇ וֹףּ Ṣ ḭ ṇ ṇ ṇ ḱ וֹ
︡ ךּ Ḯ ḭ2017 אל ḭ2032 Ḯ

ï ṇ ṇ ṇ ḱ ḭEnWG קּ ṇ (ĖrtlichenNetzbetreiber )ḭ︣
(DSO) Ḯ 3 ṇ ṇ ךּ

ïṡ ṇ וֹףּ Ṣ ︣ ṡ ṇ ṇ וֹףּ
ṇ ( MsbG ) Ṣ ḭ ṇ ︣ ḭṡ ṇ ṇ ṇṢ

ṡ ṇ ṇ ṇ ṇ (SMGWs)Ṣ ︣ ךּ︡ ךּ

¸ MsbG ḭ ṇ ṇ ︣ ︡ ḭ ︡ ךּ Ḯ
ἲ ( iMSys: intelligentes Messsystem )
ἲ (mME: Moderne Messeinrichtung )
ἲ ṇ ṇ ṇ ṇ (SMGw: SmartMeterGateway )

( )BMWi Web < https://www.bmwi.de/Redaktion/EN/FAQ/Smart -Meters/faq -smart -meters.html >
BNetzA Web
<https://www.bundesnetzagentur.de/DE/Sachgebiete/ElektrizitaetundGas/Verbraucher/NetzanschlussUndMessung/SmartMetering/SmartM ete r_node.
html> 79

2.3 ḱ

Ferraris meters 
( )

mME iMSys SMGw

( ︡ (ךּ ( ︡ ךּ )

Å

Å 2 ṇ
( ḭ ḭ ḭ )

Å ︣ כֿ
ḭiMSys

ṇ

Å

Å ṇ ( ḭ
ḭ ḭ )

Å ṇ ṇ ṇ

Å 1 ṇ
Å ṇ ṇ ︡

ṇ

ḭ ṇ צּ
︡

( Ḳ ṇ )
שּ︡

אל

SMGw
( ḭ שּ︡

)

ṇ ṇ

https://www.bmwi.de/Redaktion/EN/FAQ/Smart-Meters/faq-smart-meters.html


(5) ( )
ṇ ṇ ṇ ḱ

¸ ḭ ṇ ṇ ṇ (large -scale roll -out) ︡ EU 6 * 1 לּ
1 טּ Ḯ ṇ ṇ ṇ צּ אל ḭ ךּףּ צּ

אל ךּ Ḯ

¸ וֹףּ ṇ ṇ ṇ ḭ2023 וֹףּ 85% טּ Ḯ2018
ḭ34.7%( :770 ) ךּ Ḯ

ï 2019צּ ︡ ṇ ṡEuropean smart metering benchmark -Final Report -Ṣ ḭ 2024
ṇ ṇ ṇ ︣ כֿ צּ ךּ

¸ ḭ ṇ ṇ ṇ ךּ ḭ ṡLegislative Decree 102/2014 Ṣ
ḭ ︡ ךּ Ḯ ṇ ṇ ṇ ṇ ךּ ḭ צּ אל ךּ ךּ
ḭ (DSO) ךּ Ḯ

וֹףּ ṇ ṇ ṇ פּפּ

2.3 ḱ

: ṡEuropean smart metering benchmark -Final Report -Ṣ

( ) ṡEuropean smart metering 
benchmark -Final Report -Ṣ MURC

2023

85%

ṇ ṇ
(2018 )

2,220

ṇ ṇ ṇ
(2018 )

770

ṇ ṇ ṇ

(2018 )

34.68%

*1 ḭ ḭ ḭ ḭ ḭ 6

ṇ ṇ ṇ פּפּ

( ) ṡEuropean smart metering benchmark -Final Report -Ṣḭ ḱ

( )

( )
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3
3.1 ṇ

(1) ṇ
(2)

3.2 CCS/CCUS
3.3 ḱ ṇ ḭPower to Grid
3.4

8282



(1) ṇ

¸ ṇ ṇ ḭ ṇ ḭ ṇ
ṇ ṇ וֹ ︡ ךּ Ḯ

¸ ḭ וֹףּ וֹ לּךּ פּ ḭ צּ ︡
︡ ךּ ךּ ︡ Ḯ ḭ

ï ḱ ṇ: Royal Dutch Shell( ḱ )ḭBP( )ḭTOTAL( )ḭEquinor ( ṇ)
ï ṇ : Centrica( )ḭEngie( )
ï ṇ : National Grid ESO( )ḭGas Network Ireland( )ḭGasunie ( ) ḭ
EnagĂs( )

83

3.1 ṇ



(1) ṇ
Royal Dutch Shell

¸ Royal Dutch Shell( ) ḭ ︡ ףּ ḭLNG ṇ ṇ ︡
︡ ךּ Ḯ ṇ ṇ -LNG(CN -LNG) ︡ טּ ḭ צּ

שּ ︡ ךּ Ḯ

¸ 2030 ︡ ףּ ḭ 20 וֹפּ 20 ḭ
︡ ︣ ךּ Ḯ

ï צּ ︡ ḭ פּ ḭ כֿךּ︡ Ḯ ḭCCUS
ṇ ︡ ḭ ḱ ︣ ︡ ךּ

ï ḭנּ EV ︡

¸ 2018 4 ︡ ṡShell Energy Transition Report Ṣ ḭ 2ṹ ︣
︡ Sky ︡* 1 ḭ ︡ ךּ * 2Ḯ

ïSKY ḭ2030 EVצ50%ּ Ḯ2050
ï ṇ ︣ ḭ ḭ2040 50% Ḯ

ḭ2025 2%ḭ2030 1.5% ḭ2030 פּ 0.5%

: ShellṡShell Sustainability Report 2018 Ṣ(2019) ḭ Shell Web <https://www.shell.com/energy -and - innovation/the -energy -future/scenarios/shell -scenario -sky.html>
84

3.1 ṇ

כֿ 1* ḭMountains ḭOceans צּ ︡
*2 2020 9 ︡ ḭCOVID-19 ḭ2030 ︡ 3 ( Waves world ḭ

Island world ḭ Sky world

Å2018 ḭ 72 ︣ Fast Utilitiy ︡ḭ ︣ ṇ
Å2018 ḭ ṇ ︣ GI Energy Ḯ
Å2019 2 ḭ ṇ ṇ וֹ ṇ ṇ ︣ Sonnen

EV Å2017 ḭ EV ṇ 1 טּ NewMotion
Å ḭ ḭ ךּףּ ḭShell recharge EVלּךּ ṇ Ḯ ḭ ṇ
טּ IONITY ḭ 10
Å2018 ḭShell Ventures EV Ample ḮAmple ḭ ṇ ṇ ךּ EV

ÅShell Foundation ︢ ḭ ṇ ︡ ︣ ︡ ךּ ṇ
Aceleron

EV וֹףּ

( )Shell MURC



(1) ṇ
BP

¸ BP( ) ḭ ︣ ḭ ḭEV ︡ ︡ ךּ Ḯ
︡ ḭ ḱ ḭ וֹףּ ḭ

ḭ ṇ בֿ ךּ *1Ḯ

¸ 2020 2 ḭ CEO ḭ2050 וֹ ︡ ḭ ḱ ḱ ṇ
פּ אל CO2 2050 Net Zero ︣ כֿ ︡ Ḯ 2020 9 ḭ

ṇ ︡ ︡ ṡBP Energy Outlook 2020 Ṣ ︡ ךּ ( )Ḯ

¸ BP ḭ וֹ ṇ ךּףּ ḭ (reduce) ḭ (improve) ḭ (create)
3 אל ṇ ṇ ךּ ךּ Ḯ

*1 ︡ ḭ ṇ ︣ ḭשּ ︡ ḭ ṇ ḭ CCUS
ךּ︡ ḭ פּ ךּ ︣ ḭ ḭוֹ בֿ ךּ

85

3.1 ṇ

: BPṡBP Sustainability Report 2018 Ṣ(2019 4 )ḭBP Web < https://www.bp.com/en/global/corporate/news -and - insights/press -releases/bernard -
looney -announces -new -ambition -for -bp.html >

