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The trend In future auto stock Is changing for
Beijing and other megacities
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Due to the current “license control” policy, estimated trend

for Beijing is rather different.
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LCA needs to be used to fully evaluate energy
and CO, impacts of new energy vehicles

[ LCA simulation J
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Average electricity generation mix - Regional

Regional electricity generation in 2010
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Energy efficiency of coal power, 2010-2030
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Data Sources:

1) 2010’s data (34%): China Energy Statistical Yearbook

2) Generation efficiency for supercritical (39%), ultra supercritical (42%) and IGCC (47%): IEA,
ANL, local test data, etc.

3) The forecast of capacity of each major technology: IEA, CAE, ERI, CEPRI, etc.
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Fuel economy estimate for light-duty
gasoline vehicles In Chi, 2010-2030

Lab-test fuel economy values On-road fuel economy values
" [t —etomtom K S Fuel economy
h - L ? LDPV (L/100km)
£ s o Scenario 1 | Scenario 2
3w 0P o) 2010 8.7 8.7
S w5 | dm o % 2015 7.9 7.9
3 1) . 2020 7.3 6.5
2025 6.6 6.0
. , 2030 6.4 5.5

Topl0 Top20 Top30 Top40 Top50 Top60

LDPYV sales ranking

Current situation

=\Wang et al. (2010) reported 8.1 L/100 km in 2006, 12% lower than that in 2002 (9.1 L/100 km)
=\Wagner et al. (2009) and Huo et al. (2011) further reported 7.9 and 7.8 L/100 km in 2009

The goal of fuel economy for future

=2015: 6.9 L/100 km; Plan for Energy Saving and New Energy Vehicles Industry Development (the State Council, 2012)
=2020: 5.0 L/100 km:;

=U.S. National Academy of Science (NAS) scenarios and other data sources

Adjustment of on-road vs. lab-tested fuel economy needs to be considered (~15% higher on road)



HEV (fuel economy)

Fusl Econemy Imprevement Fuel Consumption Decrease
) User- OdEPA  NewEPA |  User OIdEPA  MewEPA
Brand Vehicle  Comparison Vehicle Reported  Combined Combined | Reperted Combined Combined
Ford FEscape  Escape WD V6 5% 55% 50% 3% 6% A%
Mariner  Mariner 4WD V6 53% 4% 42% 35% 3% 0%
GM  fura Aiura 3.6L 4-5pd Auto % 2% 2% 25% 2% 2%
Siema M Siara JW0 530 3% % 6% 2% T% %
ue Vue 2WDH6 oyl Auto 2% 2% 0% 2% 21% 23%
Honda Accord  Ascorddl Auto. % % % 0% 2% 2%
Givic Givic 1 BL Auto. 52% 8% 45% 3% -32% 3%
Insght G 1.8L Auto. 138% B5% B2% -58% -46% -36%
Missan  Alima Atima V6 Aufo 5% Bl 5% -26% -38% -35%
Teyeta Camry  Camry V6 350 Aulo. 5% 54% 48% % -36% 3%
GS450h  GS430 6% 6% 21% 2% 2% AT%
Highlandsr  Highlander WD 3,31 3% 3% % 2% -28% 2%
LSE0OhL LS 480L 10% 1% 1% % 0% 0%
Prius Corolla 1 BL Auto, 4% 58% 9% 3% A% 3%
RX400h  RX.350 20D 2% 4% 0% % 26% 2%
herage 425 4% 7% -1T% 28% 26%
TheFuel economy comparision between EV and [CEV of three brands
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Data Source (fuel economy ratio relative to ICEV):

O HEV: 130-150%, from GREET2012, Bennion and
Thornton , etc..

O PHEV50: CD mode 270-290%, CS mode 110-130%;
from GREET2012.

O PHEV15: CD mode 180-190%, CS mode 150-170%;
from GREET2012.

O BEV: MY2010: 325-350%:; MY2030: 375-400%: from
GREET?2012, and BYD EG6 and Nissan Leaf test data.



3 s & 3 R
( MNatural resource )
L1200k, Mangunese Steel Copper [ron Plastic LiPF, phn:;':lmm
Aluwminum Mickel Cobalt Lead Crruphite Electrolyie :R;r; PYDF
v
- . Transpaortation Refinery
—» [ r sing .
Bl A= & shorage & production
II/_'.F'—'—\-\I [
¥ ! !
LHd a":i'd . . L_l-il::nlhatter',r . En'EIrE? savinﬂ
battery Mi-hH LiCoChy' Lidn, Oy technical progress
25 battery LiFePOy Ni-Co-Mn
o Mew technology Batteries of
= Bat
£ m‘ﬁr‘r shell || |— peaukon L { ICEV/HEV e
g’n Recycling rate fPHEVSO/EV |
-
L= E::;ﬂi Battery technology
progress
N Y Vehidle cycle
Process LIfE C?CIE F'DSS“ EnErg‘f USE and EGI results of I .
Fuel Emission in the next 20 years 'EE'“'J"“EIE"HWE“

