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= 'S‘ynthe5|s of existing data
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O rfire cc-«e —= 50 minute talk

s abisZ Lontext Plenty of question
— Age r)rod h time following the
main presentation

NIECHNDIC 0 y Options
— S0U :éés Assumptions, & Results
Supp ly: Curves: MMT CO, & $ / tonne
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='f-‘{ E scussion
| ';_" " — What does this mean for AB 32?

® Please hold guestions and comments until the
end of the talk.




Context

Figure 3 - Sources of California’s 2004 GHG Emissions (By End-Use Sector)
(Includes electricity imports and excludes international bunker fuels)
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Source: California Energy Commission, Greenhouse Gas Inventory, Dec. 2006
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CA Transportation Energy Consumption, 2001

EtOH Electricity Elect. System Losses
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Source: BTS




SNiiginis, a  supply curve? .
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Benefits: $1B

Option A (Net: $1.4B Costs)
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1) Datarrfrla raedle vmﬂmswmhr.____.
PIHCE oL ‘duantity’ of possible GHG
radtietlo)g)s

2) Stiack Sfrom low cost to high cost,
J inate overlap, & combine mto
= Supply curve

) Assess the potential in the
transportation sector: are low-cost
options available after Pavley & the
LCES?
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Jr crﬁc data & forecasts when possible

eet Model

— Firs examlne technologies separately, then
--.'egrate into supply curves

_—;__ﬂ'JOlO 2020, & 2030
-8 Baselines: BAU & existing GHG standard
(Pavley + LCES)




ﬂC)mIC beneﬁts

'_._,,u} No o ransactlon /

= .__H-1mp1ementat|on costs

- ® |Jse underlying data

® Avoid speculative
technologies




A rJJ\ I C—hgjjgpge

SPIEdictions are uncertain

— Fuel o) cés (particularly: gasoline)

— J\JTJLV technology prices & performance
— b;aw;.- e of new technology uptake

I-"-ll-'

;:-0*- conomlcs sometimes very sensitive to

__ -_r

~ uncertainties

'® [ntegration of separate options into coherent
supply curves
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Preview: ol Results

2020 Supply Curves

MMT CO2
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ﬁ ‘-*I‘:;A Global Biofuels Analysis (2004)

e ANL’s VISION Model

® Chris Saricks” Truck Efficiency Analysis for
ANL (2003)
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Tae il 6gy ggns

Ity Vehicles (LDVs)
_;l’ital fuel efficiency

hybnds

— ‘ltérnatlve hydrocarbon fuels

e __9 Natural Gas

e Biofuel

- ® Heavy-duty vehicles (HDVs)
— Truck fuel efficiency

1S



O"E'ﬂm- IoNS (Not II‘\W&);

SNINensit /. freight efficiency impro ts
o Ureizlr) olzlrlslinle], TelfiVisle) aliSeetirzle[<nsnle eo))

SNGICIuGed in analysis:
SHldregen cars
=Advanced biofuels Uligbgrah?]?gg

Fifth Edition

=5ize 8 performance reductions
Jre electric vehicles
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Switchgrass
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| Tl;ight-Duty Venhicles:
Incremental Fuel Efficiency
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IBVAIficremental FuelsEff

> ronrer“*F‘ RB’S 2004 Paviey
AYIEly/SIS) of +reducmg vehicle

GrlG em. S5I0NS
J JJI Jfels t' data set

Duleep s 2006 analysis at i |

EEA
— CARB used NESCCAF, 2004

Fmr. Rep. Fran Pavley
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LDV E '_CIeQC_IL Briefl Rundown

"'_-‘—--r"

SNEXGCIUEIna taxes,is a stricter standard

J ’ut ga SOlIME! prices have increased and
tecr @gy price estimates decreased

recr plogies include transmission, valvetrain,
_fL ﬂﬂ]ectlon cylinders, electrical system,
Jodynamlcs tires, etc.