( )BP MURC

2025
2025 GHG 350 t

=0.2%

Å ︡ LNG
Å ṇ ṇ ( : Lingen )
Å ( : Whiting )
Å ṇ פּ ṇ CO2 (

Brudhoe Bay )

פּ ḭ

︣ ṇ ḭ

Å (BP Biljet )
Å CCUS ︣ ḭ
Å BP Chargemaster ︢ EV ṇ

ḱ ṇ
(5 / ) 

OCGI (Oil and Gas Climate Initiative)
ḱ

Å ḱ ṇ ︡ ḭ ḱ ḭ ḭ ḭ

Å לּ ḭ2 / ṡ Ṣḭṡ ḱ
Ṣḭṡ ṇ Ṣḭṡ Ṣḭṡ Ṣ 5

︡

וֹ ṇ וֹףּ ṇ ṇ



(1) ṇ
TOTAL

¸ TOTAL( ) ḭ טּ Ḯ2019 4 ḭ ḱ
(IGRP) ︡ ףּ ḭ ḱLNG ḭ ḱ ︡ ṇ ︡ ךּ Ḯ
ἲ ḭ ︡

¸ ḭ ︡ ṇ ḭ ḭ ḭ
ṇ ṇ ︡ בֿ ףּ ḭ ṇ ṇ ︡ ךּ Ḯ

ï ṇ Ḳ ṇ ḭ ḭLNG
ï : ṇ ṇ וֹףּ ṇ
ἲ פּ ḭ ︣ ḭ ḭ

ï : ︡ḭ פּ Ḯ
ï ṇ ṇ : ︣ ṇ ṇ ḭ CCUS ︢ ḭ

︣

:TOTAL ṡIntegrating Climate into Our Strategy Ṣ(2019 11 )<https://new -publications.total.com/Fluidbook/Total - integrating -Climate -Into -Our -Strategy -November -2019/> ḭTOTAL
ṡGetting to Net Zero Ṣ(2020 9 )<https://www.total.com/sites/g/files/nytnzq111/files/documents/2020 -10/total -climate -report -2020.pdf>

TOTAL 2050

86

3.1 ṇ

Scope

STEP1 2050 ( שּ︡ ḭ
ךּ )

Scope1 +2 ṇ

STEP2 2050 ( שּ︡ ḭ
ךּ )

Scope1+2+3 ṇ ︣

STEP3 2050 Scope1+2+3 ṇ ṇ ︣ ︡ ḭ
שּ 60% ( )

TOTAL
ü2020 5 ḭ ḭ2050 בֿ ︡ Ḯ
ü ḭSTEP3וֹ ךּףּ ︡ ṡ 60% Ṣ ︣ ḭ ṇ צּ

︡ ךּ Ḯ
ἲ ḭ ṇ ḱ 40%ḭ ( ḭ שּ︡ פּ אל ṇ )
40%ḭ 20% כֿ) לּ צ15%ּ ḭ5%ּצ )

( )TOTAL MURC
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¸ Equinor ( ṇ) ḭ ḱ ︡ ︡ ḭ
קּ ︡ ךּ Ḯ

¸ 2020 2 ḭ ḭ ḭ ︡ ṡClimate Roadmap Ṣ ︡
*1 Ḯ ṇ ḭṡ2050 50% (2019 )Ṣ︣ ︡ ףּ ḭ

ṇ ︡ ךּ Ḯ

¸ ḭ GHG ︡ Ḯ

ï ṇ Scope 1 2 GHG ḭ2030 40% ḭ2040 70% ￼ךּ) 2005 )︡ḭ
2050

ï2030 ṇ ṇ ṇ ṇ

(1) ṇ
Equinor Ṍ ḭ

*1 ṡEnergy Perspectives 2019 Ṣ ךּףּ אל ¬2ṹ º Renewal Scenario ḭ2050 ḭ
ḭ 10% ךּ Ḯ ףּ ḱ פּפּ ￼ḭ פּ וֹ ṇ קּ

ךּ ḭ ḱ צּ ︡ ךּ Ḯ 2ṹ ︣ ḭ ṇḭ CCUS ṇ
ṇ צּ ︣ כֿ צּ ︡ ךּ

Å ṇ וֹףּ 2005 40% (500 )

ÅEU-ETS ḭ ḱ וֹףּ ( ṇ ṇ )
2030

Å ṇ וֹףּ 2005 70% (900 )2040

Å ṇ וֹףּ וֹ

Å 2019 50%
2050

: Equinor ṡ2019 sustainability report ṢḭṡClimate Roadmap Ṣ(2020 2 )< https://www.equinor.com/en/news/2020 -02-06 -climate -roadmap.html >

Equinor

3.1 ṇ

( )Equinor MURC
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(1) ṇ
Equinor Ṍ ︣

¸ ḱ ṇ Equinorצּ Ḯֿכ
︡ḭ2050 ṇ ︣ ḭ פּ ṇ
CCUS ךּ Ḯ

ÅNortH2 ( Ṗ
V RWE ḭShell ḭGroningen Seaports ḭGasunie ḭ

ṇ Ḯ
V ︡ ︣ ḭ

ṇ Ḯ
V 2030 4GWḭ2040 10GW
︣Ḯ

ÅH21North of England ( Ṗ
V פּ ︣ 370

4 ṇ ︣ Ḯ
V CCS GHG ךּ ṇ ︣ Ḯ
V 2023 FEED/EPC ḭ2028 פּ Ḯ

Å ( Ṗ
V Vattenfall Gasunie Ḯ
V Vattenfall ︣ Magnam

פּ ︣ Ḯ
V 400 tCO2 טּצּ Ḯ

ÅH-vision ṇ ( Ṗ
V פּ ︣ Ḯ
V ︣ CO2 CCS אל Ḯ

ÅṡZero Carbon Humber Ṣ ( Ṗ
V נּ Ḯ

ÅNorthern Lights project
V ṇ CCS ḭShellḱTotal Ḯ
V ḭ אל CO2ּצ אל

ḭ פּ 2,500m אל אל Ḯ
V 2024 פּ 150 / CO2 צּ ︣ Ḯ

CCUS

( ṖEquinor Web

NortH2

3.1 ṇ

: Equinor ṡ2019 sustainability report ṢḭEquinor Web < https://www.equinor.com/en/news/20201207 -hydrogen -project -north2.html >



(1) ṇ
Centrica Ṍ

¸ Centrica *1 ḭ ︡ ḭ ︣ ṇ טּ Ḯ ḭ 2019 4
︡ ṡ2030 טּ (Our 2030 Responsible Business Ambitions) Ṣ ךּףּ ḭ
︣ ︡ ךּ Ḯ

ï פּ צּ ṇ ︣
ï ḭṡ Ṣḭṡ ṇḱ Ṣḭṡ Ṣ וֹ

אל ךּ Ḯ

*1 ḭ ḱ ḭ ṇ ṇ ( ḱ ) Ḯ ḱ ḱ ḭ2020

(2022 or2025 ) (2030 )

2015
15% לּ) ḭ ḱ ṇ
︡ 2%)

2015 25%
לּ) ḭ ḱ ṇ ︡

3%)

ṇḱ 4GW ḭ ḭ
ṇ

7GW ḭ ḭ
ṇ

2025
35%

︡ טּ כֿ ︡ḭ
2050 ḱ ︣

: Centrica ṡOur 2030 Responsible Business Ambitions Ṣ(2019)< https://www.centrica.com/Story/Our -Responsible -business -Ambitions/ >

