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Background - Urgency

CO, mitigation curves: 1.5°C

Since such steep

40 Gt - Constant emissions mitigation is

for eight years will impossible, the only

CO, ) use up the remaining way to achieve this

carbon budget budget is with very
large "negative"
30 4 emissions: pulling CO,
out of the atmosphere.
Starting mitigation in 2020
will require monumental
mitigation rates

20 -

Starting mitigation

in 2000 would have
required a mitigation
rate of about 4%/yr

For a >66% chance
10 4 of staying below 1.5°C.
Remaining budget:
420 GtCOs,.
Mitigation curves after
Raupach et al. 2014.
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Technology and Logistics both matter
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* Laden return journey = -40% energy for tractor-semitrailer
* Increase capacity of HGVs = 15-25%
* Logistical and Engineering both matter! 20




Reduction of Greenhouse Gases
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Key Issues for future energy systems

1. Re-energising time
2. Vehicle Range

3. Costs
= Infrastructure
= Vehicles
= Energy

4. CO, emissions
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Urban Delivery
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Urban Delivery

o

National or
Regional DC

Strategic Road

4_ Network (SRN)

Local DC .
/Supermarket Nat|‘onal or
/UCC Regional DC i
. - T~ Ity
Rolling-out now! ” N
\
, \
. 1
Parcel & home Convenience !
i :B E '
delivery: Battery EV stores & shops /

Urban delivery from UCC:
Battery EV/Opp. charge

All batteries < 85 kWh (Tesla ‘S’)

Refuse collection:
Battery EV/Opp. charge




Battery
capacity: : : g
450(4—435kWh = y v
400 300 kWh of additional Li-ion batteries:
350 q° Mass = 1.5 to 3 tonnes (20-40 passengers) |
= * Cost = £100k-£200k
i 300 Manufacturer’s
B 250 - Brren TTTTTINRTTTTTTT «" largest battery:
S Y Charging 250 kWh
a 200 capacity: cycles Overnight charging
%o .5 /138kWh
[

Advantages of Opportunity Charging:

* Smaller, lighter, cheaper batteries

* More payload

* Lower CO2 emissions

* Much lower overnight charging power

20% final SoC to
preserve battery life

¥
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00:00

21:00
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Hamburg, Germany
Innovation Line 109
4 X 300 kW conductive chargers

Milton Keynes, UK
Route 7
2 X 120 kW wireless chargers

]

10
© D. Cebon, 12/2/2020




Electrification of Long Haul
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Electrification of SRN

o

National or
Regional DC

SRN: Electric
Road System

Local DC ‘
/Supermarket National or
/ucc Regional DC
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Key Features of SRN: |
= 7000 km Motorways and key A-roads
= 2/3 Freight kms (rest mainly urban)

E-Highway Infrastructure:

= 5 separate motorway trials (Sweden,
Germany, ltaly)

= Cost £25b (DfT roads budget 5 yrs)
= Share substations with cars at services

Vehicles:
= Series hybrid (transition, resilience)
= Batteries < 85 kWh (Tesla ‘S’)
= Vehicle payback < 2 years

‘Green’ Hydrogen by
Electrolysis
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Useful Transport Energy
from Renewable Electricity
(U. Bossel, 2006)

Renewable AC Electricity
100 kWh

|
AC-DC Conversion
(95%) =» 95kWh

Electrolysis
(75%) =» 71kWh

H, Compression
(90%) =» 64kWh

‘Green’
HZ

AC via grid transmission
(90%) =» 90kWh

H, Transport/Transfer
(80%) = 51kWh

Tank to Fuel Cell
Wheel o

efficiency (50%) > 26kWh
looks I

good Electric vehicle
=45% (90%) = 23kWh,

N—_—

AC-DC conversion and
battery charging
(85%) =» 77kWh

Battery
EV

AC via grid transmission
(90%) =» 90kWh

AC-DC conversion
(95%) =» 86kWh

O

Battery Electric Vehicle
(90%) =» 69kWh

ERS Vehicle
(90%) =» 77kWh
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Land areas for

electrification of
UK Road Freight

No ERS:
e 10.6 GW
Glasgow Edinburgh * 3,500 wind turbines
P e Land Area=5,300 km?
United
L Kingdom ‘Green’ Hydrogen:
X . « 35.6GW
L Isle of Man (31 GW = UK average)
Man e 12,000 wind turbines
Dublin o O * Land Area=18,000 km?
Ireland Liverpool

Assumptions:
1. UK freight: 189b t.km per year
2. 0.19 kWh/t.km (44t), LF=0.75
3. Efficiencies:

0.77 ERS

0.23 H,
4.  Turbine power: 3MW
5.  Wind power density: 2 W/m?
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j‘ Scale-up?

