Flyget, miljon och tekniken

Tomas Gronstedt, 2020-12-03
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* CO, utslapp fran flygande uppgick o0 sas et iz R
2018 till ca 918 miljoner ton.

« https://theicct.org/publications/co2-emissions-commercial-aviation-2018
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» Detta motsvara ca 2.4% av de totala

Global RPK (billions)

UtSIéppen 400 - 16
* Flygets miljopaverkan ar stérre pga wor 1
andra vaxthusgaser ool Los
« Utslappen (kg CO, / RPK) har minskat

med en faktor 20 sen 1950, en faktor
11 Sen 1960 ?950 1960 19‘70 19‘80 19|90 ZOIOO 20I10 202(()1

) . . Lee et al, https://www.sciencedirect.com/science/article/pii/S1352231020305689
* Snittutslappen ar 0.125 kg CO, / RPK
men kan na sa lagt som 0.05 kg CO, / RPK

Tidsperiod Passagerarkilometrar  COj-genering flyg

1971-1979 11.0% 1.18%

1980-1989 5.6% 3.84%

1990-1999 4.4% 2.67% ISSN 1653-0942 &
2000-2009 4.0% 1.12% 978-91-86673-57-4
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1971-2011 6.2% 2.26% Riksdagstryckeriet, Stockholm, 2014 T s



Inte bara CO,

* Forutom CO, dominerar effekter av vatten
genom kondensationsstrimmor och
molnbildning

Lee et al, 2020
3 https://www.sciencedirect.com/science/article/pii/S1352231020305689

Increasing policy relevance

Engine fuel
combustion

l

Direct emissions

|

Atmospheric
processes

!

Changes in
radiative forcing
components

v

Climate change

v

Impacts

v

Damages

Aircraft emissions and climate change

Fuel: CyHp +S

22 TRES

Ocean
uptake

Chemical
reactions

Complete combustion products:
CO3 + HyO + Ny + Oz + SO,

Actual combustion products:
COz + H0 + N3 + Oz + NO,
+ CO + HC + soot + SO,

@D G

b 4

A

Y A

y

Microphysical processes

A 4 Y

)( AO; ) AH,0 (AAerosol

Con

&

Y

Yy ——

.

trails)

@s in temperatures, sea level, ice/snow cover, predpikaﬂ)

¥

Agriculture and forestry, ecosystems, energy production and consumption,

human health, social effects, etc.

¥

Social welfare and costs

Lee et al,

2009

2020-12-03



Vad blir det for utslapp

e FOorutom CO2 har vi:
* NOx
e Contrail cirrus

* ERF = Effective radiative forcing

Lee et al, 2020

4 https://www.sciencedirect.com/science/article/pii/S1352231020305689

Global Aviation Effective Radiative Forcing (ERF) Terms

CHALMERS
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Vara barnbarn
ar bara intresserade
av koldioxiden

« Tittar man pa vilken temperaturokning
ett flyg i dag orsakar om hundra ar blir
det totala bidraget bara cirka 10 procent
hogre an om man bara beaktar
koldioxid.

| DN Debatt

DN Debatt. "Koldioxiden dir flygets
stora klimatpaverkande faktor”

sl

Det idr inte korrekt att pasta att andra faktorer 4n
koldioxid star for flygets stora klimatpaverkan.
Langsiktigt dr det koldioxiden som dominerar. Om
flyget gick pa biobriinslen skulle alltsa flyget radikalt
minska sin klimatpaverkan, skriver professor
Christian Azar och docent Daniel Johansson.

'F vy B Lis senare O
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Far vi ett branslebyte?

CHALMERS
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ES19,

Batterier Heart

Aerospace
* Round-trip-efficiencies for batterier ar hoga
= Wh/l
» Underhallskostnader for elflyg borde bli S 900 Ref: 18550, 4.0 Ah
avsevart lagre an for konventionell turboprop -
PRSI Li-P, Li-lon
- Inte troligt att man far rackvidder mer 0| sl
an nagra 10-tals mil fram till 2030 i alla fall 600
500
Ref: 454261 Polymer
 Borde ga att kora pa ca 500 kWh/kg = wa-rv% Li-Polymer |
300 Li-Metal
200 Ref: 553450 Prismatic Cell
" agn . NI-Cd
» Kanske majligt med en ATR-72 till 2050 0 g
Lead-Acid
100 200 300 400 500 600 Wh/kg
LIGHTER
° Svért med marknad: Bl Established Technologies [l Emerging Technologies