2030 טּ וֹףּ

89

3.1 ṇ

( )Centrica MURC



(1) ṇ
Centrica Ṍ

¸ וֹ ḭ ḭ ṇḱ וֹ
︡ ךּ Ḯ

וֹ
Å ṇ ṇ ṇ ḱ ṇ ṇ ṡHiveṢ

- ṇ נּ
- ṇ ṇ ṡHiveṢ ḭ

Ḯ 30

Å ṇ
- ︣ כֿ ḭ

Å ṇ וֹףּ ṇ
- 2030 ṇ ︡ ḭ3

ṇ כֿ︣ ︡

ṇḱ

וֹ

Å ṇ ḱ
- (PPAḲ

Power Purchase Agreement)
- 100% ︡ ṇ ḱ

- פּ וֹ ḭGHGצּ Scope2
ḭךּ CO2

︣ ︣ כֿ צּ

¸

- 2030 ḭ 7GW ( ḭ
ṇḭCHPḭ )

¸ ṇ
- ṇ ︣ PPA

¸ ṇ ḱ ( ṇ פּ אל
)ṧ 100Ṿ

- אל 10Ṿ ḭ ṇ
ṇ (GGCSḲGreen Gas Certification 

Scheme) וֹףּ (RGGOḲ
Renewable Gas Guarantees of Origin) ḭ

ṇ פּ אל
90Ṿ ḭ Climate Care ḭ

VCS(Verified Carbon Standard) אל
וֹףּ (

) פּפּ
אל Ḯ

90

3.1 ṇ

: Centrica ṡOur 2030 Responsible Business Ambitions Ṣ(2019)< https://www.centrica.com/Story/Our -Responsible -business -Ambitions/ >

( )Centrica MURC

וֹ
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(1) ṇ
Engie Ṍ ḭ

¸ Engie( ) *1 2050 85% ︣ 2017 בֿ ךּ Ḯ

¸ 2019 -2021 ḭ ḱ ṇ ṇ ṇ כֿ ︡ ḭבֿ
ṇ ḭ ṇ ḭ ṇ ḱ
בֿ ךּ Ḯ

¸ ḭ2050 ( Ṗ נּ כֿ
︡ ףּ ḭ ṇ ︡ ṡA World of Energy 2019 Edition Ṣ ṇ
( Ṗ ךּ ︡ Ḯ

*1 ︡ ḭ ︣ ṇ Ḯ ḭ ( ḭ Ṗḭ ḭ ṇ ( ḱ
ḭ ṇ ḭ ṇ ḱ Ṗ טּ

¸ ṇ 3 פּ ︣ כֿ צּ
ï ḭ ( methanisation ṖḲ אל ḭ פּ Ḯ

ḭ ︡ צּ
ï ( pyrogasification Ṗḭ Ḳ ṇ ( ḭ Ṗּפ (syngas Ṗ Ḯ

ḭ ︡ צּ
ïpower - to -gasḲ ︡ Ḯ 1 ︡ Ḯ ︡ ḭ

וֹ ḱ Ḯ 2 CO2 נּ Ḯֿכ
ḭ NGV ︡ Ḯ

¸ ṇ טּ ḭ power - to -gas ︡ ךּ Ḯךּ
¸ ḱ 2030 טּצּ ḭ ṇ ︣ Ḯלּ

( ṖEngieṡA World of Energy 2019 EditionṢ

Engie ṇ

3.1 ṇ

: Engie ṡA World of Energy 2019 EditionṢ(2019)
<https://www.engie.com/sites/default/files/assets/documents/2020 -05/2019.04_A%20World%20of%20Energy_2019%20Edition_0.pdf >
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(1) ṇ
Engie Ṍ ︣

¸ Engie 2019 ︡ ṡZero -carbon Transition as a Service Ṣ
︣ ︡ ךּ Ḯ

ï צּ ṇ ︣ לּ 2030 10% ḭ2050 100%
נּ בֿ ךּ Ḯ

ï וֹ ḭ 10% ︣ ṇ ︣ כֿ ḭ
︡ ︡ ךּ Ḯ

ï וֹ ḭ ︡ ︡ ךּ Ḯ

¸ 2030 5TWh ︣ ḭ
20 ħ ︣

¸ 2030 ḱ
30 -40%

¸ 2050 ṇḱ ︡ ḭ
︣

ï ṇ ṇ
ï ṇ ṇ

︣
ï ︡ḭ ṇ
ï ḱ
ï פּ 2 ḭ
פּ 3 ︣ ḭ
ṇ

ï אל ︣
Power - to - Gas

Engie ︣

( ṖEngie Web < https://www.engie.com/activites/renouvelables/biogaz -biomethane >

︡ ḭ
ḭ

ḭ
ṇ

ḭ

ḭ

ḭ

3.1 ṇ
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¸ Engie טּ GRDF *1 ḭ ḭ ḭ ṇ ḭ
ṇ וֹףּ ︡ בֿ ךּ Ḯ

¸ 2050 לּ צ73%ּ ךּ Ḯ

(1) ṇ
Engie Ṍ GRDF

Ẇ
Å פֿ ḱ ḱ פּ

︡ḭ ṇ
Å וֹ שּ (bio -NGVṖ ︡
Å 2020 4 118 GRDFצּ ṇ

( Ḳ2030 1,400 Ṗ
Ẇ
Å ( Ṗ ︡
ẆPower - to -Gas
Å פּ
Å ḭ

︡ CO CO2 ךּ ṇ ḭךּ

Ẇ ṇ ṇ ṇ
Å 2020 600 ṇ ṇ

Ẇ
Å ṇ ṇ Ḳ

ṇ
Å ṇ Ḳ

ṇ ṇ ṇ ṇ ḭ ṇ ḭ
ḭ

Å ṇ ṇ Ḳ
︡ḭ

Ẇ
Å West Grid Synergy Ḳ

( ḭ ṇ ḭ ṇ
ṇ Ṗ

Å GRHYDḲ ︣
Å Nice Smart Vallay Ḳ ṇ ṇ

לּ
Å Ḳ ṇ ṇ ṇ ṇ ḭ ṇ

ṇ

*1 Engie ḭ וֹףּ ḱ ḱ ︣

ṇ Powerלּ - to -Gas

( ṖGRDF < https://www.grdf.fr/english/power -to -gas>

3.1 ṇ
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¸ GRTgaz( )* 1 ḭ ṇ ṇ ṇ ︡ḭ ṇ
ךּףּ 2030 10% ︣ ︢ ךּ Ḯ

¸ ḭPower - to -Gas ṇ ḭ ṇ ךּ Ḯ

(1) ṇ
GRTgaz

Å ḱ ḱ ḭ פֿ ḭ פּ
︡

Å טּ ṇ ︡
Å 2015 82GWh
Å 2030 12Ṍ30TWh ︣

︡

Å ḱ וֹ ḭשּ
︣ ṇ

Å GRTgaz ṇ ḭ100%

Å 2050 15Ṍ20TWh Power -to -Gas
︣ ︡

Power - to -Gas

ṇ Powerלּ -to -Gas ṡJupiter 1000 Ṣ

V 2018 ︡ ḭ ṇ
Powerלּ - to -Gas

V

ṇ ︡ḭ פּ
︡ CO2 ︡
ï Ḳ1MW
ï Ḳ200m 3/h
ï Ḳ25m 3/h

( Ṗ Jupiter 1000 < https://www.jupiter1000.eu/english >

*1 Engie ḭ וֹףּ ( Ṗ ︣

3.1 ṇ



(1) ṇ
National grid ESOṌ

¸ 2020 6 ḭNational Grid ESO( ) ḭ 2צּ ︣ ṡFuture Energy Scenario Ṣ
2020 (FES 2020) ךּףּ ḭ וֹףּ 2050 וֹ (
Customer Transformation ḭ System Transformation ḭ Leading the Way ḭ Steady 
Progression ) ︡ ךּ Ḯ

