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Introductic

* Requirements for more sustainable systems off
technological solutions should be introduced. |
not straightforward

* OQur assumption is that first we need to deter
of achievable requirements for a technolog
important to understand for what type of
technology is viable f

—

* In order to illustrate this mapping of d
requirements, we examined the increasing ¢
power systems for aircraft and



Comparison CO2 Produc

Swede's flying 2019 approx. 20 million tonnes CO2
Swede's car use 2019 approx. 10 million tor

Heavy road transport 5 million tonnes CO2

Work machines 3.5 million tonnes CO2

Ships to and from Sweden, 8 million tonnes of CO2
SSAB's direct CO2 emissions of 9.8 million tor
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Technology Requirement
characterisics space

Functional Design
requirements parameters

Customer
requirements



Truck diesel

Petrol engine (with turbo)
Turbo shaft engine
Electric motor

Fuel cell (incl. syst)

1932 Pratt & Withney

0.7 kW/kg

1-8 kW/kg
6-10 kW/kg
1-10 kW/kg
0.4-0.8 kW/kg
1.2 kW/kg



Diesel (about the same as
petrol and kerosene)

Battery (Tesla, pack level)
Hydrogen

Hydrogen pressure storage

12600 Wh/kg

177 Whikg
33000 Wh/kg
1700-3300 Wh/kg



Truck diesel

Petrol engine (with turbo)
Turbo shaft engine
Electric motor

Fuel cell (incl. syst)

Battery

0.4
0.25
0.5

0.95
0.4-0.6

0.96



Technology Comfort Z

* Improvement in the technology coefficient, ¢
strength, specific energy or power, should hz
system performal

* The change in a design parameters, x, such

should have a lower effect on systermn

* Alow sensitivity from design parameters, x, 1
cheap to increase performance through ¢



/ Performance

p=fp(x9)

X. op
ko, i T AL
p Ox,
Cost benefit factor

1
o _Kopi [ X P [ X% o) _
" Ky P OX )\ coox

Cost

c = fe(x,0)

X ocC
0,c,i

C OX
How many percent the

performance can be
increased if cost is increased

1 one percent.

™




year
BMW i3
Nissan Leaf 40
Nissan Leaf 62
VW e-Golf
Tesla Model 3 SR
Tesla Model 3 LR

TeslaS SR
TeslaS LR
Tesla X SR
TeslaX LR

2019
2019
2019
2019
2019
2019

2019
2019
2019
2019

419000
397000
461500
403000
531700
649600
830000
946000
923000
1039000

335200
317600
369200
322400
425360
519680
664000
756800
738400
831200

Price
without

Price incl tax Price excl tax battery

208600
197600
183200
226400

254360
279680

409000
456800

513400
531200

E
power
[kwW]

125
110
160
100
211
211

581
581
386
386

empty min
weight weight weight-batt Battery

[kq]
1270
1580
1640
1640
1611
1847
2108
2200
2330
2459

[kl
1370
1680
1740
1540
1711
1947

2208
2300
2430
2559

empty

[kd]

fraction

Battery
weight
[kq]

1002 0.267584 268.0941

1326
1246
1437
1249
1339

1568
1565

1854
1824

0.191659
0.316088
0.1415
0.289953
0.37963
0.344388

0.406015
0.257061

0.348353

254.1176
393.8824
203.2941
362.1176
508.2353

540
635.2941
476.4706
635.2941

Battery

capacity

[kWh]

42.2

40
62
32
57
8o

85
100

75
100

Electric
range
[km]

310
240
364
190
409
560

450
610
375
505

kWh/100km
13.6
16.7
17.0
16.8
13.9
14.3
18.9
16.4
20.0
19.8



. . Cost is increasing
o o° o o« 7 much more than
*# . . proportionally to
size. This means
o that for a large
* e car a battery of
" the same fraction
of vehicle weight
| o - o, Willbe asmaller
| f-. mass ...;':It.,.;l i . |.,_E,| o Vehicle mass excl, batteries [kg] fraction of the
total cost.
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Technology Zones



Technology Forecasting: Ele

* Assuming incremental refinement of Li-
N (PIaCke et a|, 2017) Suggests ab(“ + ~ \A/I
* A cost reduction of 8 %/
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Grcraft range
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Cost benefit factor

cb_277 Wh/kg (2025)

Technology
comfort zone

(;b=408Wh/kg (2030)
~_ / Technology

- £,=175Wh/ k'~ \ \{/qrsitive
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Electric Construction Mac!

e Excavators have an aver
power much less than truc!

* Aworkday on a battery ch
could be done. There i
counterbalance weight
anyway... Technology Comf:
Zone

* Construction on sites oft
without a charaine
infrastructure

* Fuel cell is interestin



Aircraft

* Burning hydrogen directly in ! » Battery is hardly relev:
engines - |
* Hyd t stem | * An optimistic theoretical rz
ydrogen storage sy ‘_ < Shout 560km o

bl lly f haul | _ |
g;%rgeyrgeerﬁgfc\c/lal/ym?r ong takeoff weight with batte

* Airbus points at this for short Commeraal At mpgl: A
medium range aircraf an alternative airport shou!
reached and an extra 45 |
loitering, severely restricti
the operations making it CC
irrelevant

* Technology critical/impossib!






* In this pre

* Thisis used 1

* |tis parti
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