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GAS TURBINES - CORE CRANFIELDACTIVITY - ENVIRONMENTAL FOCUS

H, and Gas Turbines
At Cranfield

Two Sites 1994 — Hydrogen for GTs
4000 + PG S 2000 Cryoplane
Leading research 2010 - NASA Project

& CPD university LA

+ + + 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)



Some Observations

Sustainability = Environment + Economy

=
Cutting out carbs

OBR - £1.3tr (gross) to green the UK — 2% of GDP in 30yrs CRn, ot s o Seacing aef o Ly faclox

Forecast, relative to current path, 2019 prices, £bn

W \Vehicles W Buildings W industry M Power
W Carbon capture and storage’ Otther

Why Hydrogen?

H2: No CO2 (if green)
No CO, UHCs. aromatics _soot SQOx

<vach lower potential NOx than Hydrocarbons — 90%7 >
Cirrus avoigance

Transition cost, certification & legislation!



Holistic Use & Capacity on a National Basis

Energy TJ
Demand:

Coal - electr 78300 [
Goal - nd 78300 Heat + Electricity + Transport
Other 51300
Total Coal 207900

0
Petrol 578100 ° ° °
Diesel - Cars c09200 Decarbonise avoiding
Diesel-GoodsV 469200
el 565800 socio-economic damage
Other (Marine 12%, Rail 4%) 777000 .
Tota Liq Fuels 3085300 same demand scenario

0
Gas-electr 972000
Gas-Domestic 1094400
Gas-Other 1087200
Total Gas 3153600

0

Capacity
GwW 0

Wind-land 13.99 115920
Wind-sea 9.89 114840
Wing 08¢ 14840 2019 Energy Demand & Supply
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
Av gen Capacity 36.95 0Source = DUKES (UK govt) + researcher’s estimates

Total Primary E 7114280



Decarbonising the UK — H2 & Electricity

Hydrogen: 35-40 % of electricity supply (use seawater electrolysis)
25 kt/day Aviation 40- 50% of H2 supply, Liquify at airports

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




Decarbonising an Oil Exporting Country

Solar Case Study: H2 for National Demand + Night Electricity Generation + Energy Exports
Project Economic Growth to 2050 — Conventional

Satisfy all 2050 Requirements with H2 and Electricity, including night electricity with H2CCGTS

Seasonal demand and supply.
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Power - GW
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Time of day (hr) - Summer
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Time of day (hr) - Summer

Generation Power Installed GW

Power - GW

Always for export case = 2100 PJ of H2 or 17.5MT of H2

0 4 8 12 16 20 24

Time of day (hr) - Summer

Solar Area Wind Area

130

He CC Electrolyser H2 Storage  H2CCGT|
units GW tonnes units
491 43500 54

298 24000 44
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STATCOMs (x60)

L
150kv switchgear I_, .

A 20 GW PEM Electrolyser H2 Farm
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A Submersible 1 MW HeCCGT Nuclear Power Station

f k—=—

He PCU + ST Gen

< >

atA

Section 1

Sectionw C&N - Crew & Navigation
atB

@ RS - Reactor Services




HVLMR Froma family of 1t generation H, airliners

Design Derivative & Vast Integration Challenge — NOT a retrofit!

HVLSR — 720 Pax — 1,800 nm AIRBUS [AIRBUS | HVLSR | HVLMR | HVLLR | HVLER
m 317 577 288 274 304 310
316 575 287 273 303 309
236 394 275 251 275 276
Energy +10%
68 83 80 50 45 36
155 276 194 200 229 238
I
. Energy +20% 2 4 2 2 2 2
87 81 84 81 88 90
Static thrust/engine (kN) 432 374 421 406 441 448
HVLER — 232 Pax — 5,500 nm 8700 8000 1800 3300 4800 5600
"""" 315 555 720 388 332 232

Huete, J., Nalianda, D., & Pilidis, P. (2022). Impact of tank gravimetric efficiency on propulsion system integration
for a first-generation hydrogen civil airliner. The Aeronautical Journal, 1-9. doi:10.1017/aer.2022.60



A Mature National Hydrogen Network?

Large GH2 Users
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Median earnings by constituency,

W o all employees, 2011
g S
‘6. I Over £35k
Ny I £30k to £35K
I £25k to £30k

I £20k to £25k
I £17k to £20k
Under £17k
Data unavailable
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