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https://inthesetimes.com/article/the-global-peoples

Holistic Use & Capacity on a National Basis

Energy T Demand:
L] [ ]
Conl- slect 18300 Heat + Electricity + Transport
oal - Ind 78300
Other 51300
Total Coal 207900
0
Petrol 578100
Diesel - Cars 699200
Diesel-GoodsV 469200
JetFuel 565800
Other (Marine 12%, Rail 4%) 777000
Total Liq Fuels 3089300
0
0
Gas-electr 972000
Gas-Domestic 1094400
Gas-Other 1087200
Total Gas 3153600
0
Capacity
GW 0
Wind-land 13.99 115920
Wind-sea 9.89 114840 d |
Hydro 1.61 21600 2019 Energy Deman & Supp y
Solar PV 13.22 45720
BioEnergy 7.84 131760
Total Renewables 46.55 429840
Coal Electricity 6.82 24840
Gas Electricity 34.58 477000
Nuclear Electricity 9.26 202320
Other electricity 0.00 31320
Total Electricity Gen Capacity 97.21 1165320
Source = DUKES (UK govt) + researcher’s estimates
Av gen Capacity 36.95 0

Total Primary E 7114280
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Proportion of global total
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Example: Jet Fuel Replacement 85% H,
In Zero Carbon World 15% Electricity

Carry Out Air Traffic Analysis 0% Heat

Decarbonised Demand Calculation
H2 000
Replace Needto Replace Hydrogen tonnes
ltem Factors Replace with GasTJ Electr-TJTJ p.a Heat TJ
JetFuel 015 84870 Electr 0 36373
" 480930 Hydrogen 0" 961860 529023 44085
Repeat & integrate Zero Ca rbon U K
for other ener
EY energy demand

sectors to obtain




6 Replacement Scenarios examined - combinations of:

Expand RES (primarily wind)

Decommission coal

Convert & Expand Gas to CCS or Semiclosed CO, Oxyfuel CCGT
Expand Nuclear

Use District Heat + Cogeneration + Solar Heat

Semiclosed Cycle o | | rue

From Ulizar,l; Pilidis’ P;
A Semiclosed-Cycle Gas Turbine with Carbon Dioxide—Argon as Working Fluid; J. Eng.
Gas Turbines Power. Jul 1997, 119(3): 612-616 https://doi.org/10.1115/1.2817028

Ny — 0.45 (inc ASP) =
Ny, — 0.55 (exc ASP) o
Capture Ready CO, o

Zero NOX

LPC. =i HPC Comb HPT | 'LPT Py



https://doi.org/10.1115/1.2817028

Replacement Scenario 1 — Focus on RES:

Expand only RES (primarily wind) to cover new energy demand

Decommission coal
Convert Gas to CCS or Semiclosed CO, CCGT

Retain Nuclear + Hydro + Bio
Peak Estimate: 110 MW (Cold, dark and calm day)
Use District Heat + Cogeneration + Solar Heat

Decarbonised Demand Calculation
H2 000
Replace Needto Replace Hydrogen tonnes
ltem Factors Replace with GasTJ Electr-TJTJ p.a Heat TJ
Total Electric 1165320 1143529 5081789 1174958 9791.32 666510
679320
Primary
Total E 7114280 "Energy 6414828 5748318
C h ecC kS . Sources of Electricity Supply Factor Electr - TJ AvGen GW InstGW  Utilisation
Wind-land 15 1738800 55.137  110.27 0.5
Enou g h Heat? OK Wind-sea 17 1952280  61.906 12381 05
Hydro 1 21600 0.685 0.86 0.8
Peak Supply? . Solar PV 5.5 251460 7974 3189 0.25
BioEnergy 1 131760 4.178 5.22 0.8
0 0.000
Coal Electricity 0 0 0.000
Gas Electricity 1 477000 15.126 18.91 0.8
Nuclear Electricity 1 202320 6.416 8.02 0.8
Other electric 1 31320 0.993 1.32 0.75]
Peak LoppingH2GTCC 286998 9.101 91.01 0.1
Total 5093538 391.32