*No change in vehicle performance & interior
volume

—

_—"
i

17



e

Eemple of Duleep’s Data,

Fuel Economy Increase Cost Curve
Small Car Domestic Standard (EEA, 2006)
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Percent MPG Increase

Provided by David Greene, Oak Ridge National Lab




SOUIICES & A&J,[_[Dptl()ﬂ@j —
SE@P007AIEPRATErRBPOMatioN ERErgy

FOIEC st prowdes

= fgra asted gasoline prices

—F’"‘ S|zes (~30M)

““\’ (~13K mi/yr, per vehicle)

== basellne fuel efficiencies (~21 mpg)

o LCFS Technical Analysis provides gasoline
carbon intensity (including upstream
emissions)

i“l M
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Sour__ 35 &L As_s_;_gnptiomg@ﬁd*'
) r’\””’f.“z\ ByMArEl5iEIroN CEsfepErating ™ "

JJrechr 2 (16 yr) and discount rate (5% real)
> SUYE Vicurve based on lifetime emissions
EC’EIOI’\S associated with a particular
*-3_':_—:‘* I's new sales

"'*_-':'f"'—._S|mpI|f|es fleet analysis

~ —Since we don’t know how to change VMT
(without a big gasoline tax), vehicle purchase is
the key time for policy intervention
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CEC Gasoline Price Forecasts

$3.50

$3.00

$2.50

$/gal, Pre-Tax
&+
N
o
o
|

A

BN

(0)]

o
!




e

i '- 5

Long Term (~2025) Supply of Emission Reductions from LDVs,
without Hybrids or Alternative Fuels

$400

$300

$200

$100

CEC Base Case
Improvement

!

Pavley Reduction

$/ MT CO2

$0

| ‘ll i II'-'ll

(

40

60

About $10B Savings

MMT CO2




wondering...

ission rediictions pay for
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r)y/of "E'Iee-tr_g&\/@hldgsg(dﬂ%"
2 L]'tera'tj{, Jl clclasis; '“"((( i crementalicapital
U510 a 40% fuelfconsumption reduction

955(19 :1’3 enetration in 2020: 75% (for supply

curves)

i T — ‘-_‘.
& AR R, AT
LA e e S

2007 Ford Escape Hybrid

25



=
=xample or Analysis: 2020 HEVS) e
SAUR aselme -

Inputs
ltem

Light Duty Venhicle Fleet Size (millions) 32.0
Baseline Fleet Average Fuel Economy (mpgQ) 21.8
~ |Baseline Fleet Annual VMT / vehicle 13,050
__. |Gasoline Carbon Intensity (g CO2 / MJ) 92.8
= -r: Gasoline Energy Intensity (MJ / gal) 121.0
~— Percentage of Fleet with Upgraded Fuel Eff. 100%
' Upgraded Fuel Consumption Reduction 40.0%
Gasoline Price (Excluding Tax, $ / gal) $2.05
Capital Increment per Efficient Vehicle $4,000
Discount Rate 9.0%

Operating Lifetime of Vehicle (yr)
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ZOPOLHEVS, BAU Baseline..

Outputs

Baselines
Baseline Fleet Specific Fuel Consumption (gal/mi) 0.0460
Baseline Fleet VMT (billion miles) 417.6

Baseline Fleet Fuel Consumption (billion gallons) 19.2
Baseline Fleet CO2 Emissions (MMT) 215.6
“|Baseline Vehicle Emission Intensity (g CO2 / mi) 516
-: | New Fleet

~ |CO2 Reduction for Eff. Vehicle (%) 40.0%
“|New Fleet CO2 Reduction (%) 40.0%
- |New Fleet CO2 Reduction (MMT) 86.2
New Fleet Gasoline Consumption (billion gallons) 11.5
Avoided Gasoline Consumption (billion gal) 7.7
Costs

Fuel Savings ($M) $15,744.0
Annualized Vehicle Capital Costs per Vehicle $351.50
Annualized Fleet Vehicle Capital Costs ($M) $11,248.1
Net Total Costs ($M) -$4,495.9
Abatement Costs in $/tonne CO2 -$52




Plug -In Hybrid Electric
Vehicles
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o Ejitele primary driver

SrCAF I_??s 2007 ZEV Study: extensive battery
== fhnology analysis

rl""'___-_
."':—'-—

— j—_ With confidential company questionnaires, verified by
their engineers, etc.