)

199]4 3IIYIA




W Cathode
H Anode

1 Electrolyte

B Copper

= Aluminum

Cathode

N\

m Lithium oxide m Acetylene black = PVDF

Anode

N

m Graphite = PVDF

Electrolyte

)

/4

mEC mPC mEMC nmlLiPF6

Stoichiometry Method

|

LiMn204

LiCoO2

NCM

T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Weight Share
®  Graphite/Carbon

W Lithium Oxide (Li20) ™ Copper = Electrolyte

®m  W. Aluminum m  Cobalt ®m  Manganese m  Nickel
®  C. Aluminum = Steel m  Plastic: Polypropylene ®  Plastic: Polyethelene
PVDF Binder Phosphoric acid LiPF6 Electronic Parts

« Split the Li-ion battery into sub-components: such as anode, cathode, electrolyte, shell, etc.

» Li-ion battery has similar material composition for all sub-components except for cathode.

» Key material balance data are further proved by ICP/XRF test for a typical battery.




Energy use of key materials by
Lithium

"

major process: 1)

Spodumene Lake brine
12.973GJ/ton 5.667GJ/ton . . .
 Lithium, a major

component in Li-ion

. Mining and Evaporation
Transporting Ore dressing Mining transporting .Salt p:?n and batte ry, prOduced from
0018 0.018 jpsclation concentration

two major sources:

Roasting to
remove Mg

449 spodumene and lake brine

Fine grinding Roasting Infusion
0.18 5.628 0.062

Mud

- Infusion (especially the latter).

1.253 0.12
Evaporation Li,CO3 \Asl‘aesp:ir:gtigr%::l * The energy IntenSity
concentration depositing drying 0.54

>0 (5.7GJ/ton) for Li
production from lake brine

IS 28% lower than that

Filtering Depositing
0.055 2.54

from spodumene.

LiMn204 LiCoO2 LiFePO4




Energy use of key materials by major process: 2)
Copper and Aluminum

« Copper/Aluminum are key materials in all batteries (acting as conductors and covers) as well as
In other major vehicle components.

» Energy intensity might vary significantly by different production methods.

» Recycled material production consumes much less energy than the virgin material production.

Energy and material flow of copper compounds in China  Energy and material flow of aluminum compounds in China

R Bayer-roasting hybrid producing procedure in Zhengzhou Alumina corp.
Virgin refinery

Limestone ) Ore pulp
e = 7 roasting Evaporation S8 producing Recycled
/ Ore Pyrometallurgy production
l 6.51GI/t
\_102ton /= | 107G)/ton Copper T _ . -
/Copper ) a:;i:;:‘scsaotlivoi:g High pressure

\ 1ton p—_ RREEtiE dissolving out
e
7 Ore Hydrometallurgy = y § I ’
1 —}
L 952 tan 46.5GJ/ton Copper @ cudeoi
o T
Separating ¥ Roasting O Natural | Gas
. Coal
. Elec
Recycled refinery: 31.9GJ/ton Copper TR
Blast furnace Reverberator Electrolvsis
smelting 9 furnace smelting — o . , !
5.4 Mining L | Alumina producing Electrolysis L |
3.1 2011 534 274 50.24
. Coal I‘/’Bauxite-\
O Crude oil Auxiliary material Tranportation
31 0.3 Carbon anode
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. SEEEEY - 1116
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2.3 Technology |mprovement of materlal
production and battery productlon
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« Many materials and vehicle components are experiencing significant improvement in
production process in China:

v’ 4 different technology groups based on industry regulations were classified
v Penetration of advanced technologies were projected based on a wide literature review

v" New vehicle component (e.g., Li-ion battery) might have more significant technology
improvement than other traditional components
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» HEV, PHEV15 and PHEV50 can reduce WTW petroleum energy use by ~30%, ~40%, and
~50%, respectively, relative to ICEV.
» BEV almost eliminates petroleum use.

» No remarkable difference among the six regions on petroleum use.
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WTW fossil energy use of ICEV/HEV/PHEV/BEV
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b) Yangtze River Delta region .
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2000 aTTW » The WTW fossil energy use reduction benefit is
= 2500 h i less than that of petroleum use for PHEV/BEV.
=
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4= 1000 . . . . .
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promotion of BEV.
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(1) BEVHJFERICEVEI300%: BSFERHREBLEIAT7%. RBRMESI MWXEB AL, £ (96%) ,
Zik (89%) , &K (83%) HELLHIIET77%, ICEVILTBEV; HitXBEVHETFICEV.