Replacement Scenario 1 — Focus on RES:

Expand only RES (primarily wind) to cover new energy demand

Decarbonised Demand Calculation
H2 000
Replace Needto Replace Hydrogen tonnes
ltem Factors Replace with Gas TJ Electr-TJTJ p.a Heat TJ H2 %
Coal - electr 1 78300 0
Coal - Ind 0.7 54810 Electr 0 54810
" 23490 Heat 0 0 23490
Other- Coal 1 51300 Heat 0 0 51300
Total Coal 207900 0
0
Petrol 0.8 462480 Electr 0 99102.86
" 115620 Hydrogen 0 86715 57810 481.8 4.92017
Diesel - Cars 0.8 559360 Electr 0”199771.4
" 139840 Hydrogen 0 174800 116533.3 971.1 9.91808
Diesel-GoodsV 0.8 375360 Electr 0" 160868.6
" 93840 Hydrogen 0 140760 93840 782.0 7.98667
JetFuel 0'15, 84870 Electr 0 v 36373 Sources of Electricity Supply Factor  Electr-TJ  AvGen GW InstGW
480930 Hydrogen 0" 961860 529023  4408.5 45.02483 Windland 5 1738800 55137 11027
Other Liquid Hydrocarbo 0.7 543900 Electr 0 233100 Wind-sea 17 1952280 61906 12381
0.2 155400 Heat 0 155400 Hydro 1 21600 0685 0.86
77700 Hydrogen 0 116550 77700 647.5 6.61300 Solar PV 55 251460 7974 3189
Total - Liq Fuel 3089300 0 BioEnergy 1 131760 4178 522
0 0 0.000
0 Coal Electricity 0 0 0.000
Gas-electr 972000 Electr 1143529 Gas Electricity 1 477000 15126 1891
Gas-Domestic 0.8 875520 Electr 0 875520 Nuclear Electricity 1 202320 6.416 8.02
" 218880 Heat 218880 Other electric 1 31320 0.993 132
Gas-Other 0.7 761040 Electr 0 326160 Peak LoppingH2GTCC 286998 9.101 91.01
0.2 217440 Heat 0 217440 Total 5093538 391.32
108720 Hydrogen 0 163080 108720 906.0 9.25309
Total Gas 0
Total Fossil Fuel 0
0
Other electric 0
Wind-land 115920 Electr 0 115920
Wind-sea 114840 Electr 0 114840
Hydro 21600 Electr 0 21600
Solar PV 45720 Electr 0 45720
BioEnergy 131760 Electr 0 131760
Total Renewables 429840 Electr 0
Coal Electricity 24840 Electr 0 24840
Gas Electricity 477000 Electr 0 477000
Nuclear Electricity 202320 Electr 0 202320
Other electric 31320 Electr 0 31320
Peak LoppingH2GTCC 0 286998.2 191332.1 1594.434 16.28416
Total Electric 1165320 1143529 5081789 1174958 9791.32 666510
679320

Primary
7114280 "Energy 6414828 5748318

Total E



Scenario
1 - RES

Greening a Country

extreme scenarios

Time of Day

2 Nuclear
or 6 CCGTS

Scenario

or a mix

Supply

H, electrolysis

o L N W A~ U0 o
)
N

Time of Day
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Decarbonising the UK — H2 & Electricity

Hydrogen: 35-40 % of electricity supply (use seawater electrolysis)
Aviation > 50% of Hydrogen supply
International trade

Mainly CCGT and/or Nuclear offer nearly constant power grid scenario
Benefits of thermal plant and better heat use in colder countries (like UK)
Scenario 4 (Short Term) and progress to 1 (LT) with international grids?
Cost ~ 2% of GDP-

Electricity | Installed
Scenario Supply | Capacity
2019 Baseline 1 1
S1 - Emphasis on Renewable 4.4 4.0
S2 - Emphasis on Nuclear 3.6 1.8
S3 - Emphasis on Nuclear and RES 3.6 2.2
S4 - Emphasis on Gas Turbines and RES 3.6 2.2
S5 - Similar to 4 low heat 4.1 2.4
S6 - Emphasis on Gas Turbines 3.6 1.8




