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MMMMMMMMM Statement on Environmental
Assessment of Electric Vehicles

-----------------------------------------------------------------------------------------------------

“There is international consensus that the
environmental effects of electric vehicles can
only be analyzed on the basis of

Life Cycle Assessment (LCA)

including the production, opeUmn ahd the end
of life treatment of the vehicles”

and in cyparlson to conventional
vehicles’
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Assessment of
LCA-Aspects over Full Value Chain

Primary Energy

OUTPUT

Gaseous emissions
e.g. CO, CO,, NO,, PM

Liquid emissions
e.g. waste water

Solid waste
e.g. ash

Others e.g. noise
odour, radiation
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Sustainability in the Life Cycle based on
Whole Value Chain

Resources Products
& , &
raw materials services

Environment Economy Society

Environmental, economic and social assessment of

sustainability based on scientific indicators
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Examples of Indicators in Life Cycle
Sustainability Assessment (LCSA)

@#® > Environment

| v  GHG emissions (t CO,-eq/a)

\/Primary energy demand (GJ/a) (biomass, renewable, fossil, others)
v’ Area demand (ha/a)

S | > Economy
- v/ Production costs (€/a)
21 v'Revenues from products (€/a)
; — j Value added (€/a)
o2 Employment (persons/a)
! v/ Trade balance (€/a)
— » Society
- v’ Workers
v’ Consumers
v Local community
v Society
v'Value chain actors (excl. consumers)
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The 2 Keys:

Renewable Energy &Energy Efficiency

Internal combustion engine and battery electric bus

Electricity

coal Diesel,

incl.
Electricity biofuel
natural gas blending

Electricity PV incl. storage

Electricity wind
Electricity hydro power
>

2 3,000t
9
@ _ 2,500
5E
o = 2,000
S ¢
o o 1,500
® O
2 21,000
o
o 500
G
0
0

100 200 300 400 500 600 700 800 900
Energy consumption of bus [kWh/100km]

Source: LCA of busses, Joanneum Research
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Overwew LCA Act|V|t|es in IEA HEV

C IEA HEV Task 19 ,,Llfe Cycle Assessment of Electrlc
Vehicles - From raw material resources to waste

management of vehicles with an electric drivetrain”
(2011 — 2015)

®w |I[EAHEV Task 30 ,,Assessment of Environmental
Effects of Electric Vehicles” (2016 — 2019)

® |[EA-HEV Project ,,Facts and Figures on
Environmental Benefits of EVs* (2016)

_ ] EMPA
® Main Partnes: rg?ﬂ.ﬂ?.ﬁ IRMEC? ‘w

stitute for Energy Resea

JOANNEUM
RESEARCH ) Deutsches Zentrum
LIFE DLR fur Luft und Raumfahrt

@ CIRAIG
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o Series of Workshops:
2016 — 2019

PROGRAMME

2016  : 2017 : 2018 : 2019

P CIR AlG Final Results
- of Task

|REC O1WSIV: “Overall enwronmental assessment
Cog i o ey s of EVs”, Barcelona/Spain 05/2019

WS li: ,,Effects of EVs on air”, # N
: Stuttgart/GERMANY, 01/2018 . G o .
WS I: ,,Effects of EVs omnEu »))) e
on water”, Graz/AUSTRIA 01/2017 ive 2 : A e N
. il R 4 ‘

| Kick-off meeting \
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What is LCA of electric vehicles useful for?

®m LCA can‘tanswer the questions usually asked (,WWhich system is the
best?”), but it can help understanding the question

m LCA fosters the understanding of systems, of causalities and
conseqguences

® LCA can also initiate a discussion on values (how important is which
environmental effect?)

® Thinkin ranges instead of exact numbers, consider system boundaries
and assumptions

THE INNOVATION COMPANY
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The 7 Key Issues in LCA of EVs

1) General issues: data availability reflecting the state of technology
2) Life cycle modeling: end of life-recycling, data quality, allocation, life time

3) Vehicle Cycle: production—use—end of life, overall energy demand of vehicle

4) Fuel Cycle: Electricity generation, choice of mix: green«~marginal<average

5) Inventory analysis: c0,, MJ, kg « CSB5 waste water, heavy metals
6) Impact assessment: GHG, primary energy < biodiversity, toxicity
7) Reference system: vehicle size, driving range, < 100% substitution?