ï GHG 2019 480MtCO2Ḯ2050 15MtCO2/ צּ Ḯ Customer 
Transformation ḭ System Transformation 2050 Ḯ Leading the Way ḭ 2048שּ

Ḯ ḭ Steady Progression 2050 ךּףּ 258MtCO2(1990 68% )

95

3.1 ṇ

System Transformation
-
- ḭ
- ךּ ṇ
-

Consumer Transformation
-
- צּ
- ךּ ṇ
-

Leading the Way
- צּ
- צּ
-

Net ZeroSteady Progression
- שּ
-
- ḱ

Ḯ
￼

2050 וֹ 4 ( )
ü 2050 Ḯ ︡

ḭ ṇ צּ
V ṇּפ ḭNet Zero 2033

negative
V 10 שּ 40GW צּ
V 2038 ḭ Net Zero ḭ צּ
V ṇ 1/4

( )
ü CCS ḭ וֹ Ḯ ṇ

כֿ 10
V ḭ 21Ṍ59%( 2050 )
V Net Zero ḭ ḱHGV ṇ 2050

80TWh צּ
V CCUS ḭ Net Zero ךּףּ

2030 ṇ ︡ (
ṇ נּ )

V CCUS ṇ ḭ2050
62MtCO2e Ḯ פּ

( )
ü ṇ ḭ Ḯ ḭ

︣ ︣
לּ

( )
ü ṇ ṇ ḭ וֹ

ṇ

: National Grid ESO ṡ https://www.nationalgrideso.com/future -energy/future -energy -scenarios Ṣ(2020)
<https://www.nationalgrideso.com/future -energy/future -energy -scenarios>



(1) ṇ
Gas Network Ireland

¸ Gas Networks Ireland(GNI) *1 ḭ2019 10 ︡ ṡVision 2050 Ṣ ךּףּ ḭ2050
ṇ ︡ ךּ Ḯ

ï2050 שּ 1,870 tCO2( 31%)
ï ṇ ḭ וֹףּ ḭCCS צּ טּ ḭ820 tCO2 טּ

¸ ︡ ḭ ḭ +CCS בֿ ךּ Ḯ

ï Ḳ נּ ḭ ṇ Ḯ ︡ ḭ
פּ ︣ Ḯ ḭ ḭ

ἲ ḭPtoG ḱ
ï +CCS ︣ Ḯ ︣ CO2

CCS ḱ

*1 Gas Networks Ireland(GNI Ṗ ḭ וֹףּ TSO טּ ḭ Ervia טּ Ḯ

2050 ṇ ṇ וֹ

: GNI ṡ2019 Sustainability in Action Ṣ(GNI, 2020) ḭṡVision 2050ṢḭGNI Web https://www.gasnetworks.ie/vision -2050/net -zero -carbon/ ḭ
https://www.gasnetworks.ie/vision -2050/Irelands -decarbonization/, <https://www.gasnetworks.ie/vision -2050/cleaner -energy -future/ >
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3.1 ṇ

2030 2019

2030 11TWh(
20%Ṗ

ṇ
ṇ

CNG 2030
(HGVsṖ 24%ḭ
13% ךּ ḭCNG Bio-
CNG

2
CNG ṇ ḭ

7 CNG ṇ

CNG ḱ
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(1) ṇ
Gasunie Ṍ ḭ

¸ TSO טּ Gasnie *1 ḭ צּ בֿ ṡClimate Agreement Ṣ EU ṇ
ṇ אל ךּ אל ךּ Ḯ

¸ וֹףּ ḱ ḭ פּ ḱ ḱCCUSḱ ṇ
ṇ ךּףּ וֹ ךּ Ḯ

לּ 1* Ḯ 100%צּ ︣ ךּ

( ṖGasunie ṡInvestment plan 2020 Ṣ

Gasunie

Å 1990 (12.4 tCO2Ṗ 20%
︣ ( ṖḮ

2020

Å 2030 ḭ 4% ︣ Ḯ

Å CO2 5 ︣ Ḯ
2030

Å 2050 ṇ ṇ ︣ Ḯ2050

Gasunie
( ṖGasunie ṡAnnual report 2019 Ṣ

3.1 ṇ
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(1) ṇ
Gasunie Ṍ ︣

¸ צּ ︣ לּךּ ︡ḭ ṇ טּ 4
ṇ ךּ Ḯ

ṇ ︡ḭ2030 10Ṍ
15GW( 130 Ṗ ṇ ︣Ḯ

Âṡ ṇṢ
¸ ṇ ṇ ︣ Ḯ

ÂDJEWELS
¸ 20MW ṇ Ḯ

ÂMagnam
¸ ︣ Vattenfall Equinor

Ḯ
¸ 2024 ︡ḭ 200 ךּ Ḯ

Â

¸ Haurup : ︡ ︣
Ḯ

¸ Element Eins: ḮThyssengas ḭTenneT

100MW Ḯ

2050 ︣ ṇ ṇ ḱ
ḱ צּ ḭ

Ḯ

Â Zuid -Holland heat grid
¸ ︢ ︡ḭ ṇ

ḱ ḱ ( Ṗ ︣ Ḯ
¸ 2021 ḭ2023 ḭ2024

︣ Ḯ

CCUS

ḱ ︣ ︡ḭ
CCUS ︣Ḯ

ÂPorthos ( Ṗ
¸ אל CO2 ︣ Ḯ

ÂAthos ( Ṗ

¸ ḭTata Steal CCUS Ḯ

ṇ

2030 20 ṇ ḱ
︡ ףּ ḭGasunie ︣Ḯ

ÂSKW Asset Alkmaar BV
¸ 2017 ︡ Ḯ

¸ פּ ︣ Ḯ

( ṖGasunie ṡAnnual report 2019 ṢḭGasunie

3.1 ṇ



(1) ṇ
EnagĂs

¸ TSO טּ EnagĂsḭ ( ḱ ḭ ) ḭ
ṇ ︡ ךּ Ḯ ḭ ḭנּ ףּ

וֹ ḭ ṇ ṇ ṇ ︡ בֿ ךּ

ï ḱ ḭ פּ ︡ḭ ṇ ḭ Ḯ ︡ ḭ
ךּףּ

ï ḭ2020 -26 ︣ ṇ Ḯ
פּ ︣

ï EnaGasRenovable 2019 Ḯ 2020 -26 3 ħ
︣

¸ 2050 ṇ ṇ ḭṡוֹ ṇ Ṣ ︡ḭ2018
︡ ךּ Ḯֿכ ḭ ṇ ︡ḭ

ḭ ḭ וֹףּ ︡ ךּ Ḯ

99

3.1 ṇ

: EnagĂsṡAnnual Report 2019 Ṣ< https://www.enagas.es/WEBCORP -static/Informe_Anual_2019/en/downloads.html >ḭ
EnagĂsWeb < https://www.enagas.es/enagas/en/Sostenibilidad/Compromiso_con_la_transicion_energetica/Eficiencia_energetica_y_reduccion_de_e mis iones> )



(2)

¸ וֹףּ ṇ ṇ ṇ וֹ ךּ
ḭ ︡ Ḯ Ḯ

100

3.1 ṇ

IGU (International Gas Union) Ḯ ︣ (1931 ) טּ ḭ
ḱ כֿ︣ ︡ ךּ Ḯ

<https://igu.org/>

Eurogas Ḯ פ24ּ וֹףּ 51 (1990 )
<https://eurogas.org/about -eurogas/>

ENTSO-G וֹףּ ṇ
<https://www.entsog.eu/>

ENA ṇ ṇ (Energy Network Association) Ḯ וֹףּ ṇ
טּ ḭ ︡ 16 צּ

<https://www.energynetworks.org/about -ena/our -members>

Gas for Climate וֹףּ 10 (SnamḭGasunieḭEnerginet ḭONTRASḭTeregaḭSwedegasḭGRTgazḭ
EnagasḭConsorizo Italiano BiogasḭFluxys Belguim )ḭ2 (
(European Biogas Association) ḭOpen Grid Europe)
ἲ ︡ ṇ וֹףּ ḱ ךּ ḱ