» Upphandling kraver ett trovardigt natverk
Abbildung 3: Vergleich der volumetrischen und gravimetrischen Energiedichten etablierter (grau) als
auch kiinftiger (orange) Materialsysteme mit Referenzzellen verschiedener Bauformen (18650 = Rundzel-
le mit 18 mm Durchmesser und 65 mm Hohe)



Vem ska utveckla batterierna?

Table 1. - Battery requirements for future Battery Electric Vehicle (BEV) applications

BEV - Parameter at CELL level

State of the art
2019
(approximate
d average
values)

Condition
~400km

Target 2030
Mass market
PC lowrange PC highrange
>600km

Target 2030
Mass Market

Target 2030

Mass market
Commercial

HDV

i @ 1/3C charge and discharge at 25°C =
Specific energy Wh/kg (charging with CC and CV step) 250 450 450 450
@ 1/3C charge and discharge at 25°C -
Energy density Wh/i (charging with CC and CV step) 500 1000 1000 1000
Continuous specific power - discharge W/kg 180s, SOC100%-10%, 25°C 750 1000 1000 1000
Continuous power density - discharge w/l 180s, SOC100%-10%, 25°C 1500 2200 2200 2200
i 1350/ -
Peak specific power PC - discharge 10s, SOC50%, 25°C / -25°C (PC)
Peak specific power CV - discharge Wike 60s, SOC50%, 25°C / -25°C (HDV) 1500/200 1800 /600 190 /800 perfd”e mnce
Peak power density PC - discharge 10s, SOC50%, 25°C / -25°C C
Peak power density CV - dischqrge Wi 60s, SOC50%, 25°C / -25°C SR ACTE o AR e s
Charging rate C(1/h) SOC 0%-80% 3 35 35 3
Self discharge Yo SOC100%, 25°C, 30 days 1 1 1 1
Cycle lifetime WLIP for cars =
Cvele Meliire for kucl: /b Energy throughput MWh 25°C, DOD90% until SOHB0% 20 22to 24 22to 24 N/A
EUCAR safety o
Hazard level levels <=4 <=4 <=4 <=4
Cost € / kWh 220 70 70 70

2020-12-03



Elflygets framvaxt kan inte i huvudsak
drivas av miljohansyn

* En liten del av flygets utslapp kommer
fran korta distanser

* Elflyget kan utvecklas fran t.ex. air-taxi &
en successiv forbattring av batteriteknologi

Yutko, Hansman
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JourNAL oF PROPULSION AND POWER
Vol. 35, No. 3, May—June 2019

Hybrider

* Luftmotstand fran flygplan beror av densiteter

Considerations for Reducing Aviation’s CO, with Aircraft
Electric Propulsion

Alan H. Epstein® and Steven M. O"Flarity
Prant & Whitney, East Hartford, Connecticur 06118

DOE: 102514/ 1. B3T015

* Dragkraften samvarierar

The reduction of aviation’s C(); emissions is 3 major objective of the aviation industry. Abowt Y8% of the world s

* Motorn arbetar vid hog verkningsgrad under s grme e g o Tl
nastan hela flygningen Sy S e T S L B o i PR
L1 0 M . and turboeleciric approaches are considered. Technical issues including weight, efficiency, and hest rejection are
° Over 50 A') termlsk Verknlngsgrad examined. In addition, economic and policy implications of an indusiry conversion o eleciric propulsion are
:Ilsru.wtri 'l:he c_unrlusinn of this study is that e].m.jtril: propulsion is not 8 promising path to significant reduction of

* Medelverkningsgrad for forbranningsmotorer it e il o e T b o e 0t oot

i personbil ar kanske 20%, pga bla mer varierad
korcykel

10 2020-12-03
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R CHAPTER ONE Aviation and Environmental Outlook 24

Aviation and the
Environment: Outlook

By Prof. Nick Cumpsty (Imperial College, London), Prof. Dimitri Mavris
(Georgia Tech University) and Dr. Michelle Kirby (Georgia Tech University)

