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w [EAHEV Task 19 ,,Life Cycle Assessment of Electrlc
Vehicles - From raw material resources to waste
management of vehicles with an electric drivetrain”

(2011 — 2015)

w IEAHEV Task 30 ,,Assessment of Environmental Effects
of Electric Vehicles” (2017 — 2020)

IEA HEV Task 33 ,,Battery Electric Buses” (2017 — 2019)

IEA-HEV Project ,,Facts and Figures on Environmental
Benefits of EVs‘ (2016)

® Main Partners: Argonneé IREC[; EMPA‘
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FROCHRN Statement on Environmental
Assessment of Electric Vehlcles

“There is |nternat|onal consensus that the
enwronmental effects of electric vehlcles can
only be analyzed on the baS|s of .

- CA)

Life Cy_/ Assessment

|nclud|ng the productlon operatlon and the end
of Ilfe treatm nt of the vehicles’

¥ e

and |n companson to conventl,onal
vehicles™ ey
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Assessment of
~ LCA-Aspects over Full Value Chain

Area: agriculture,
forestry, industry, transport

Resources: renewable,
non renewable

Primery energy: re-

newable, non renewable

construct.
production

T

operation
use

RV

dismantling
End of life

Products

services

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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he 7 Key Issues in LCA of EVs

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: CO,, 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*
Source: G. Jungmeier, J. B. Dunn, A. | ' ;ﬁtﬁ}cs ?risﬁigéeﬂwj‘r',kcj”fgd?{%ﬁ;{‘ > .. D. Ozdemir, H. J. Althaus, R.
Widmer: Life cycle assessment of ele. mobility 19 of the International Energy
Agency (IEA) on Hybrid and Electric Ve. 5 .qditional vehicles? .sport Research Arena 2014, Paris,

France, April 14-17, 2014.
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What is LCA of electric vehicles useful for?

® LCA can‘t answer the questions usually asked (,Which system is the
best?“), but it can help understanding the question

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

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

® Think in ranges instead of exact numbers, consider system boundaries
and assumptions
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Venhicle 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.)

w Standstill losses

m Battery charging losses
(on-board vehicle)

150

Charging losses ratio of 2 — 3 means that the
highest observed charging losses can be 2 to0 3
times higher than the lowest charging losses,

100

consumption [Wh/km]

whereas in the graph the average absolute 50 7

charging losses are estimated

THE INNOVATION COMPANY 0 -

H.J. Althaus, Empa (2013)

. u Charging lossess

B Standstill losses
B Auxiliaries

M Heating

W Air conditioning

MW Basic consumption

Ratio “bad” / “good” "
Charging: =2-3

Standstill: =50

Heating: =10
AlC: =5
Basic: =1.4-3
Overall: =2-3

) For the same vehicle!
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SRTIOH: The 2 Keys:
Renewable & Energy Efficiency
3090 fnternal combustion engine and battery electric passenger cars
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Source: LCA of passenger vehicles, Joanneum Research, *) without iLUC
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O The 2 Keys:
Renewable & Energy Efficiency
300 internal combustion engine and battery electric passenger cars

lectricity PV incl. stor Ren-H,
_ hydro power
Elecw

hydr“/_ FT-Biodiesel
wood

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

o1
o

7))

5

e Diesel

@ 250 Electricity ese

qE, 200 Electricity UCTE mix

@ natural gas .
Biodiesel

9= 150 Increase +30%

? rape®)

=

o

L

c

o

e

o

[g CO,-eq/km]
o
o

o

Source: LCA of passenger vehicles, Joanneum Research, *) without iLUC
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EV Charging and LCA

' Constructlon Of Charglng pOIﬂtS materials, lifetime, service rate — chargers / car)
® Charging losses of infrastructure (efficiency, electricity mix)

Example from IEA Workshop in Task 19, Barcelona. Oct 2014:
Rita G., Freire F. et al. LCA of electricity generation, distribution and charging of electric vehicles.

I R TR L€ 2t f £ operation loblvarming
Comparison of different charging systems (2012 electricity mix)

Home charger Q=LY Sl:agsl: 16-32 A Up to 8h 15years  1charger/car )
B g COeq/km 2012 mix g CO,eq/kWh

100 893
Normal Universal Single . 0.25
Public phase RO A SE0Sn 25% Syeas chargers/car S gos 43,
2 Three Upto 630  B0% chargein 0.15 75 B X /-?"--. ~~/ 1 g70
ik phase A 15 to 30 min % AZ yrais chargers/car ( Nk J (

Source: EFACEC; Faria et al., 2013; Lucas et al., 2011

> Charging losses infrastructure + .
battery: roughly 15-20%
(90-95% infrastructure, 90% battery) 0
» EV charging adds roughly
5-10 g CO2 ag/km

THE INNOVATION COMPANY

M Charging losses -
7-13% of the EV operation

m Charging impacts (4-8% in the entire LC)

T~ 446 infrastructure -
W Vehicle operation
losses
 Useful energy

e (electricity)

+ 0

Adds 5-6% to the vehicle operation impacts

& ®
5 &
L T
Q (&)
o 2]
E =
o e |
T a

(normal charge)
~Public Charge™
\, ‘{quick charge_}___

-
{
~
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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
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Fuel cycle - additional renewable electricity

.....................................................................................................