(2)
IGUṡGlobal Gas Report 2020 Ṣ

¸ (IGU) 2020צּ 8 ︡ ṡGlobal Gas Report 2020 *1Ṣ ḭCOVID-19
נּ ḭ וֹףּ וֹ ךּ ︡ ךּ

Ḯ

: IGU ḭBloomberg NEF ḭSnamṡGlobal Gas Report 2020 Ṣ<https://igu.org/resources/global -gas-report -2020/>
101

*1  IGU ḭSnamḭBloomberg NEF

3.1 ṇ

Global Gas Report 2020
ü ḭ ḭ קּ ḭ ךּףּ ︣Ḯֿכ
צּ אל ṇ ︣ ḭ Ḯ ḭ צּ

ü Ṅ Ḯ ṇ שּ ךּףּ ḭצּךּ 2030צּ 2 /kgḭ2050 1
/kg ︣ כֿ ḭ Ṅ וֹףּ צּ ( ḭ ḭ ḭ ḭ )

ἲ וֹ ḭנּ צּ Ḯ ṇ ḭ ḭ
ḭ ḭ

ü ḭ ︣ ḭ ḮLNG ḭ
︡ ︣

ἲ ṇ ḭךּ ḱ ḭ ṇ פּ ךּ



(2)
Eurogas ṡEuropean Carbon Neutrality: The Importance of Gas Ṣ

¸ 2020 6 ḭDNV GL ḭEurogas ṡEuropean Carbon Neutrality: The Importance of 
GasṢ ︣ ︡ Ḯ ḭ2050 וֹ וֹףּ
נּ ḭ ךּףּ צּ לּ פּ︣ ︡ ךּ Ḯ

¸ ḭ2050 ︡ ḭṡ Eurogas Ṣ ṡ 1.5Teh
Ṣ 2 ךּ ︡ ךּ Ḯ

ï Eurogas שּ : Ḯ ṇ ṇ
ṇ ךּ ( : 2050 100ħ/tCO2)

ï 1.5Tech : ṇ שּ Ḯ ṇּפ ︣ ṇ ︡
(2050 350ħ/tCO2)

102

ṇ
( )DNV GL, ºEuropean Carbon Neutrality: The Importance of Gasº, 
June 2020

ṇ ( )
( )DNV GL, ºEuropean Carbon Neutrality: The Importance of Gasº, 
June 2020

3.1 ṇ

2
ü 2050 ḭוֹ ṇ וֹףּ צּ Ḯ ḭ ṇ ḭnegative טּצּ
V Eurogas : ṇ ḭ CCS אל ḱ ṇ
V 1.5TECH כֿ : צּ ︣ צּ ḭ︣שּאל צּ

ü 2 ḭ Ḯ
V ṇ ḭCCS
V ḭ וֹףּ טּ ḭ וֹ
V ṇ ḭ ṇ (BEV) צּ Ḯ (FCEV) BEV 



(2)
Eurogas ṡEuropean Carbon Neutrality: The Importance of Gas Ṣ

¸ 2 ︡ ḭ ṇ ḭ ḭ
ḭ ḭ ︣ ṇ ệ ︡ ךּ Ḯ

103( )DNV GL, ºEuropean Carbon Neutrality: The Importance of Gasº

Eurogas וֹףּ ṇ ( ṇ )

ṇ

ṇ

ṇ וֹףּ

: ṇ

ü Eurogas ḭ2050 ךּףּ ṇ ḭ ṇ 32% ףּ ḭ ︣
ü ḭCCS כֿ ︣ טּצּ ḭ ṇ צּ ךּ︡

ṇ ךּףּ ךּ ︣ Ḯ
ü Eurogas ḭ ḭ CCS ḭ2050 ṇ ṇ ṇ

89%( ) Ḯ

: 

ü Eurogas צּ ︣ ṇ ḭ 2050 ךּ ︣ ( 1,300 ṇ )
ü ṇ ḭ ṇ ︣ ṇ ︡ḭ

︣ (2018 Ṍ2050 וֹפּ 10 ħ )
ü Eurogas צּ ︣ ṇ ḭ2050 (CAPEX)ּצḭ

1.5TECH ︡ 1.3 ṇ Ḯךּ

ṇ ( :10 ṇ / )

אל
ṇṇ וֹףּ

(negative emission )

ṇ

3.1 ṇ



(2)
Eurogas ṡEuropean Carbon Neutrality: The Importance of Gas Ṣ

104

ü CCS ( ṇ ) ḭ ︣ ףּ ḭEurogas 2050
820TWh ︣ Ḯ

üּך￼ ךּףּ ḭCCS ṇ ṇ טּ
ἲ2050 וֹףּ 1.5TECH 8 9,500 tCO2/ ḭEurogas 10 4,800 tCO2/

ü VRE ḭ פּ ( ṇ ) ḭEurogas ךּףּ 2050
964 TWh ︣ Ḯ

ü ( ) ḭ2050 1014TWh ṇ ︣ כֿ צּ קּ Ḯ אל Ḯ

:

3.1 ṇ

ü Eurogas ḭ2050 ︣
ḭ1.5TECHצּ 4.1 ṇ (7%) ḮEurogasךּ

צּ ךּ 2 טּ Ḯ
V צּ ṇ ︣ נּ

ḭEurogasצּ 80Ṿ(10.1 ṇ )
שּ Ḯ1.5TECH ḭ ︣

3,000 ṇ צּ
V Eurogas ḭ ︣ ḭ

︣ כֿ Ḯ
ṇ ḭEurogas צּ

1.5TECH 35Ṿ Ḯךּ

: ︣ ṇ

ü ṇ ṇ וֹףּ ḭ אל ṇ ḭ
פּ 2017 2050 וֹפּ 19%

ü ṇ ḭ2050 ︡ ḭֿשּפ Eurogas)פּ￼
11Ṿ

ü Eurogas ḭ ṇ ṇ 80% ḭ ṇ וֹ ( )Ḯ

: 

ṇ ( ṇ / )

( )DNV GL, ºEuropean Carbon Neutrality: The Importance of Gasº



(2)
Eurogas Ṍ וֹ (2019 11 )

¸ Eurogas ḭ2019 11 ︡ ṇ ṇṡEurogas Recommendations for the 
Decarbonisation PackageṢ ךּףּ ḭ2050 לּךּ ךּ ḭ
ṇ וֹףּ וֹ ︡ ךּ Ḯ

ï ṇ צּ Ḯ ḱ ṇּצ ḭ ṇ
︡ ḱ צּ

ï ṇ קּ ︣ ḭ ḱ ︡ḭ ṇ
︣ צּ

¸ Eurogas ḭ ḭ ḭ 3 ךּ Ḯ

ï 1: ṏ וֹ ︣ ḭ ︡ ︣

ï 2: Ṉ: Ḯ ḱ ︣

ï 3: ṏ ︡ḭ ḱ ︣ ḭ אל
(well - functioning, competitive and integrated) ṇ

*1 EurogasṡEurogas Recommendations for the Decarbonisation PackageṢ(2019.11)

