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The long term...;ZXIR)& X -+
W

Thinking out to 2030, % JE%(20304F, 20504

2050, and beyond...  ZEEKIZ

+ How far can we go (and * FATHEAE LRI DR UGE
must we go) with fuel v COkHAFHTIE 5 [ E %
economy improvement, &~ FATAGE 2 IE?
CO2 reductions? o WANTEAFERILTEE?

* What are our options? ¢ HIKA —kEHIEKE?

e Is there a logical o UAIIA R HFR?
pathway?

* How do we get there?
UCDAVIS

SUSTAINABLE TRANSPORTATION ENERGY PATHWAYS




The options... A& #E
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internal combustion engine *
(ICE) vehicle efficiency to W P

“the limit” o KA AR A1 D))
* Adopt low-carbon JIR R Gt

alternative fuels and power s \
train systems ‘tF@UJ;H
— Biofuel — F
— Battery electric — WA} R

— Fuel cell electric

Some acronyms:

ICE = internal combustion engine BEV = battery electric vehicles

PHEV = plug-in hybrid vehicles  FCV or FCEV = fuel cell electric vehicles

PEV = Plug-in electric vehicles (BEV+PHEV) ZEV = Zero emission vehicles (BEV+PHEV+ FCEV)
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IEA ETP-2012 Extensions (Fulton et al, draft paper) IEAfR%E:
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By 2050 the world will need to shift to selling mainly
near-zero emissions vehicles (plug-ins, or PEVS)
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Figure 13.18 Global portfolio of technologies for passenger LDVs
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Key point In the Improve case, electric, PHEV and FCEVs together account for nearly three-quar-
ters of new vehicle sales in 2050.
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But the next 2-decades will likely be ICE-driven, even
with rapid Plug-in Vehicle (PEV) growth
(EEE T R20EF RRIIREENMRILZE, FERBAEFRSAEEEK
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Note: this aligns with the IEA ETP 2012 2DS Scenario except with only 5
million PEV sales by 2020 instead of 20 million.
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Maximum Fuel Economy Improvements to 2030

2 2030E B KRR R =

From the NRC 2013 report:

e Light-weighting of up to
25% in 2030, 50% in 2050
relative to 2010

e High efficiency accessories
(e.g. air conditioning,
lighting, tires)

e High efficiency engines
(including but not limited to
hybridization)

e E.g. 25% improvement from
turbocharged, downsized direct
injection gasoline engines

e Overall Impacts:

e By 2030, potential for 50%
reduction in fuel
consumption/CO2 per km at
$2000-3500 per vehicle
(through hybridization)

e 66% reduction by 2050 at
somewhat higher cost
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LDV efficiency improvements still have tremendous potential

R ERMEIRRAE T

ICE potential, through hybridization and light-weighting (NRC, 2013)
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FIGURE 2.1 Historical and projected light-duty vehicle fuel economy.
NOTE: All data is new fleet only using unadjusted test values, not in-use fuel consumption.
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e cost of fuel economy improvements will likely decline over time internationa

. Energy Agency
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Source: IEA analysis based on TNO, 2009 and ICCT, 2012.

Mote: Fuel savings over the lifetime of the vehicle are calculated based on 150 000 kms, for a base fuel economy of 8L/100km, with a fuel price of EUR 1 per litre
(USD 4.7 per gallon), with no rebound effect as fuel economy improves.

™ Analysis for the IEA “Technology Roadmap on Fuel ~ m  TEA “JE ML ZERIMA TR AR Z K7 H

Economy of Road Vehicles” showed that fuel ORI H AR 3 R ] 4R 45 43000/ T AE A
economy of passenger cars could be improved by (3B R AS T 42 = 50%

50% at additional costs of around 3000€ per car
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Long-term costs of technologies will drop - but by how much?

ERBFEARKBRA T HE—RERES D ?