Example: 100 BEV
« 85% substitute ,fossil driven” ICE

kilometres*
] * 15% substitute walking, bicycling, 3 . .
Source: G. Jungmeier, J. B. Dunn, A. | public transport and additional .. D. Ozdemir, H. J. Althaus, R.
Widmer: Life cycle assessment of eled. mobility 19 of the International Energy
Agency (IEA) on Hybrid and Electric Ve. 5 45 .qditional vehicles? sport Research Arena 2014, Paris,

France, April 14-17, 2014.



IEA INTERNATIONAL ENERGY AGENCY

" HYBRID & A ))))j
ELECTRIC LIFE /
VEHICLE

TECHNOLOGY
COLLABORATION
PROGRAMME

Vehicle cycle —
energy consumption in the use phase

® Drive train (driving from A to B, without the consumption of
any device which is not directly needed for propulsion)

® Heating and air conditioning

® Auxiliaries (Light, Radio, Navigation etc.)

: 250 Ratio “bad” / “good” "
® Standstill losses °
Charging: =2-3
m Battery charging losses SCRATENEIOSSESs | Stndstill: =50
(On-bOard Veh|C|e) % " Standstillosses Heating: =10
E, 10 M Auxiliaries
2 A/C: =5
Charging losses ratio of 2 — 3 means that the £ 100 ® Heating '
highest observed charging losses canbe 2to 3 | 2 o
. . . <] M Air conditioning
times higher than the lowest charging losses, © Basic: %143
whereas in the graph the average absolute 50 W Basic consumption
charging losses are estimated overall:  =2.3
THE INNOVATION COMPANY H.J. Althaus, Empa (2013) - ) For the same vehicle!
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" 300 dnternal combustion engine and battery electric passenger cars

o

o

‘» Diesel

o 250 Electricity !

CIEJ 200 Electricity

L natural gas o

o= 45 Biodiesel

& § rape®)

o & 100 Ren-H,

= hydro power

o O 50 | Elect |C|ty

g > hydrg FT-Biodiesel
0 wood

0 10 20 30 40 50 60 70 80 90
Fuel consumption [kWh/100km]

Source: LCA of passenger vehicles, Joanneum Research, *) without iLUC
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o
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Renewable & Energy Efficiency

internal combustion engine and battery electric passenger cars

o Diesel
Electricity
Electricity UCTE mix
natural gas o
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lectricity PV incl. stor Ren-H,
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Source: LCA of passenger vehicles, Joanneum Research, *) without iLUC
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Fuel cycle — choice of electricity mix

National Consumption mix (commonly used for impact of electric driving)
National production mix

Marginal mix (mainly for impact on electricity system)

Specific technology mix (e.g. 100% renewable)

Consumption mix at specific time

Production mix at specific time

Marginal mix at specific time

THE INNOVATION COMPANY
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MMMMMMMM : Additional Renewable Electricity
Production and Electric Vehicles
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,Direct connection*
,Via storage“
»Stored in Grid*
,,Real time charging®

hOON=

THE INNOVATION COMPANY
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Charging of EVs with
Additional Renewable Electricity

“Direct connection” “Via storage”

A A
electricity electricity
from PV

from PV
— Llon N
electricity /f\ “\ ‘f\ — electricity ‘f Hydro
from wind — ‘-E@ from wind ’f\ /f\ - ->»| Pump |=> —>
1 { = R

“Stored in grid*“ “Real time charging”

PV substitution of natural gas
CC power plant during the PV
day, e.g. “lunch time” PV production substitution of natural
1 kWh gas CC power plant
» § n=90% -