3.1 ṇ

ṇ
ü ḱ ( ) ︣ ḭ ṇ צּ

ἲ ḱ ︡ḭEU ︣ ḭ
ḱ ︣ ṇ

CCUS ü ṇ ṇ ḭּט צּ טּ ḭCCUS צּ אל Ḯ
ἲ CCUS ṇ ṇ ︣ ︣

ṇ ü ṇ ( ḱ ḱ ḱ ṇ ) ḭ ṇ וֹףּ
פּ ṇ ︣ קּ טּ Ḯ

ü ṇ ︣ ḭDSO ḭ ṇ 10 ḭ ḱ
︣ טּצּ Ḯ

Ṉ וֹףּ

105



(2)
Eurogas Ṍ ṇ ṇ Ḳ 2020)לּ 3 )

¸ Eurogas ḭ2020 3 ︡ ṡEuropean Green Deal: Gas is Part of the Solution Ṣ ךּףּ ḭ
ṇ ṇ ṇ וֹ ︡ ףּ ḭ ṇ( ḭ

ḭ ) ḭ2030 GHG 2050 ṇ ṇ וֹ ︡ ךּ Ḯ

ïEurogas ṡ (European Climate Law) Ṣḭṡ2030 GHG Ṣḭṡ וֹ
Smart Sector Integration Ṣḭṡ Ṣḭṡ ṇ

Ṣ
ï ︢ ḭEU וֹףּ ṇ ṇ

ṇ
ṇ

ü Eurogas ṡ ḱ ṢḭṡEU וֹףּ Smart Sector Integration Ṣḭṡ
Ṣ

ἲ ḱ ḲEU צּ Ḯ אל ḭ
ḱEU ḱ ṇ
ἲ EU וֹףּ Smart Sector Integration ḲSmart Sector Integration ḭצּ ṇ

2030 GHG ü Eurogas ṡ Ṣḭṡ ḱ ︣ Ṣḭṡ Ṣḭṡ Ṣḭṡ ︡ ךּ︣ Ṣ
︡ 2030 GHG ︣

ü ךּ 2050 ṇ ṇ
ἲ ṇ( ḭ ḭ ) לּ

ü 2050 וֹ ḭ ṇ CCUS צּ Ḯ

ü ETS פּ ךּ ḮETS אל ︡ḭאל ḱ
︣ כֿ צּ

ṇ
אל

Å Eurogas ḭ ḭ ḭ ḭ ︡ ḭ ṇ אל
ךּ Ḯ

Å Eurogas NGOḭ ḭ וֹ

3.1 ṇ

106
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(2)
Eurogas 11%

¸ 2020 9 14 ḭ טּ Eurogas 20% EU ףּ
וֹ ṇ 11% ︣ ︡ Ḯ

¸ Eurogas (Renewable gas) ḭ (Decarbonized gas) לּ וֹ ךּ
Ḯ

ï Ḳ ḭ ḭPtG ṇ
ï ḲCC(U)S ︡ אל ṇ ṇ

¸ EU ṇ וֹףּ ṡ ṇ ṇ 32%
︣ Ṣ לּךּ ṇ ︡ כֿ וֹ כֿ ︡ ךּ Ḯ ḭ

ḭ ︡ ךּ Ḯ

לּ

¸ וֹףּ
Ḳ קּ ḭ
Ḳ ḭ
Ḳ ṇ

¸

︣ ḭ צּ קּ ךּ צּ אל Ḯ ḭ
טּ צּ צּ ךּ צּ ךּ טּצּ Ḯ

¸

EU צּ וֹ ṡ ṇ Ṣ צּ 11% לּךּ
︣ טּצּ Ḯ

¸

EU ¸ ︢
︡ ︣ צּ Ḯ

¸ ḭ ︣

3.1 ṇ



(2)
ENTSO -Gṡ2050 Roadmap Action Plan Ṣ

¸ ENTSO-G ḭ2019 12 ḭṡ2050 Roadmap for Gas Grids Ṣ ︡ ףּ ḭ2050 ṇ
ṇ וֹףּ ךּ ︡ ךּ Ḯ

¸ ENTSO-G ḭ ṇ (2020 7 ) ︣ ḭ
ṇ ךּ ṡ2050 Roadmap Action Plan Ṣ ︡ ︡ Ḯ

ἲ ḭ ḭ (System Integrators) 3 פּ ḭ TSO

108

3.1 ṇ

ṇ וֹףּ
︢ ḭ

EU wide -network

EU-wide
ṇ ṇ

( ) ENTSO-Gṡ 2050 Roadmap Action Plan Ṣ

וֹףּ ENTSO-G

ṇ

ṇ

TSO



(2)
ENA ṇ

¸ 2019 10 ḭENA ḭ 2050 לּךּ נּ ḭ ṇ
ךּףּ ṇּצ ︣ ךּ ︡ ︡ *1Ḯ ḭ

ḱ ḭ2050צּ וֹ ךּףּ כֿ︣ ︡ ךּ

¸ 2050 וֹ ︣ ḭ 2050 ︣ 2
*2 Ḯ

ï (Balanced Scenario) ṏ ḱ שּ ︣
ï (Electrified Scenario) ṏ ḭ ḱ ḭ

ṇ צּ ︡ ךּ ( : ḭ צּ )
ï2050 וֹ ḭ 1,090 ṽ/ ḭ 1,220 ṽ/

ףּ ḭ צּ טּ ︡ ךּ *3

( ) ENAṡ Pathways to Net -Zero: Decarbonising the Gas Networks in Great Britain Ṣ
109

*1  ṡPathways to Net -Zero: Decarbonising the Gas Networks in Great Britain ṢḮENAּצNavigant ︡ ︡ ︣ כֿ
*2 ךּףּ ḭ ︡ GHG ḭCCS ¬negative emissions º
*3 ḭ2050 ṇ ךּ אל ךּ Ḯ ḭ ḭ

︡ḭ ḭ ṇ ḭ 2 טּ

3.1 ṇ



(2)
ENA ṇ

¸ ḭ קּ ḭ וֹ ḭ ṇ ḭ
(pathway) ︡ ךּ Ḯ ךּףּ ḭ2050 ṇּצḭ

ṇ ךּףּ צּ קּ פּ ︡ ךּ Ḯ

¸ כֿ 4 ( ḱ ḭ CCUSḭ ḭ ṇ ) אל
ףּ ḭ צּ ︡ ḭ ṇ ︡ ךּ Ḯ

( ) ENAṡ Pathways to Net -Zero: Decarbonising the Gas Networks in Great Britain Ṣ 110

Å טּ
ṇ

︡ ḭ
ךּףּ

צּ ︣
ḭ

100%
Å ḭצּ

ṇ
ḭ ṇ

Å ︡(
ṇ

CCUS צּ
ךּ )

Å2050
ṇ

Å

Å

Å ṇ

Å

CCUS ḭ
ḱ ṇ
ṇ

Å

ṇ
Å ḭ

ḱ

ἲ (
20%) פּ 100%

Å ḭ
וֹ (

)

Å ḱ

ṇ
ἲNTS(National 
Transmission 
System)

Å ḱ

3.1 ṇ

וֹףּ וֹ



(2)
ENA ṡBritain s Hydrogen Network PlanṢ

¸ 2021 1 ḭENA ︣ 5 (Cadent ḭNational Grid ḭNorthern Gas Networks
ḭSGN ḭWales & West Utilities ) ḭ2030 ︡ ṡBritain s Hydrogen 

Network Plan Ṣ ︡ *1Ḯ2023 ḭ ︣ 20Ṿ ︣ ḭ
2025 ểGWḭ2030 ệGW ḱ ︣ ︡ ךּ Ḯ

111

3.1 ṇ

*1 ENA צּ Gas Goes Green ︡ ḮGas Goes Green ḭ2050 ṇ ṇ וֹ ︡ ḭ
כֿ︣ ︡ Ḯ

Britain s Hydrogen Network Plan

( ) ENAṡBritain s Hydrogen Network PlanṢ
<https://energynetworks -newsroom.prgloo.com/resources/britain -s-hydrogen -network -plan>