World's largest Hydrogen Electrolysis in

Shell's Rhineland Refinery

Friday, 18 January 2019 08:55

ITM Power (AIM: ITM), the energy storage and clean fuel company, is pleased to note the announcement by Shell that it is building, with ITM Power, a
new hydrogen electrolysis plant, the largest of its kind in the world. The full text of Shell's announcement is set out below.

EUROPEAN CONSORTIUM WITH SHELL AND ITM POWER ANNOUNCE AGREEMENT TO BUILD ELECTROLYSIS AT RHINELAND REFINER

Shell and ITM Power will build the world's largest hydrogen electrolysis plant at Rhineland refinery, Germany. With a peak capadty of 10 megawatts
the hydrogen will be used for the processing and upgrading of products at the refinery’s Wesseling site as well as testing the tec
exploring application in other sectors.
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CO2 generated by 44t Lorries (BEIS data)
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‘Blue’ Hydrogen
by SMR+CCS
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Hydrogen Economy

The Plan
= Replace Natural Gas with
Hydrogen in gas grid
= Use Hydrogen for heating
and long haul freight

Vehicle
= Fast refuelling
= Good range

= Logistics models as now
Fuel Saled e s 2 R X502
-  SMR and CCS at scale o umm Tome T am
O e s s G CCC Plan
/\ small M svr-ccs [ AWE  —» Gh, flow via pipes 50-150cm

O Large B s PEM == (O, flow via pipes 75-200cm




Steam Methane Reforming (SMR)

Natural Gas
Methane CH,
LCV: 35.8 MJ/m3

\ 4

H,0

Hot Steam

\ 4

Steam Methane Reforming

SMR

\ 4

Hydrogen H,
LCV: 10.8 MJ/m3

Implications lower volumetric energy:
1. 3.3 x larger volume of H, needs to flow than CH, for same energy
2. 3.3 x pipe area (at same pressure) = 1.8 x pipe dia =» replace gas grid

Carbon

Sequestration
Co,
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Useful Transport Energy from Methane

Methane

100 kWh

/
37

CCGT
(64%) =» 64kWh

Steam Methane Reforming
(90%) =» 90kWh (HCV)

AC via grid transmission

(90%) = 58kWh

Gas Turbine&
+ CCS

AC-DC conversion
(95%) =» 55kWh

ERS
(90%) =» 49kWh

H, Compression
(90%) =» 81kWh

H, Transport/Transfer

(80%) =» 65kWh

Fuel Cell
(50%) =» 32kWh

Electric vehicle
(90%) =» 29kWh
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UK Natural Gas, 2018 (TWh)

4.0 Iron & Steel

1014 Other Industry

76

Other Final
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Exports Transformation & Energy Industry Use

Domestic

309.2 .
\ 0.2

Manufacture of
synthetic coke oven gas

577.8

438

Biomethane injection Non-Energy Use

Increases due to road freight

70% more CH, needed for Blue H, than for CCGT+ERS
Increase CH, imports by 24% (Blue H,) 73
x27 increase in Biomethane to fuel truck fleet CCGT +ERS

BlueH, [N

HPDI Engine (Bio Gas) —Q

., "
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Conclusions

—

Best of the low-hanging fruit is High Capacity Vehicles = 20%
Electric urban delivery is coming = Supply chains for EVs

3. Green Hydrogen (electrolysis):
Inefficient =» excessive renewable electricity

n

. High economic costs
. Alternative electricity storage systems are more efficient
. Questionable timescale

4. Blue Hydrogen (SMR + CCS)
3.3 times higher volume flow needed =»Replace gas grid
70% more gas than [Power station + ERS] =2»Energy security + Trade deficit

5. ERS (eHighway)

. Lowest energy and CO2 emissions
. £ less than DfT 2020-2025 budget for roads
. Well tested, Implement immediately

6. National ERS + battery electric urban delivery:
=>»Decarbonise most UK road freight operations by 2035-2040
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