A 4

n=<100%
> > \I'\ > > \”\
0.7 kWh Saving
n =<100%
- Direct PV loading n=90%
0,3 kWh
o -~ ~ | | v
s <€ <€ I
14Wh Additional electricity -« |
from coal power plant Loading of EV "‘d"eg‘ﬁ\\/lv':ad”’-‘l Production
during night 1kWh ‘

THE INNOVATION COMPANY
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- Emissions of LoadingStrategies with
Additional Renewable Electricity

120 -

100
100 $—

80 electricity from PV
- \\' 73

-Li-lon Battery

GHG emissions [g CO,-eq/kWh]

60 1 -=-Hydro Pump Storage
Li-lon Battery
40 - 28 ——Hydro Pump Storage
20 electricity from wind power
— 13
0 . .
0% 50% 100%

Simultaneousness of EV Loading and Renewable Power Generation

THE INNOVATION COMPANY
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Aim of Project "FACTS&FIGURES”

-----------------------------------------------------------------------------------------------------

Provide annually FACTS&FIGURES on life cycle based
environmental benefits of EVs worldwide and country specific in
comparison to conventional vehicles

Based on LCA achievements in IEAHEV since 2011

Primary Energy

Electricity production

Electricity grid

v

Production
of vehicle

Charging infrastructure

Production
of battery

,End of life management"
Dismantling of vehicle

!
> Electric vehicle [==—p
!

Transportation service

T _
13 b 4
: >
Country - . “:
specific data : \ > \
JEA v omsrcmsc svams ssamc s
HEERE .
yr

' N

Country Fact
Sheet
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Fact Sheet on Estimated EMects of Electric Vehicles (BEV, PHEV) substituting conventional vehicles Austria - 2015

i
2
*
¥
-
%
i
3‘ .
Fobal warming of secticty sspply curssiated faesl primacy energy of
1 i’ :' {; - aezAcTy EDPA i’ aze. siacTiaty mapely
[ - 1 124 -
Tt | 7 it | D /B
- as
4 ilg,o £ - B3 .
7 11 if o -
¢ . i' e ET o
'-’. s ° T ] ‘! a3 {s C
i feom ms xze R =i v 1Y
g e e 23t0mal secTicny rarkat
2 ot aghg b b oas z =
ok’ s g (U NN Y 130w I 2% iw £ -
g matatin g SO0,/ AW) PrTeTs asbres) £ :
i Sowwatunn g CIW fowny S8 %048 t4%nas - -
e Dk (S| 0% w00 [ETL R RETE i »®
ot prbomary svevgy (MWA /) ™ 0ttt amiesd € 2
e ey seen gy (LW &80 w00 000 % ALY g ;
i x
~
: | | |

e P e s comgarbcn of esvironmenl efecs (2015
-
3 ik ma g (1 00w T YT [ PO ——
i xS0U ) MW A% A B P vernie APy § SO
2 | s Srmstinn (x G 35 % -2t 4 Pow—
ol e A A BT T
7 | gy ey (WA w36 A8% 22
o L L U Qun 000 % A S v— T
= M by vy (WA LS IR ] lisas
-
< -
Py - i oas
|k g TP 45 SN [T p— S
; et b atin B R
e st 4w et Ak ]
g s B 24 % - PR
Kok rhwary vy A e
s
- |nae ptmary cemgy L7 %1% Ity ety
g s iy ey 4% W -aes R
a
5 ° gotal mameing curnulated foaall prizacy ssey cursalited neckear prirmary snergy
; \,’p" P 3 T ' - o
s Bl + B mt—y —_—
¥ is e F ool E—7 7/
- a4
- 0 jiz - i
- # { 4 ®
'] ',_ w ._///// L R T B
i 7} w— =
I
9 — | w— i =
- 8 TV
o B e
o s xu 28 x4 :e8

@mw»