(2)
Gas for Climate ṡGas Decarbonisation Pathways 2020 -2050 Ṣ

¸ 2020 4 ḭ וֹףּ 12 אל Gas for Climate ḭ2050 וֹ
וֹ ︡ ṡGas Decrbonisation Pathways 2020 -2050 *1Ṣ ︡ Ḯ

¸ ṇ ṇ וֹ ︡ ḭễ ︡ ךּ Ḯ

ï EU )(Current EU Trends Pathways)ṏּוֹף 2030 ṇḱ
ï (Accelerated Decarbonisation Pathway) ṏ ḭ צּ Ḯ

ḭ וֹ ḭ ︣ ︣
ï ṇ (Global Climate Action Pathways)ṏEUEU ︡

112

3.1 ṇ

1. 
Å ךּףּ ḭ ḱ צּ ︣
ἲ ḭ ḱ
Å

Å ṇ H2 readiness ︡

2.
Å ︣
Å

Å ḱ וֹ ︢ ḭ ṇ וֹףּ ṇ

4.
Å ḭ ḱ
ἲ ( 20%) פּ 100%
Å ḭ וֹ ( )

3. Kic -start supply
ÅCCUS ( )
Å ṇ
Å

6. 100% ḱ
Å ḱ ḭצּ ṇ ḭ ṇ

Å וֹףּ ḭ ḱ
Å ṇ CCUS צּ ךּ ḭ ︡ ךּ
Å2050 ṇ

5. ḱ ṇ
ḱ ḱ ( ḱ )
ḱ ḭ פּ EU ṇ

וֹ

*1Guidehouse ( Navigant Consulting )

וֹףּ

( )Gas for Climate ṡGas Decrbonisation Pathways 2020 -2050Ṣ
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3.1 ṇ
3.2 CCS/CCUS

(1) CCUS
(2) צּ וֹףּ CCUS
(3)CCUS
(4) CCUS

3.3 ḱ ṇ ḭPower to Grid
3.4
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(1) CCUS
CCUS

114
( ) IEAṡEnergy Technology Perspectives 2020 Special Report on Carbon Capture Utilisation and Storage CCUS in clean energy transitions Ṣ(2020 9 )

MURC

¸ ṡEnergy Technology Perspectives 2020 Ṣ ḭ ṇ שּ ḭ ṇḭ
ḭCCUSּצ ṇ 4 1 ︡ וֹ ךּ לּ ḭ
ḭ ḭ ךּ ṇ ךּףּ CCUS

טּ ḭ ךּףּ CCUS ṇ ṇ
טּצּ Ḯ

¸ CCUS ︣ ḭ ṇ ṇ ṇ 0.5%
צּ ףּ ḭCCUS ︡ ḭ צּ בֿ ךּ Ḯ

צּ וֹ CO2ּצ ￼ḭ ḭ ḭ
וֹףּ צּ בֿ ךּ Ḯ

CCUS וֹףּ CO2 CCUS ḱ

3.2 CCS/CCUS



(1) CCUS
CCUS

115
( ) IEAṡEnergy Technology Perspectives 2020 Special Report on Carbon Capture Utilisation and Storage CCUS in clean energy transitions Ṣ(2020 9 )

MURC

¸ ḭ CCUS 21 טּ ṇ 40MtCO2/ ︣ ︣ Ḯ
¸ EOR טּ ךּ וֹ אל ṇ צּ Ḯךּ

CO2 (Mt/ )

1 Terrell natural gas plants (formerly Val Verde) 1972 0.5 EOR

2 Enid fertiliser 1982 0.7 EOR

3 Shute Creek gas processing facility 1986 7.0 EOR

4 ṇ Sleipner CO2 storage project 1986 1.0

5 / Great Plains Synfuels (Weyburn/ Midale ) 2000 3.0 EOR

6 ṇ Snohvit CO2 storage project 2008 0.7

7 Century plant 2010 8.4 EOR

8 Air Products steam methane reformer 2013 1.0 EOR

9 Lost Cabin Gas Plant 2013 0.9 EOR

10 Coffeyville Gasification 2013 1.0 EOR

11 Petrobras Santos Basin pre -salt oilfield CCS 2013 3.0 EOR

12 Boundary Dam CCS 2014 1.0 EOR

13 Uthmaniyah CO2-EOR demonstration 2015 0.8 EOR

14 Quest 2015 1.0

15 Abu Dhabi CCS 2016 0.8 EOR

16 Petra Nova 2017 1.4 EOR

17 Illinois Industrial 2017 ṇ 1.0

18 Jilin oilfield CO2 -EOR 2018 0.6 EOR

19 ṇ Gorgon Carbon Dioxide Injection 2019 3.4 -4.0

20 Alberta Carbon Trunk Line (ACTL) with Agrium CO2 stream 2020 03-0.6 EOR

21 Canada ACTL with North West Sturgeon Refinery CO2 stream 2020 1.2 -1.4 EOR

3.2 CCS/CCUS



(1) CCUS
CCUS

116

¸ 2017 ḭ 30 טּצּ ḭ ṇ ḱ ḱ ḱ
ḱ ṇ ṇ ךּףּ צּ אל ףּ ḭ 270צּ אל ךּ Ḯ

¸ CCUS ḭ פּ ︡ CO2 EOR 80%צּ ךּ ḭצּ
CCUS ḭ צּ Ḯ

¸ ḭֿכ ︣ CO2 ￼ḭ
ṇ צּ ︡ ךּ Ḯ

CCUS ḱ ṇ

( ) IEAṡEnergy Technology Perspectives 2020 Special Report on Carbon Capture Utilisation and Storage CCUS in clean energy transitions Ṣ(2020 9 )
MURC

3.2 CCS/CCUS



(1) CCUS
ṇ וֹףּ

117

¸ ṇ ךּףּ CCUS ︡ 20 צּ(͠+) טּ Ḯ
︡ ḭCO2 30%Ṍ67% קּ אל ךּ

Ḯ
¸ ṇ CO2 40% ךּףּ ḭIEA Sustainable Development 

Scenario (SDS) CCUS ṡ Ṣ ︢ פּ CO2 ︣
נּלּ ︣ אל ךּ Ḯ

¸ 2020 Ṅ CCUS צּ ︡ḭ2070 ︣ CCUS נּ
אל ךּ Ḯ

3.2 CCS/CCUS

( ) IEAṡEnergy Technology Perspectives 2020 Special Report on Carbon Capture Utilisation and Storage CCUS in clean energy transitions Ṣ(2020 9 )
MURC

וֹףּ CCUS (SDS)



(2) צּ וֹףּ CCUS
CCUS ḱ

¸ ṡ ṇ ṇ (2019 6 )Ṣ אל ךּ לּ ḭCCUS
(CO2 ) ךּ טּ Ḯ

¸ ṇ לּךּ ḭṡ ṧCCS Ṣ ṡ ︡
Ṣ ṡ ṇ Ṣ צּ בֿ Ḯ

118
( ) ( )ṡ ṇ ṇ Ṣ 6 MURC

ṇ ṇ

3.2 CCS/CCUS



(2) צּ וֹףּ CCUS
CCUS ḱ

119
( ) ( )ṡ ṇ ṇ Ṣ 6

¸ LNG ךּ ṇ לּךּ ḭṡ ṧCCS Ṣṡ
︡ Ṣ ṡ ṇ Ṣ צּ בֿ Ḯ

ṇ

ṇ

3.2 CCS/CCUS



(2) צּ וֹףּ CCUS
CCUS(CO2 )