,,Direct connection*
,Via storage*
»Stored in Grid*
,Real time charging*“

i\
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Charging of EVs with
Additional Renewable Electricity

electricity
from PV

from PV
:lecmcm:’ /f /f\ ’f - electricity ’f\ ‘f\ /‘\ m 3
rom win: —_— from wind -> ->| Pump |=> = —>
1 é = 1 Tl YRS

“Stored in grid“ “Real time charging”

substitution of natural gas
CC power plant during the
day, e.g. “lunch time”

substitution of natural
gas CC power plant

n=<100%
‘ ! 113
— — .

| |

n=<100% -
- Direct PV loading n = 90%
A 0,3 KWh
@-—C € € 11 ¥ ) . 1]
1kWh ‘ Additional electricity = _ I
from coal power plant Loading of EV "‘d'reg‘?Pk\CJ?ad'"Q Production
during night 1 kWh d n

.....................................................................................................
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- Emissions of LoadingStrategies with
Additional Renewable Electricity
120 -
100
g 100 B—
T 8o WX
? T 73
8 -+Li-lon Battery
% 60 1 -=-Hydro Pump Storage
5 Li-lon Battery
.g 40 1 og =—=Hydro Pump Storage
o F— electricity from wind power
55 20 -
— 13
0 . .
0% 50% 100%

Simultaneousness of EV Loading and Renewable Power Generation
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Aim of IEA-HEV Project
"FACTS & FIGURES”

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

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 IEA HEV since 2011

Primary Energy

Electricity production

Electricity grid

i

Production
of vehicle

Charging infrastructure

Production
of battery

>w ;
Electric vehicle
!

Transportation service

.| .End of life management’

Dismantling of vehicle

Country
specific data

Country Fact
Sheet

BEA arvmmircun reamss saese:

© © 0 0 9 9 000 00000 0000 00000 0000000 00006 00000000000 60000000 000000000600 000000000000 00000 0000000000000 SO
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Austria

annual electricity market [TWh/a]

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

2014 2015

mcomb.fuel " nuclear mhydro mgeoth/wind/pv/other mimport ®export

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

Austria

global warming of electricity supply cumulated fossil primary energy of

350 . .
14 . electricity supply

ty at

300

200

=

ICI

0.8

[

150

0.6

100 0.4

0.2

50

charging point [kWh/kWh]

0.0

GHG emissions of electricity at
charging point [g CO.eq/kWh]

primary energy of electr

0

2014 2015 2014 2015

Source: own calculations using data from ecoinvent and GEMIS
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BASIC DATA:
Number of Electric Vehicle

.....................................................................................................

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

Austria ,

electric vehicle fleet

$ 12,000 4 ®PHEV (Plug-in Electric Vehicles)
ﬁ M BEV (Battery Electric Vehicles)
@ 10,000
>
-
£ 8000
2 6,544
- 6,000
“ )
5 4,162
2 4,000
£
>
< 2,000

0 T

2014
Source: IEA HEV annual report, EVI, ExXCo members
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AR ENVIRONMENTAL EFFECTS:
. Estimated Annual Change of national EV Fleet

Austria

global warming cumulated fossil primary energy
' 0

o

1
(]

-5

1
o

=
o

1
[2)]

[GWh/a]

2014 2015 2014 2015

1
co

-
o

estimated annual change of GHG
emissions [kt CO,eq/a]
estimated annual change of
cumulated primary energy

1
[
[\

Source: own calculations
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ENVIRONMENTAL EFFECTS:
Comparison ICE and BEV&PHEV

24

Austria global warming  Conventional ICE

125%

acidification

nuclear primary energy

EV (BEV & PHEV)

total primary energy ozone formation

&

fossil primary energy ~particles

Source: own calculations
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ENVIRONMENTAL EFFECTS:
Estimated Change ICEV — EV
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Greenhouse gas emissions
[g CO,-eq/km]

Intermediate

battery storage

assumed

1) PV20%
2)  Wind 10%

250

N
o
o

—_—
o O,
o O

N
o

o

)
GHG Emissions of

Electric Vehicles - Renewable Electricity

300

diesel & gasoline
ICE

Average significant GHG reduction
(CO,, CH,, N,O): 74 - 81%

AT (945 kWh/kWp)
(1407 kWh/kKWp)
FI (826 KWh/kWp)

< AU

—

"

- w S ™ - o~ Electricity
< a < = = consumption EV at
< < ) )
charging point
for real driving cycle
(e.g. heating/cooling):
15— 30 kWh/100 km
Wind 2) Hydro

Source: own calculations using data of ecoinvent
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Communlcatlon strategles are essentlal Interaotron
with stakeholders show database explarn assumptrons

.J'(
I

R R T R

Addltlonal renewable electr|C|ty with adequate ohargrng
strategies is essentral for further srgnrfroant reduotrons

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 avarlabrlrty, unoertarnty and oonsrstenoy

Key issues in LCA methodology and key data for eIeotrro vehicles are

harmonlzed |n IEA HEV

Envrronmental Assessment of EVs onIy possible on
Life Cycle Assessment compared to conventional vehicles
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Your Contact
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Gerfried Jungmeier

Operating Agent IEA HEV Task 30 & 33
JOANNEUM RESEARCH - LIFE

Future Energy Systems and Lifestyles

Science Tower

Waagner Biro Strasse 10

A-8010 Graz, AUSTRIA

i R oom el +43 316 876-7630

' gerfried.jungmeier@joanneum.at
www.joanneum.at
www.ieahev.org

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

THE INNOVATION COMPANY


http://www.joanneum.at/