FACT
SHEET

Cou



IEA INTERNATIONAL ENERGY AGENCY JOANNEUM 3
HYBR'D & RESEARCH )))))
ELECTRIC e
VEHICLE

TECHNOLOGY
COLLABORATION
PROGRAMME

s Explanation She

® System boundaries
® Vehicle data

N e fi

Man reternces
iy A, Gaines L, Envonberger 8

® Emissions and environmental effects

v 1 014) Liw

=17 Apet 2

9 T Exgowainy A Efverderger 5_ Widmer R
of the Woridwn ENCrc Vanick Fieee

V1000 a0 E5% of fuss Giwen MG (1CE) Dy Ghaclri: Griven DAcesebes. Agwr

= AS sum ptl ons ;*':.:‘:'.._:.‘:::?’V,;r';.',;’:;:,“:“"*"4. e

on ferd of e EA T

gy Cooperaton

135 OGN QI5HNG 300 Sl WIS, 35 TR G
[am——T

fuurmo ranges
a604ed 1 share eTvsSONs nd nengy r ke
ower (CHP) plars
—m e £V s e on e courmry spectic anrusa avecage eecricty
Velicie dota O rermaatie mecio by mepacaly dnKated br EVe ot
@

® Main data sources = s

Jeeransaon trackeg wysteer (£ T5) i ot sebeiarst bor thes arvayem
18

y from

7/ repreasetaten
o respact of SCh oot (NCUENG 35 1 A5
/ O non-rfngement) 260 Shal 1k b hekd etk Rr amy w56 of

X A/ rO2C00 316 MBeCing T $1I8C0 1 20 and

PPRT 1y SHQIRQ 1 I e SRy SAXICY, 26 CITRN BSLNS PRGN

P 3rrusal 5 of I power epands o Y srowe

507s 30 P 571 of ARSI the COURTTy 3 trTDT fere presected and dsussed at e IEA HEV EXCo meetng n

m the 124 ppe, for £V Yom the
vt il g wresnes

racies — Watee e and Secefits of EV Seets on sewy

fPects of procuction and d

1arting e gaeenc $or 31 courmres
16 1900 whirs Ty G produced i .

maca

Dk "

[ M a | N refe rences e ———r

b (< 10 4em0) ave oty grven i S tokad rrams et et
Do sCeeoty

e e Marrnes of e £

Coraniti and T wokshep

s of 1 IEA HEV Task 30 axpert wokancp °E
focies — Watee smons. 300t berwtns of £V faets on enm;
et [ucts of Dactsc Vutschs’ @

PCL CH, NO,, carton e

red L QR Onm X, wwa Dar0eun

. viears wry s s s s it o et e e ate
‘System baundaries for Lite Cycie Amalyses (LCA) :
- ] ¢ a3 market 1EA Sta85C8, M w09, /TR
— HEV aern sugerts, V1 - Eaeise \Wnies Intative, E100
h-atupvibeet (OO Eartoon demsde (O0:), rethans (CHU] A 123 @aTasns of e envrcrmants
by et try ARGONNE - Asgorne Nator
I o0, i H Fochungsouatscnat s
- H M, (emene)-eqedient IC [: ,“:

rary erwrgy aa of e s i coal
raw rotural Gs. oM, Uranum, biomass

et Tt Fage 4

ary energy. v
Jrasts, rsioues, o

Ranges =
The sessts e shown i canges 10 Cow e Jeaeage RN b e 15 e ©q_|rcimcation 50 eq |Ozom formation G+ E2
considerse. The mai INRUICES o e (2005 28 028 0 o | S 1

« Emiasions of natonal ekarcty prOOon, ingend an " | Cuame
i s P s |

Backicny commsrpion of FEVS, #.G heatrg and cookeg demand |

Bcyichy an0 A consumetion of FHEVS

Fusi Consumetion of subsiules comvenional KCEs

Avus aven bametres and e ' froes powsr

wported ekctscty and

Erptoraon et Foge 3

s 20 changieg pont
0 actacty i EWopa the average Euopean
+ Data svststity, uscartamty srd corsabncy, # G, PM et — ertution 05ses, Sor NOm-EUROpEaN CouTes
+ See dats and smurngton below nor relovance.

