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HYdI'Ogen For power system experti ise
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_ CH,OH CH,OCH, CH,CH,OH GC,H,, C,Hao
_ 16.04 32.04 46.07 46.07 100.2 198.4
_ 0.00072 0.792 0.661 0.785 0.737 0.856
_ 162 64 -24.9 78 38 =204 125 - 400
_ 0.0346  15.82 18.92 21.09 32.05 35.66
_ 47.79 19.99 28.62 26.87 43.47 41.66
_ 75 5 55-60 12 93-97 46-55
_ 51.76 22.36 30.75 29.4 47.46 46.94
_ 74 37.5 52.2 52.2 85.5 87
_ ~7-25 0 0 0 ~200 ~250
_ 600 440 350 376 280 177-329
CIGRE Paris Session 2022 [Semelsberger, 2006 & Sinor, 1997]
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1. Does a DME vehicle emit more
Emissions & use more Energy than an
EV?

2. What can be done to Optimise

these fuel-type vehicles.

ST
@ agre
@ Oo O,

PLEASE MIND THE RESEARCH GAP BETWEEN THE PLATFORM AND THE TRAIN




Thesis Objectives "3‘-.5" CI

1. Understand Fuel & Vehicle Pathways

2. Quantify their Emission and Energy
Intensities

3. Approach Optimised Technologies
through the Introduction of Variances
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1. Understanding Fuel & Vehicle Pathways @ﬁ‘c'ﬂe

Barriers to Entry  Refining & Processing
Existing Infrastructure

\ Raw Material Extraction Alternative Processes

Usage & Combustion

Future Outlook
Storage & Distribution

. Current Applications
Transportation

Manufacturing

End of life recycling processes



o o » 55N
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GREET ® + Excel = LCA

WTW

‘ &,
WTP PTW x




Base Scenarios (BS) (2 cigre
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BS De Slg n= (WTW) Fuel + (WTW) Glider Attributes + (WTW) Bespoke Vehicle Attributes
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BS1 & BS2

NA Average Electricity Mix Electric Transmission
Generation and Distribution
J

N

European Average Electricity Mix 2020

Biomass
Nuclear

6,30%
26,60% / ’

Hydroelectric
/_ 9,50%
Natural Gas
20,50%

Coal
21,50%

Oil
0,10%
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NA Average Electricity Mix 2020

Waste

0,35% Geothermal

_\ Nuclear 0,44%
Bio;‘z’oe/ls_‘ N\ 17,55% Hydro Solar PV
a7 13,51% /_ 1,60% Solar
,——_thermal
Wind 0,07%
5,91% LS
0,0004%
K Other sources

0,10%

Natural gas
32,78%

1,55%

Electric Transmission

and Distribution

European Average Electricity

Mix Generation
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BS3 — NA DME

NA NG Average from

Conventional and Shale Gas

DME

Transportation &
DME Storage —
Distribution to

Storage

( J

Process made up of

Transportation

sub-processes
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NA NG to
DME plant

Direct DME
Production from NG

Stationary

Process
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BS3 — EU DME (Zg)mgre
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European NG from Recovery - NG to
DME plant

European DME

Direct DME
— Production from
European NG

Transportation &
DME Storage —
Distribution to

Storage

Process made up of Transportation Stationary
sub-processes Process Process
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BS Results

Largest Energy / Emissions per Vehicle Type

co: | 205 (<)
cs. I, -
sox I - <
Pvzs | 51«0
o | :2 <0 » DME
voc I - )
co I - (- ]
voc | :o: : EV
waer | ::: © .