The authors would like to acknowledge the invaluable contribution of the Independent Expert Panel: Juan Alonso (ICSA), Fernando
Catalano (Brazil), Nick Cumpsty (UK) Co-chair, Chris Eyers (EC), Marius Goutines (France), Tomas Gronstedt (Sweden), Jim Hileman (USA),
Alain Joselzon (France), lurii Khaletskii (Russia), Dimitri Mavris (USA) Co-chair, Frank Ogilvie (UK), Malcolm Ralph (UK), Jayant Sabnis (USA),

Richard Wahls (USA), David Zingg (Canada). Single aisle
2017 TRA 2017 TRA
* Nytt medeldistansflygplan 2028 (N1) Optimized\t
 Nasta generation kanske 2037 (N2) 3 soar NI W20
- Bade lang och medeldistans 5 pr Y 027 O
) 2037 - Nominal
% 250 Nominal
» Svart att se att det gar att klamma ur fler B 257 Nt gt snpoi
an tva generationer flygplan med turboflakt och @ —— s T
11 tUbe-and-Wlng 2400.100 o 0.110 - o.{zo - 0,1730 o 0.140 7 o 0150 3

Fuel Burn (kg/ATK)



ICAO repor't Design range 8100 nm 0.190

Reduced design range 5900 nm 0.126
* Det ar valdigt ineffektivt att flyga
|énga StraCkor :‘*ﬁz ;rlciTa’scf;m?:ﬁii University of Technology

Kompletterande perspektiv om flyget, miljén och AB Sverige pa debattplats i DN i
morse.

* Korta ned design range =>
* FB/ATK -34% https://Inkd.in/e6c7ZK3

» Seata tatt!

* Vad tror ni hander med ett bransle
som har lag energitathet?

"Mellanlandning kan halvera utsldppen fran Thailandsresa” - DN.SE

an.se
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Mojliga branslescenarier

I T

2028 (N1) Vatgasdemonstrator + Vatgasdemonstrator +
ny single aisle ny single aisle
2035 (N2) Nytt vatgasdrivet Ny single aisle +
medeldistansflygplan + twin aisle
konventionell twin aisle
2045 (N3) Ny forbattrat vatgasteknik + Ny radikal teknik.
battre flygplan

* Tror man forsoker pressa rackvidderna uppat

* Minst 350 mil men troligen mer.

13




Medeldistansflygplan

o Rp, L N, CHALMERS

D Exhibit 9

) TN w Medium-range aircraft powered by H, turbines
Y \# ‘,:? Evolutionary aircraft 52:‘?3 e A +22%
N\ AN
:\ ‘§ Design mission: 250 PAX, 7,000 km range, cruise speed Mach 0.82 '_\
., > co,
2 LH, tanks in front and back of PAX cabin - added weight; 29 tons reduction % 100%
@ H, turbines generating propulsion power
g Cemeipat D 50-60%
|
X s £
 Ger valdigt stor miljonytta L N W 30-40%

cost CASK2

 Turboprop (lagre fart & kortare P
Sl @ 20 years

rackvidd) ar ett alternativ .‘ o
om teknikutvecklingen ' L
gar daligt. 700 mil for vatgas

al" Valdlgt |éngt @ H turbine

1. Major assumptions: 37% gravimetric index of LH, tank, 92% useable LH, fuel, 47% H, MTOW? i +12%
turbine crulse efficiency, 80% fan efficiency
2. Cost per avaiable seat kiomeater

1 1 ~ 3, Maximum take off weight
* Contrail avoidance kravs
2 The gravimetric index of a tank is calculated by dividing the mass of the stored hydrogen by the sum of the mass of the stored hydrogen and the empty
14 tank weight. A gravimetric index of 50 percent means that the empty tank is as heavy as the stored hydrogen.

¥ Guynnetal. (2004), Marino et al. (2015)



Vad behovs for vatgasen

CHALMERS

Har visades bild 32 ifran presentationen:
Latest developments in the Emerging Hydrogen Economy:

https://www.ideals.illinois.edu/bitstream/handle/2142/108370/Tim%20Lindsey%20The%20Emerging%20Hydrogen%20Economy%20September%2010%2C%202020.pdf?sequence=2&isAllowed=y
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