A Liquid Hydrogen Tanker

Length OA
Draft FL
Depth

DW (000 t)
Speed (knots)
Power (MW)

IMO Restricting HFO opens door for GTs

14



Decarbonising the UK — H2 & Electricity

Hydrogen: 35-40 % of electricity supply (use seawater electrolysis)

Aviation > 50% of Hydrogen supply
International trade

Mainly CCGT and/or Nuclear offer nearly constant power grid scenario

Benefits of thermal plant and better heat use in colder countries (like UK)

Scenario 4 (Short Term) and progress to 1 (LT) with international grids?

Cost ~ 2% of GDP-

Electricity | Installed
Scenario Supply | Capacity
2019 Baseline 1 1
S1 - Emphasis on Renewable 4.4 4.0
S2 - Emphasis on Nuclear 3.6 1.8
S3 - Emphasis on Nuclear and RES 3.6 2.2
S4 - Emphasis on Gas Turbines and RES 3.6 2.2
S5 - Similar to 4 low heat 4.1 2.4
S6 - Emphasis on Gas Turbines 3.6 1.8

NEEDED!

20 years:
details & implement

2% of GDP

1000s of talented
Engineers & Scientists

Thank you for
your attention



Auxiliary

Slides




GAS TURBINES A CORE ACTIVITY AT CRANFIELD

H, and Gas Turbines

At Cranfield
Two Sites
1994 — Hydrogen for GTs
4000 + PG s
] 2000 Cryoplane
Leading research & 2010 - NASA Project
CPD Un|VerS|ty Now: ENABLEHZ2, HYPER

Airbus/ATI + 3 x Fly Zero + EU

+ + + Cranfield Own Projects

1946 - Cranfield College of Aeronautics
One of the 4 units was Aircraft Propulsion

1969 - Cranfield Institute of Technology (University)

1993 - Cranfield University (change of name)

17



Replacement - Aviation Example
Innovation Waves — Hydrogen and Electric

Innovation Wave |
10-15 yrs
Focus: Certification

Innovation Wave Il
20+ yrs

Focus: Efficiency

Innovation Wave Il
30 + yrs
Focus: Turbocryoelectric

18



Replacement Scenario 2 — Focus on nuclear:

Expand only nuclear to cover new energy demand

Replace Needto Replace
ltem Factors Replace with
Coal - electr 1 78300
Coal - Ind 0.7 54810 Electr
" 23490 Heat
Other- Coal 1 51300 Heat
Total Coal 207900
Petrol 0.8 462480 Electr
" 115620 Hydrogen
Diesel - Cars 0.8 559360 Electr
" 139840 Hydrogen
Diesel-GoodsV 0.8 375360 Electr
" 93840 Hydrogen
JetFuel 0.15 84870 Electr
" 480930 Hydrogen
Other Liquid Hydrocarbol 0.5 388500 Electr
0.4 310800 Heat
77700 Hydrogen
Total - Liq Fuel 3089300
Gas-electr 972000 Electr
Gas-Domestic 0.3 328320 Electr
" 766080 Heat
Gas-Other 0.7 761040 Electr
0.2 217440 Heat
108720 Hydrogen
Total Gas
Total Fossil Fuel
Other electric
Wind-land 115920 Electr
Wind-sea 114840 Electr
Hydro 21600 Electr
Solar PV 45720 Electr
BioEnergy 131760 Electr
Total Renewables 429840 Electr
Coal Electricity 24840 Electr
Gas Electricity 477000 Electr
Nuclear Electricity 202320 Electr
Other electric 31320 Electr
Peak LoppingH2GTCC
Total Electric 1165320
Total E 7114280