THE INNOVATION COMPANY

sz Tt Ta




IEA INTERNATIONAL ENERGY AGENCY

HYBRID &
ELECTRIC

TECHNOLOGY
COLLABORATION
PROGRAMME

26

THE INNOVATION COMPANY

VEHICLE gm,

"9.:. ':- np

Fact Sheet on Estimated EMects of Electric Vehicles (BEV, PHEV) substituting conventional vehicles Austria - 2015

i
2
*
¥
-
%
i
3‘ .
Fobal warming of secticty sspply curssiated faesl primacy energy of
1 i’ :' {; - aezAcTy EDPA i’ aze. siacTiaty mapely
[ - 1 124 -
Tt | 7 it | D /B
- as
4 ilg,o £ - B3 .
7 11 if o -
¢ . i' e ET o
'-’. s ° T ] ‘! a3 {s C
i feom ms xze R =i v 1Y
g e e 23t0mal secTicny rarkat
2 ot aghg b b oas z =
ok’ s g (U NN Y 130w I 2% iw £ -
g matatin g SO0,/ AW) PrTeTs asbres) £ :
i Sowwatunn g CIW fowny S8 %048 t4%nas - -
e Dk (S| 0% w00 [ETL R RETE i »®
ot prbomary svevgy (MWA /) ™ 0ttt amiesd € 2
e ey seen gy (LW &80 w00 000 % ALY g ;
i x
~
: | | |

e P e s comgarbcn of esvironmenl efecs (2015
-
3 ik ma g (1 00w T YT [ PO ——
i xS0U ) MW A% A B P vernie APy § SO
2 | s Srmstinn (x G 35 % -2t 4 Pow—
ol e A A BT T
7 | gy ey (WA w36 A8% 22
o L L U Qun 000 % A S v— T
= M by vy (WA LS IR ] lisas
-
< -
Py - i oas
|k g TP 45 SN [T p— S
; et b atin B R
e st 4w et Ak ]
g s B 24 % - PR
Kok rhwary vy A e
s
- |nae ptmary cemgy L7 %1% Ity ety
g s iy ey 4% W -aes R
a
5 ° gotal mameing curnulated foaall prizacy ssey cursalited neckear prirmary snergy
; \,’p" P 3 T ' - o
s Bl + B mt—y —_—
¥ is e F ool E—7 7/
- a4
- 0 jiz - i
- # { 4 ®
'] ',_ w ._///// L R T B
i 7} w— =
I
9 — | w— i =
- 8 TV
o B e
o s xu 28 x4 :e8

@mw»

FACT
SHEET

Cou



IEA INTERNATIONAL ENERGY AGENCY JP— N
HYBRID & RESEARCH )»))

ELECTRIC
o) ikia BASIC DATA.
COLLABORATION .

PROGRAMME

. Share of National Electricity Production

-----------------------------------------------------------------------------------------------------

. W coal
Austria
® oil
10% M natural gas
0% nuclear

B hydro power

W biofuel&waste
wind

PV

B geothermal, tide, others

62%

Source: IEA statistics
http://www.iea.org/statistics/statisticssearch/report/?country=ITALY &product=electricityandheat&year=201x

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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® o National Electricity Market

Austria

annual electricity market [TWh/a]

national production] import & export [national production| import & export

2014 2015

B comb.fuel " nuclear mhydro mgeoth/wind/pv/other mimport mexport

Source: IEA statistics
http://www.iea.org/statistics/statisticssearch/report/?country=ITALY &product=electricityandheat&year=201x
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. Estimated Environ. Effects of Electricity (ll)

Austria

15, 8lobal warming of electricity supply

300

250

200

150

100

50

0

2014

2015

icity at

primary energy of electr

charging point [kWh/kWh]

14 .