1 10 100 1000 10000 100000
Measurement Quantity

CIGRE Paris Session 2022

© CIGRE 2022 15

For power system expertise



North American (BS1 & BS3)

Measurement EV DME
Total Energy (GJ) 494.4 745.3
Fossil Fuels (GJ) 396.2 706.8
Renewable Energy (GJ) 98.2 38.45
Water (kL) 281.9 54.57
VOC (kg) 98.9 103.0
CO (kg) 32.7 292.2
NOx (kg) 30.8 34.9
PM10 (kg) 9.9 4.3
PM2.5 (kg) 4.3 2.1
SOx (kg) 134.4 48.3
CH, (kg) 75.8 161.2
CO, (kg) 29670 41205
GHG-100 (kq) 31650 46755

CIGRE Paris Session 2022

DME Relative to
EV

@ aigre

/ For power system expertise

Europe (BS2 & BS4)

DME Relative to
EV

Measurement EV DME
Total Energy (GJ) 489.3 739.0
Fossil Fuels (GJ) 349.6 694.05
Renewable Energy (GJ) [ 139.7 44.95
Water (kL) 262.6 49.32
VOC (kg) 98.4 103.1
CO (kg) 36.5 291.0
NOXx (kg) 28.2 34.5
PM10 (k) 12.8 4.7
PM2.5 (kg) 5.1 2.2
SOx (kg) 130.3 45.9
CH, (k) 67.8 161.3
CO, (kg) 28800 40650
GHG-100 (kq) 28365 45765
© CIGRE 2022 16




Variance Scenario (VS) @Z‘) cigre
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Project Progression .

Initial
Global LCA

Final
Representative LCA
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Variance Scenarios

Electric
EV Wind Electricity E— Transmission —

and Distribution O—O

DME Plant DME Storage I <
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1000 km
250 km 250 km
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Notable VS Results (ég) cigre

/ For power system expertise

Optimal Variance Scenarios (VS2.1 & VS4.1)
Measurement EV DME DME Relative to EV D0 /
o \ -
Total Energy (GJ) 347.11 830.86 ® \
Fossil Fuels (GJ) 174.87 156.31 /
Renewable Energy (GJ) 172.23 674.55 +991.7%
Water (kL) 28.20 31.99
VOC (kg) 96.58 96.51
CO (kg) 22.09 285.32
NOx (kg) 16.72 29.17
PM10 (kg) 6.64 4.10
PM2.5 (kg) 3.04 1.97
SOx (kg) 103.80 38.22
CH4 (kg) 36.77 51.25 <
C02 (kg) 11808.00 33217.00 Q ‘&
GHG-100 (kg) 13594.00 12032.00 P %

CIGRE Paris Session 2022

© CIGRE 2022 19



ST
DME or EV 2 Cigre
Measurement BS | Value | Unit Measurement BS | Value | Unit
Total Energy 3 | 7453 | GJ Renewables 2 | 139.7 | GJ
Fossil Fuels 5 706.8 Gd Water 1 281.9 kL.
VOC 4 103.1 kg PM10 2 12.8 kg
CcO 3 | 292.2 | kg PM2.5 2 5.1 kg
NOx 3 | 349 | kg SOx 1 | 1344 | kg
CH4 4| 1613 | kg
CO2 3 41205 kg North Ameri B
or merica urope
GHG-100 3 | 46755 | kg =
EV DME EV DME
Total Energy (GJ) 494.4 745.3 489.3 739.0
Total Emissions* (Tonnes) | 30.10 41.85 29.18 41.29
\
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18 tonnes payload

Urban Share = 68.5%

v

Average Distance Travelled = 30 miles

components fluids

C@+ Y F(
F=1

ADR battery

WTW = WTP + Mode + Z Aa) + Z B(b) + Z

A=1 b=1 c=1

System

Pathway

Process

Technology &
Resources

Total CH, Production per 100km (g/hkm)

CIGRE Paris Session 2022

Operating Fuel
= Conventional
Diesel from Crude Oil

Energy Intensity
=0.75 J/kg m

e Fuel Economy

= 9.22 miles/gallon

DME vs. EV
LCA

Base Scenarios - Life-Cycle CH, Breakdowns

107.46 107.53
5.4% 5.3%
13.4% 13.2%
50.50
45.22
31.2%
34.8%
28.1%
- -
BS1 BS2 BS3 BS4
W Fuel WTP  ® Mode - Regular Total Glider Total Bespoke
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