Decarbonised Demand Calculation

Gas TJ

54810
0
0

99102.86
86715
199771.4
174800
" 160868.6
140760
36372.86
961860
166500

4

4

116550

[=Nelelelellelelele e lolole oo oo lNo Mo RN

1143529

o

328320

326160

163080

115920
114840
21600
45720
131760

24840
477000
202320

31320

0

[=Melelelelelelelele oo oo NeoNeNoNoj

Electr- TJ TJ

Hydrogen

57810

116533.3

93840

529023

77700

108720

0

Hydrogen 000
tonnes

481.8

971.1

782.0

4408.5

647.5

906.0

0

Heat TJ

23490
51300

310800

766080

217440

H2 %

Sources of Electricity Supply

Factor

Electr - TJ

AvGen GW

InsStGW

Wind-land
Wind-sea
Hydro
Solar PV
BioEnergy

5.87723

11.84732 -~
Coal Electricity

Gas Electricity
Nuclear Electricity
Other electric

Peak LoppingH2GTCC

9.54021

53.78292

R OO R kR

115920
114840
21600
45720
131760

0
477000
3237120
31320

0

3.676
3.642
0.685
1.450
4.178
0.000
0.000
15.126
102.648
0.993
0.000

7.35
7.28
0.86
5.80
5.22

18.91
128.31
1.32
0.00

Total

4175280

175.05

7.89934

11.05298

0.00000

1143529

4180991 983626.3 8196.886

1369110

3714120

Primary

"Energy 6216630

4847520



Replacement Scenario 3 — Focus on RES and nuclear:

Expand RES and nuclear to cover new energy demand and peak load

Decarbonised Demand Calculation
ltem Replace Needto Replace |[GasTJ Electr- TJ Hydrogen Hydrogen Heat TJ H2 %
Coal - electr 1 78300 0
Coal - Ind 0.7 54810 Electr 0 54810
" 23490 Heat 0 0 23490
Other 1 51300 Heat 0 0 51300
Total Coal 207900 0
0
Petrol 0.8 462480 Electr 0 99102.86
" 115620 Hydrogen 0 86715 57810 4818 5.87723
Diesel - Cars 0.8 559360 Electr 071997714
" 139840 Hydrogen 0 174800 1165333  971.1 11.84732
Diesel-GoodsV 0.8 375360 Electr 0" 1608686 Sources of Electricity Supply Factor _ Electr-TJ__ AvGen GW_InstGW
93840 Hydrogen 0 140760 93840 782.0 9.54021 Wind-land 7 811440 25731 5146
JetFuel 0.15 84870 Electr 0 36372.86 .
" 480930 Hydrogen 0" 961860 520023 44085 53.78292| \VIndsea 9] 1033%0] 32774] 6555
Other 05 388500 Electr 0 166500 Hydro 1 21600 0685 086
0.4 310800 Heat 0 310800 Solar PV 15 68580 2.175 8.70
77700 Hydrogen 0 116550 77700 6475 7.89934BioEnergy 1 131760 4178 5.22
Total - Lig Fuel 3089300 0 0 0.000
0 Coal Electricity 0 0 0.000
0 Gas Electricity 1 477000 15.126 18.91
Gas-electr 972000 Electr ) 1143529 Nuclear Electricity 8 1618560 51324  64.16
Gas-Domestic 03 %zggg E':;” 0 328320 S— Other electric 1 330 0993 132
Gas-Other 0.7 761040 Electr 0 326160 Peak LoppingH2GTCC 0000000
02 217440 Heat 0 217440 Total 4193820 216.17
108720 Hydrogen 0 163080 108720 906.0 11.05298
Total Gas 0
Total Fossil Fuel 0
0
Other electric 0
Wind-land 115920 Electr 0 115920
Wind-sea 114840 Electr 0 114840
Hydro 21600 Electr 0 21600
Solar PV 45720 Electr 0 45720
BioEnergy 131760 Electr 0 131760
Total Renewables 429840 Electr 0
Coal Electricity 24840 Electr 0 24840
Gas Electricity 477000 Electr 0 477000
Nuclear Electricity 202320 Electr 0 202320
Other electric 31320 Electr 0 31320
Peak LoppingH2GTCC 0 0 0 0
Total Electric 1165320 1143529 4180991 983626.3 8196.886 1369110
2095560