120
( ) RITEṡCCUS Ṣ(2020 1 20 ) MURC

¸ ṇ ṇ (2019) אל ךּ CO2
¸ צּ ḭ ( ) 4,000 /t -CO2 אל ḭ2030צּ ḱ

ḱ ḱ ךּףּ 1,000 Ṍ2,000 /t -CO2 2050 1,000 /t -
CO2 ︡ ךּ Ḯ

3.2 CCS/CCUS



(2) צּ וֹףּ CCUS
CCS

121
( ) ṇ ṇ ( 35 Ṗṡ2050 ṇ ṇ וֹ Ṣ( Ễ 12 21 Ṗ MURC

¸ ṇ ṇ ( 35 Ṗ אל ךּ ḭ
CCS Ḳ 7Ṍ9 ḭ Ḳ 3Ṍ4 /kWh אל Ḯ

¸ ḭ ︣ CCS ︣ טּצּ Ḯ

3.2 CCS/CCUS

(H25 Ṗ

ḭ

ḱ

Â 5300Ṍ7900 /t -CO2
¸ (ẑ90% Ṗ

Â 1500Ṍ2000 /t -CO2
¸ ḱ וֹףּ

Â 800 /t -CO2
¸

Â ( Ṗ ḭ

Â 2300 /t -CO2
¸

Â ḭ ḱ

Â 8400 Ṍ11000 /t -CO2

︡

LNG ︡

Â + 7Ṍ9 /kWh
¸ CCS 16
Ṍ18 /kWh

Â + 3Ṍ4 /kWh
¸ CCS LNG 16
Ṍ17 /kWh

ẑ2018 CO2

︣

︣ קּ
CCS

Â 13 /kWh
¸ 2019 (50 -500kWṖ

Â 15 /kWh
¸ 2019 (1000 -2000kW Ṗ

Â 2000 Ṍ4000 /t -CO2
¸ 13 /kWh

Â 7000 /t -CO2
¸ 15 /kWh



(3)CCUS
LNG
¸ CO2 ṇ ( +CCS ṇ ṇ ) ︡ CCUS

︣Ḯẑ1

¸ LNG צּ ḭשּ ṇ לּךּ CCUS ︡ ︡ ḭ ṡ ṇ Ṣ
ṡ Ṣṡ ṇ Ṣ קּ Ḯ

122

BLNGḱ CO2 ṇ

CCS

︡

︡
( / )

CO2 ṇ

ṇ

ṇ/

ṧCCS

G

/

CCU

/

( )

ḱ ( ￼)

/

︡
( / )

︡

ṇ

( )

ṇ

ḱ

FCVḱ

( ) MURC

3.2 CCS/CCUS



(3)CCUS
CCUS ( ṇ Ṗ

123

¸ וֹףּ ( ḲSteam Methane Reforming) אל טּ ḭ
CCUS ︣ כֿ 60-90% CO2 ︣ כֿ צּ קּ ( 50 -80USD/t -CO2

)Ḯ ḭ SMR CCUS 2030צּ ︡ ṇ צּ
אל ךּ ( וֹףּ H-Vision Magnum )Ḯ

¸ CCUS ︡ ( ṇ ) ṇ ( ṇ ) ︡
טּצּ ḭ ṇ 2019צּ 3-8USD/kg -H2(2050 1.3 -3.3USD/kg -H2 אל

) ︡ ḭ ṇ 1.2 -2.6USD/kg -H2 אל (2050 ︡)Ḯ

1 H-Vision SMR FS

2 Magnum SMR FS

3 HyNet and H21 ATR Plan

4
וֹףּ

Operate

5
וֹףּ

Operate

6
ṇ

Hazer
פּ

7
ṇ

Hydrogen Energy Supply 
Chain Latrobe Valley

( ) IEAṡEnergy Technology Perspectives 2020 Special Report on Carbon Capture Utilisation and Storage CCUS in clean energy transitions Ṣ(2020 9 )
MURC

3.2 CCS/CCUS



(3)CCUS
CCUS

124

¸ SDS ḭ2070 צּ 7 ︡ḭ
5.2 t-H2 ḭ אל לּ ḭ CCUSצ40%ּ
אל ṇ אל ךּ Ḯ

¸ ḭCCS ךּ פּ אל
ṇ וֹףּ 1/3 אל ךּ Ḯ

¸ 2030 ṇ ṇ
טּ ḭצּ ṇ צּ אל
ḭ ṇ צּ אל ךּ Ḯ

SDS וֹףּ CO22070 וֹףּ SDS ṇ

( ) IEAṡEnergy Technology Perspectives 2020 Special Report on Carbon Capture Utilisation and Storage CCUS in clean energy transitions Ṣ(2020 9 )
MURC

3.2 CCS/CCUS



(3)CCUS
ṇ ︣ CO2 ḭ ṇ

125( ) ṇ ṡ ṇ ṇ ṇ ḱ (CN ) ṌCO2 ḱ ṌṢ(2020 3 ) MURC

¸ ( ) ṇ ḭCO2 ṇ CO2 אל ṇ ṇ
︡ ḭCO2 ︣ ︡ ףּ ḭCO2 ︡ ḭ

ṇ 5,500 Ṍ7,300 /t -CO2ḭ ṇ 8,200 Ṍ10,400 /t -CO2
( 50km/100km ṇ / ṇ טּצּ ) אל ךּ Ḯ

¸ ṇ ṇ נּ ḭ / ṇ/ ṇ ￼ךּ ṇ
ṇ ︡ צּ אל ךּ Ḯ ḭ ṇ CCS

קּ ṇ צּלּ צּ ךּ אל ךּ ( 20Ṍ70 /Nm3 -H2)Ḯ

Ḳ

ḲCO2 ( ṇ ṇ )

ḲCO2 ( ṇ ṇ )

Ḳ ṇ ( ) Ḳ ṇ ( ) Ḳ ṇ ( ) ṇ

3.2 CCS/CCUS



(4) CCUS
וֹףּ CCUS

126

¸ 2019 ḭ 2 CCS ( ṇ)ּצ ︡ ףּ ḭ10 CCS צּ
טּ ( 6 ḭ 2 ḭ ṇ1 ḭ 1 )Ḯ CCS ṇḭ

ṇḭ ṇḭ ṇ טּ ḭ12 2,250 t-CO2 טּ Ḯ
¸ 2018 11 ḭ ¬A Clean Planet for all - A European strategic long -term vision for a 
prosperous, modern, competitive and climate neutral economy.º2050 ṇ

︡ḭ CCS 7 לּ 1 ךּ Ḯ
¸ ṇ ḭCCS ︡ 100 ṇ צּ אל ףּ

ḭEU ṇ ︡ וֹ CCS צּ אל ךּ Ḯ

וֹףּ CCUS

( ) Global CCS Institute ṡGLOBAL STATUS OF CCS 2019Ṣ MURC

3.2 CCS/CCUS



(4) CCUS
Ḳ Engie ḭ RWE

127

¸ Engie ḭ2014 ṡGRHYD Ṣḭ2019 ṡC2FUEL Ṣ
︡ ךּ Ḯ

ï ṡGRHYD Ṣ ḭ ṇ פּ אל ṇ ︡ḭ
︡ ︣

ï ṡC2FUEL Ṣ ḭ פּ ︣ CO2 ︡ḭ ṇ ︣ כֿ ḭ DME(
ṇ ) ︣ ( ︡ ︡ḭDME וֹףּ ṇ ︡ אל )Ḯ

ṡHorizo n 2020 researchṢ ṇ פּ 400 ṇ וֹ ︡ ךּ

¸ RWE ḭ2017 -2020 3 ṡALIGN-CCUS Ṣ ︡ ךּ Ḯ
ï פּ CO2 ḭ ḭ ḭ (DME ︡ḭ ṇ ) לּךּ ︢

︡ ךּ

C2FUEL

( ) EngieṡThe GRHYD demonstration project ṢḭṡC2FUEL ṢḭṡALIGN-CCUS Ṣ MURC

ALIGN-CCUS

3.2 CCS/CCUS