18,000
£16,000 . BEY
b
514,000 *
L
312,000 ‘\
b
$10,000 e
"
$8,000 e e
\"!I-..____b' -~
$6,000 - il
y FE‘IT"--.___:__'_"'"-.'___ FHEV J—
4,000 HEY N — = T Ik p———
' ‘-—h--hhhh.-:ﬁﬁ#_d;‘ruww ey
52,000 - CNG ﬂEE} ’ __-__-__._a'—e——
ICE
W _¢_ L] Ll ¥ ¥ ] | ] L]
2030 2035 2040 2045 2050

2010 2015 2020 2025

FIGURE 2.8 Car incremental cost versus 2010 baseline (526,341 retail price)}—Midrange case.

Cost (RPE) for vehicle technologies over time (NRC, 2013)

RPE=retail price equivalent; BEV=Battery electric vehicle, PHEV=plug-in hybrid,
FCV=fuel cell vehicle, HEV=hybrid electric vehicle, CNG=compressed natural gas, ICE=

internal combustion engine vehicle.
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http://theicct.org/sites/default/files/NAS_fig2.8_800px.png

Some cost/benefit estimates
DN &

FE Improvement, hybrids, PEVs v. a base ICE vehicle over time
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Notes: “FE 30%"=fuel economy improved by 30% in L/100km; “"PHEV-20"= plug-in
hybrid with 20 km electric range; fuel savings estimated over 160k kms of driving; all
related to a base gasoline vehicle of 9 L/100km; oil prices $100/bbl near term,
$130/bbl long term; battery costs decline over time from $600 to about $300/kWh
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Electric vehicle v. ICE, with declining power plant
CO2 emissions
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Battery electric vehicles will probably be needed to get below 50 g/km, but
we will also need deeply decarbonized electricity generation
(Based on NRC, 2013 assumptions for fuel economy)
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m ... but still total electricity demand for transport accounts for only 13% of total
electricity use by 2050
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Fuel Cell Vehicles — “the other guy”

RORL I E — 57—

* Fuel cell vehicles may provide

longer range mobility than BEVs,
with zero vehicular emissions

Still some significant barriers

R FhL I T LU L 5 2 T
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— on-board H2 storage, o ATV R I B S
— fuel cell system cost, e s
— chicken-egg problems - $ﬁ§h ‘Hbﬁﬁ%"_ ‘
* Costs have dropped sharply in - FORHRLI AR S A,
recent years — G ERERAE XY A
— estimated likely to be below o TR T AR bR

SUST,

$100/kW (or $7500 for a 75kW
system) at high volume
production within a few years,

and competitive with gasoline
vehicles by 2030)

In 2015 we will see the roll out of
FCEV programs in California, EU
and Japan —a “renaissance” for
FCEVs?

Must have Zero carbon hydrogen
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Some conclusions —H454
* There remains substantial untapped o TR R IR S AR L &

fuel economy potential — there is no
reason to think that we can’t get
well below 90 g/km average new
car fuel economy worldwide by
2030 (in China, perhaps by 2025)

— Technology costs will likely decline

over time, new technologies will
emerge

e Battery electric vehicles are
important in the long term to move
toward zero-emissions; but this
must happen in concert with
electricity improvements

— In any case, to meet climate targets,
strong efforts to expand BEV

production and sales, and reduce
costs, must happen now

— Strong co-benefit potential with air
quality improvements and cutting
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Some Implications for Policy
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* To go for rapid uptake of o NKNIBHEZNHEIE, AR
BEVs, super credits probably PiC 085 Jh X — T A o R i

can not do this alone A BE AN

— Price incentives will likely play — M R& R EA] gE i B EAE
an important role — N T BeRF SR A R U,

— Incentives require a EF R E R ECRIE, Eoin
sustainable funding source, A i 222 ] DUIA B30 A 4
e.g. feebates [ IS g AU~V 14 DA A U

e Eventually move toward o ALIREDLSERNEGR
global alignment of policies?  {j;[5]?

— Could include targets, — W EA] DA RS E ) H bR
measurement systems, AR [ABCENAS 5 R4t
tradable credit systems
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