Primary
7114280 "Energy 6216630 4847520

Total E



Replacement Scenario 4 — Focus on RES and CCGT:

Expand RES and CCGT to cover new energy demand and peak load

ltem

Coal - electr
Coal - Ind
Other

Total Coal
Petrol

Diesel - Cars

Diesel-GoodsV
JetFuel

Other

Total - Lig Fuel

Gas-electr

Gas-Domestic

Gas-Other

Total Gas

Total Fossil Fuel

Other electric
Wind-land
Wind-sea
Hydro

Solar PV
BioEnergy

Total Renewables

Coal Electricity
Gas Electricity

Nuclear Electricity

Other electric

Peak LoppingH2GTCC

Total Electric

Total E

Replace
Factors
1
0.7

0.3

0.7
0.2

7114280

Need to

Replace

Replace with

r

1

78300
54810 Electr
23490 Heat
51300 Heat
207900

462480 Electr
115620 Hydrogen
559360 Electr
139840 Hydrogen
375360 Electr

93840 Hydrogen

84870 Electr
480930 Hydrogen
388500 Electr
310800 Heat

77700 Hydrogen

3089300

972000 Electr
328320 Electr
766080 Heat
761040 Electr
217440 Heat
108720 Hydrogen

115920 Electr
114840 Electr
21600 Electr
45720 Electr
131760 Electr
429840 Electr
24840 Electr
477000 Electr
202320 Electr
31320 Electr

1165320

Decarbonised Demand Calculation

Gas TJ

457411

O WO O OO0 O0OO0ODODO0ODO0ODO0DO0OO0OO0OO0OO0OOoOOoOo

O OO0 OO0 O0ODO0DO0OO0O0O0O OO0 Oo oo

Hydrogen
Hydrogen 000
Electr - TJ TJ tonnes

54810
0
0

99102.86
86715
"199771.4
174800

" 160868.6
140760
36372.86
" 961860
166500

57810 481.8

116533.3 971.1

93840 782.0

520023  4408.5

116550 77700 647.5

328320

326160

163080 108720 906.0

115920
114840
21600
45720
131760

24840

477000

202320

31320
0 0 0

Heat TJ

23490
51300

310800

766080

217440

H2 %

5.87723

11.84732

9.54021

53.78292

7.89934

11.05298

Sources of Electricity Supply Factor  Electr-TJ  AvGen GW InstGW
Wind-land 7 811440 25731 5146
Wind-sea 9 1033560 32774 6555
Hydro 1 21600 0.685 0.86
Solar PV 1 45720 1450 5.80
BioEnergy 1 131760 4178 5.22
0 0.000
Coal Electricity 0 0 0.000
Gas Electricity 4 1908000 60502 7563
Nuclear Electricity 1 202320 6.416 8.02
Other electric 1 31320 0.993 132
Peak LoppingH2GTCC 0 0000 0.0
Total 4185720 213.86

4574118

4180991 983626.3 8196.886

1369110

2110320

Primary
"Energy

9647218 8278108



Replacement Scenario 5 — Focus on RES and CCGT but less heat:

Expand RES and CCGT to cover new energy demand and peak load

Decarbonised Demand Calculation
Hydrogen
Replace Needto Replace Hydrogen 000
ltem Factors Replace with Gas TJ Electr-TJTJ tonnes Heat TJ
Coal - electr 1 78300 0
Coal - Ind 0.7 54810 Electr 0 54810
" 23490 Heat 0 0 23490
Other 1 51300 Heat 0 0 51300
Total Coal 207900 0
0
Petrol 0.8 462480 Electr 0 99102.86
" 115620 Hydrogen 0 86715 57810 481.8
Diesel - Cars 0.8 559360 Electr 07199771.4
" 139840 Hydrogen 0 174800 116533.3 971.1
Diesel-GoodsV 0.8 L 375360 Electr 0" 160868.6
JetFuel 015 gig?g :?gt? gen 8 361347027.22 93840 7820 Squrces of Electricity Supply Factor  Electr-TJ AvGen GW  InstGW
¥ 480930 Hydrogen 0” 961860 529023  4408.5 Wind-land 7 811440 25731 5146
Other 0.5 388500 Electr 0 166500 Wind-sea 8 918720 29132 58.26
0.4 310800 Heat 0 310800| |Hydro 1 21600 0.685 0.86
77700 Hydrogen 0 116550 77700 647.5 Solar PV 1 45720 1.450 5.80
Total - Lig Fuel 3089300 0 BioEnergy 1 131760 4.178 5.22
0 0 0.000
0 Coal Electricity 0 0 0.000
Gas-electr 972000 Electr 6289412 Gas Electricity 55 2623500 83.191  103.99
Gas-Domestic 0.8 L 875520 Electr 0 875520 Nuclear Electricity 1 202320 6.416 8.02
218880 Heat 218880( |Other electric 1 31320 0.993 132
Gas-Other 0.7 761040 Electr 0 326160 Peak LoppingH2GTCC 0 0.000 0.00
0.2 217440 Heat 0 217440 Total 4786380 234.94
108720 Hydrogen 0 163080 108720 906.0
Total Gas 0
Total Fossil Fuel 0
0
Other electric 0
Wind-land 115920 Electr 0 115920
Wind-sea 114840 Electr 0 114840
Hydro 21600 Electr 0 21600
Solar PV 45720 Electr 0 45720
BioEnergy 131760 Electr 0 131760
Total Renewables 429840 Electr 0
Coal Electricity 24840 Electr 0 24840
Gas Electricity 477000 Electr 0 477000
Nuclear Electricity 202320 Electr 0 202320
Other electric 31320 Electr 0 31320
Peak LoppingH2GTCC 0 0 0 0
Total Electric 1165320 6289412 4728191 983626.3 8196.886 821910
2825820

Primary
7114280 "Energy 11362512 10540602

Total E



Replacement Scenario 6 — Focus on gas turbines:

Expand CCGTs to cover new energy demand

Decarbonised Demand Calculation
Hydrogen
Replace Needto Replace Hydrogen 000
ltem Factors Replace  with GasTJ Electr-TJITJ tonnes  Heat TJ H2 %
Coal - electr 1 78300 0
Coal - Ind 0.7 54810 Electr 0 54810
" 23490 Heat 0 0 23490
Other 1 51300 Heat 0 0 51300
Total Coal 207900 0
0
Petrol 0.8 462480 Electr 0 99102.86
" 115620 Hydrogen 0 86715 57810 4818 5.87723
Diesel - Cars 0.8 559360 Electr 071997714
" 139840 Hydrogen 0 174800 1165333  971.1 11.84732
Diesel-GoodsV 0.8 375360 Electr 0" 160868.6
" 93840 Hydrogen 0 140760 93840 782.0 9.54021
JetFuel 0.15 84870 Electr 0 36372.86
" 480930 Hydrogen 07 961860 529023 44085 53.78292|Sources of Electricity Supply Factor _ Electr-TJ AvGen GW __ InstGW
Other 0.5 388500 Electr 0 166500 Wind-land 1 115920 3.676 7.3
04 310800 Heat 0 310800 Wind-sea 1 114840 3.642 7.2¢
77700 Hydrogen 0 116550 77700 6475 7.89934|Hydro 1 21600 0.685 0.8¢
Total - Liq Fuel 3089300 0 Solar PV 1 45720 1.450 5.8
0 BioEnergy 1 131760 4.178 5.2
0 0 0.000
Gas-electr 972000 Electr 8462118 Coal Electricity 0 0 0.000
Gas-Domestic 03 328320 Electr 0 328320 Gas Electricity 74 3529800 111929 1399
r 766080 Heat 766080 Nuclear E|eCtriCity 1 202320 6.416 8.0z
Gas-Other 07 761040 Electr 0 326160 Other electric 1 313200 0993 1%
02 217440 Heat 0 217440 Peak LoppingH2GTCC 0 0.000 0.0
108720 Hydrogen 0 163080 108720  906.0 11.05208LT0@ 4193280 175.70
Total Gas 0
Total Fossil Fuel 0
0
Other electric 0
Wind-land 115920 Electr 0 115920
Wind-sea 114840 Electr 0 114840
Hydro 21600 Electr 0 21600
Solar PV 45720 Electr 0 45720
BioEnergy 131760 Electr 0 131760
Total Renewables 429840 Electr 0
Coal Electricity 24840 Electr 0 24840
Gas Electricity 477000 Electr 0 477000
Nuclear Electricity 202320 Electr 0 202320
Other electric 31320 Electr 0 31320
Peak LoppingH2GTCC 0 0 0 0
Total Electric 1165320 8462118 4180991 983626.3 8196.886 1369110
3732120