[y

2

=

0

0.8

0.6

0.4

0.2

0.0

EED))
BASIC DATA:

cumulated fossil primary energy of
electricity supply

2014 2015

Source: own calculations using data from ecoinventand GEMIS
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0 Number of Electric Vehicle

-----------------------------------------------------------------------------------------------------

total number of passenger vehicles in Mio. (2015): 4.7

Austria ;o

electric vehicle fleet

$ 12,000 4 ® PHEV (Plug-in Electric Vehicles)
g m BEV (Battery Electric Vehicles)
@ 10,000
>
8
&S 8,000
2 6,544
- 6,000
"'6 ’
= 4,162
2 4,000
£
=
< 2,000

0

2014

Source: IEA HEV annual report, EVI, ExCo members
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Austria

global warming cumulated fossil primary energy
' 0

0

-2

-5

-4

-10

-15 -j%/////%%

2014 2015 2014 2015

-6

[GWh/a]

)

estimated annual change of
cumulated primary energy

-
o

estimated annual change of GHG
emissions [kt CO.eq/a]

1
=
N

Source: own calculations
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Comparison ICE and BEV&PHEV
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total primary energy ozone formation

Source: own calculations

fossil primary energy partic

THE INNOVATION COMPANY



IEA INTERNATIONAL ENERGY AGENCY LOANNEU ~

~ HYBRID & RESEARCH ))))
ELECTRIC HFE g
VEHICLE

S ENVIRONMENTAL EFFECTS:
y Comparison ICE and BEV&PHEV

lobal warmi .
USA S ™M Conventional ICE
5%

D0%

nuclear primary energy : a % acidification
S
NS

Il'" EV (BEV & PHEV)
| T
N7/

total primary energy ozone formation

AAAAAAAAAAAAAAAAAA

fossil primary energy “particles

HiIL IININNVYALINVIN N\VIVIT AN



IEA INTERNATIONAL ENERGY AGENCY
JOANNEUM

ELECTRIC ea)
Fecyo s :
COLLABORATION BAS I C DATA-

PROGRAMME

. Number of Electric Vehicle

IEA HEV Countries 19 number of electric vehicles m US
Total: 684,700 2% 1%|> ﬂ4% m NL
3% ®FR
5% m UK
W DE
m CA
W SE
55% W CH
BE
w DK
REST

7%

8%
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Source: own calculations using data from ecoinvent and GEMIS
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1,234,999 BEV&PHEV of which
684,700 in IEA HEV countries

Greenhouse Gas Emissions

IEA HEV countries non IEA HEV countries
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45 ‘otal Results

Estimation of the average environmental benefits of BEVs and
PHEVs substituting diesel and gasoline globally shows

® GHG-reduction: - 25% 1o - 30%

® PM < 10 reduction: - 40% to - 50%

® Acidification: 0%to -5%

® Ozone reduction: -50% to -60%
® Fossil primary energy reduction -25% to -30%

® Renewable primary energy increase +10% to + 15%
® Nuclear primary energy increase + 600% to + 800%
® Total primary energy reduction - 15% to - 20%

THE INNOVATION COMPANY
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(1 Communication strategies are essential: Interaction

with stakeholders, show database, explain assumptions [NNaAry

----------------------------------------------------------------------------------------------------

Additional renewable electricity with adequate charging
strategies is essential for further significant reductions

Broad estimated ranges mainly due to
- Emissions of national electricity production

- Electricity consumption of EVs at charging point
- Fuel consumption of substituted conventional ICEs
- Data availability, uncertainty and consistency, e.g. PM

Estimation of environmental effects substituting diesel/gasoline
show positive results by 1.2 Mio. EVs in 2015

Key issues in LCA methodology and key data for electric vehicles are
harmonized in IEA HEV

Environmental Assessment of EVs only possible on
Life Cycle Assessment compared to conventional vehicles
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Gerfried Jungmeier
JOANNEUM RESEARCH Forschungsgesellschaft mbH.
LIFE — Centre for Climate, Energy and Society

Future Energy Systems and Lifestyles

Elisabethstrale 18

A-8010 Graz

AUSTRIA

+43 316 876-1313
www.joanneum.at/eng
gerfried.jungmeier@joanneum.at

www.ieahev.org/tasks/task-19-life-cycle-assessment-of-evs

www.ieahev.org/tasks/task-30-assessment-of-environmental-effects-of-electric-vehicles/
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