(2) BEVEIFEAICEVEI350%: #REELHIFAIS%ETICEVEBEVHEE. BT EINAEHMMEXBEVILT
ICEV.,
The CO, breakeven points between BEVs and ICEVs are relevant to several key parameters: fuel
economy of ICEVs and BEVs, share of coal-fired power to total generation mix, and the generation
efficiency of coal power.
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Vehicle-cycle fossil energy use and CO2
emissions of major vehlcle materlal
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\
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* In general, rare earth, aluminum, graphite, cobalt, LiPF6 and lithium oxide have relatively higher

fossil energy use than other materials.
« Among cobalt, nickel and manganese, cobalt is the leading metal in both fossil energy use and CO,

emissions.
« The fossil energy use and CO, emissions of almost all materials will continue to decrease due to the

technology improvement. This is especially true for those materials with high energy intensity (e.g.,
Al).




Vehicle-cycle fossil energy use of different
batteries

Fossil energy use, MJ/kg battery cell

: —— gl N
180

160 -~ . ..

140 | « Based on per weight of battery, Li-ion

. = LiCo02 battery consumes more energy: e.g.,

100 | mNCM NCM is 1.5 times of Ni-MH and 2.4

g0 = LiMn204 times of Pb-acid in 2010.

H LiFePO4

= Ni-MH * Among the four Li-ion battery cells,

= Pb-acid LiCoO2 has the highest fossil energy
use per weight.

60 -

40 -

20 -

2010 2015 2020 2025 2030

120

much less fossil energy use than that of Ni-MH
battery in a same EV.

« Considering the power density (e.g., 35 kWh =
for a AER=150km EV), Li-ion batteries have § 100 B LiMNn204
benefit from energy use, especially for NCM S 80 mLiCo02
battel’les %: 60 ® LiFePO4
« After taking technology improvement into % 40 = NCM
account, Li-ion batteries would only consume g 20 - = Ni-MH

8
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Vehicle-cycle fossil ener
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All three electric vehicle
technologies achieve savings in
full life-cycle fossil energy use
relative to ICEV.

BEV will show more advantage
in fossil energy use over ICEV
in the future.

At the current stage, BEV and
PHEV50 could not achieve full
life-cycle benefit in CO,
emissions over ICEV.

As technology improves in
battery industry and more
renewable power promotes in
China, BEV will show
advantage in CO, emissions
over ICEV.
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Breakeven points of accumulative full life-cycle CO,
emissions of different technologies in China, 2010
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Conclusion and Policy Suggestion (1)
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B The promotion of EVs can greatly improve the oil energy
security

v" PHEV15/PHEV50 can reduce 40-50% petroleum consumption
v" BEV consume little oil
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Conclusmn and Pollcy Suggestlon (2)

B IR ENAREERCO EHER 2 5 b B M) J%%JS’Z
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v\ EENIREA T EIR R >4 A RE TR B 22 >C O, Bl iR a8

v EEREAEEE B S X, PHEVIBEV AL A BEJRFICO IR HE K a8 (2 % s e
b2 EL ) = B IX,  PHEV/BEV I AT BEVEAICOL IR S R FT 44

v FEIREE L EL R X, 3 HEVATR N Bt 4 GRS 3h 11 (Bl PHEV5)
LA BE TR AN COL IR HE R3S A

v HATAE R A P BRI R EIZAT) B CO, 5% i 42 A LEAS BRI
¥ BRI BT RE R R 2T DLIOCTE

B The benefit of fossil fuel use and CO, emissions for EV are strongly relevant to
generation mix, coal technology, fuel economy, material energy efficiency, etc.
v" Petroleum consumption benefit>Fossil fuel use reduction>CO, emissions reduction

v" The fossil fuel and CO, reduction benefit are BETTER in the cleaner electricity regions, while
WORSE in the higher coal-share regions

v" The HEV and PHEV15 can achieve better reduction benefit on fossil fuel and CO, reduction
in the near-term in higher coal share regions

v" Currently, full life cycle CO, use for BEV is not better than conventional ICEV, the upstream
energy saving such as for vehicle materials need to pay special attention
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Conclusion and Policy Suggestlon (3)
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Conclusion and Pollcy Suggestlon (3)
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B Before 2020: The new energy vehicles could be treated
as zero emission vehicle, considering the petroleum

reduction and emission reduction during TTW stage

v BEV: The fuel consumption, CO, emission and air pollutant emissions are zero.

v" PHEV: Set different reduction ratios for fuel economy and pollutant emissions
based on the AER and VKT in China.

B After 2020: We should balance the energy consumption,

CO, emission and pollutant emissions for new energy
vehicles from the perspective of life cycle.

B The promotion of EV should:
v" Increase renewable clean electricity (Solar energy and wind)
v" Use high efficient coal power technology (eg., ultra-supercritical and IGCC)

v" Use high efficient vehicle material technologies

v" In the regions with high efficient APCDs ( eg., FGD/SCR/ combined PM
removal ), promote EV preferentially
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Thank you for your attention !

Questions ?

5&#9 lﬁiﬁk%ﬂ; '%I‘J'l"
Ye Wu, School of Environment, Tsinghua University
010-62796947

ywu@tsinghua.edu.cn