Primary
7114280 "Energy 13535218 12166108

Total E



Hydrogen Micromix Combustion FAREETE

Why Hydrogen?

Cranfield

University

No Carbon Wider stability Higher burning Higher
limits velocity diffusivity

|
N v ' { {

N H t Less Lumi : : .
0 CO,/COIUHC/S00 €8S LUMINOUS | o aner combustion Higher reaction rate <€  Faster mixing

*K Theoretical Flame Temperature

3000 —p- Radiation
Hydrogen ‘ l v
2500 —— | FETPR— | RIE— e Better Iiner Lower ﬂame Lower residence t|me
<« Control Range _ -
Hydrogen 9 durability temperature
; Kerosene
2000 —f———i
Control Range
Convertionel > Lower Shorter
3 —
— Kerosene ! )
- Combustor thermal  <— combustor
Kerosene NOX
1000 | Lean chv;.'.'c»ut i 1 = Idie (Taxi)
% Hydrogen H $(|= 'F:J'u ngg.(;rake-om
> H nlet) =
Lean Blowout p =5ATM
Ziemann J, Mayr A, Anagnostou A, Suttrop F, Lowe
500 M, Bagheri SA, et al. Potential use of hydrogen in
I | | l I air propulsion. EQHHPP, Phase 111.0-3. Final report,
0 0.2 0.4 0.6 0.8 1.0 1.2 14 submitted to European Union (contract no. 5077-92-
b 3 . - ] TR ' 11ELISPD).
Primarv C Zone E e Ratio Lean Rich Mixture
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Cranfield
University

ENABLE:-H2
« ~4ME€, 20+ (partners + industry advisory board)

H, Micromix flames

» Objectives
1. Hydrogen combustion — ultra low Nox
2. Fuel system heat management —
exploit LH, formidable heat sink potential
3. TERA
4. Challenges/scepticism — economic & safety

5. Introduce roadmaps for LH,
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ENABLEH2 — A World Class Team
CNIA DI EL12

Project Consortium

LSBU

SSAFRAN « GKN AEROSPACE
(EHA. Heathrow Zrmic’

EUROPEAN & HYDROGEN ASSCCIATION

EST 1892

Cranfield

University

The ENABLEH2 project is receiving funding from the European
Union’s Horizon 2020 research and innovation programme

under grant agreement No 769241

Industry Advisory Board
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Decarbonising the UK — H2 & Electricity

Hydrogen: 35-40 % of electricity supply (use seawater electrolysis)

Aviation > 50% of Hydrogen supply
International trade

Mainly CCGT and/or Nuclear offer nearly constant power grid scenario

Benefits of thermal plant and better heat use in colder countries (like UK)

Scenario 4 (Short Term) and progress to 1 (LT) with international grids?

Cost ~ 2% of GDP-

Electricity | Installed
Scenario Supply | Capacity
2019 Baseline 1 1
S1 - Emphasis on Renewable 4.4 4.0
S2 - Emphasis on Nuclear 3.6 1.8
S3 - Emphasis on Nuclear and RES 3.6 2.2
S4 - Emphasis on Gas Turbines and RES 3.6 2.2
S5 - Similar to 4 low heat 4.1 2.4
S6 - Emphasis on Gas Turbines 3.6 1.8

NEEDED!

20 years:
details & implement

2% of GDP

1000s of talented
Engineers & Scientists