¢ $300-$700 / kWh
— Need about 7-8 kWh for PHEV 20

vy
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Tamny Chemistries
:,_ﬁ. try as! Itsiown advantages
tertown MA) makes Li FePO,

5]0)




3attery Comparison Chart

2 2
° 3
AL 0 » 3
_ 22 9rc g 5
~ [Chemistry S 24%3< 3
- |LiCoO, + x| x|+
Li(Ni-Co-Al)O, (NCA) |+
Li(Ni-Co-Mn)O, (NCM) +
LiMnO, (LMS) + |+ X"
LiFePO, + X" |+ +
Li-Polymer + + |+ |+ + (X
NiMH X X |+

*Potential for improvement
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~ e (But PHEV 20 > PHEV 16

R
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RIEVS

Corlcltfs]e
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> AdVelge] g_:h- Df PHEVs LADWP NGCC Plant
— Cle ectr|C|ty in CA

__:' '_@ eép off-peak night-time charging opportunity

T = Large electric drivetrain efficiency advantage

—

_-"_,..-l—

== —-::-* When in gasoline mode, still runs like a regular hybrid
—-?—— — PHEV 20 saves about 50% of CO, (NGCC electricity)

———$ -$0.07 [ KWh electricity is like $0.54 / gallon gasoline.
e PHEVSs are likely to be economic well before 2020.
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~ Compressed Natural Gas

Vehicles
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gomipressed Natural@m'@)-

ENNEEIESs carbon err nit,eneray. tham gasoline,
Il CLICE , 200

= Jepema ‘upon fugitive: methane emissions &
el FJ\ drlvetraln efficiency

= 95 -s disagree somewhat
= 4.& g dy used extensively in New Delhi

= e mr—
b = B !F:“ -\;-"‘ A}
1

,_\JQlJI‘ 6 50Y%6 reatictiont

= ’iower criteria pollutant emissions

o
= e
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CNEHER) S,_COnt d‘
o |\add gierz]e ' ANk INeHEate endine:
morlmm Lion), and rueling Tfrastrtcture
¥ Juru tlrgn Infriastructure already exists

= JECJ rJr s or home refueling < $2000 / vehicle

J Mrn source: CEC Pet. Red. Opt. Study (2005)

T =S L- iggestion: for incremental capital cost:
5" . f' - $48OO to $6400 initially

— $2600 to $5300 after moderate mass production
— Zero ultimately.

e Assume moderate production by 2020

36



ﬁerm (0.115 MMBTU) = 1 gallon gasoline
v~
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Ethanol
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relif] amrm I (e d. US corn): marginal at best

Licjzlrezlg slethanol is superior economically and
erJ\/JrQﬁ entally

== _.CJL_; - ethanol

:;..:":-"—:-" lose ‘to commerdialization?
,Energy crops on dedicated land

— Orwastes & ag residues

= —® Mlght be eclipsed by butanol, FT diesel, “renewable”
gasoline / diesel, algal biodiesel, etc.

— Ethanol’s tendency to mix with water makes it incompatible with
existing fuel distribution infrastructure.

— Requires lots of energy for distillation 39
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IEA__ 2004 Biofuels,Study,

Hange of Estimated Greenhouse Gas Reductions from Biofuels

Ethanaol from Ethanal from Ethanol from Ethanel from Biodiesel
grain, sugar beet, sugar cane, cellulosic from
LIS /EU EL) Brozil feedstock, [EA  rapeseed, EU




INSIDE THIS WEEK: TECHNOLOGY QUARTERLY
Why you should still be scared of Iran
The 4 The world's best andworst schools
Economist  umisngyer genes
The beginning of the end for Chéivez
CGEMIER B 144 T80T [ Our books of the year

Cogal, SOE "heat prices
IevE ey cloubled in the
gstye carl
—-_J\"aﬂ anol policy
= H-E-hereS'e meat consumption
-**""""Bad for urban poor

e Increases pressure to cut
down rainforest
e 15 g CO; / MJ penalty for
sugarcane

Clearing in Amazon



— gallon gasollne equivalent.
-~ — Price in 1990 (in 2007$) was $1.89.
— Not counting import costs
— Consumer not likely to see production cost savings
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FUEI r lce relative to gasollne main driver

_IJ Sij hift in fuel price = $694 in capital

— rr gh to pay. for flex fuel vehicle capital &
= stantlal fueling infrastructure.

=== *C’EC FEV is only $200-$400 more

'__' '_0 Some advanced biofuels: no need for
- gnyinfrastructure change
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WPHEVS, CNG, & Ethanol =
Mlegliket Penetration in Supply Curves

PRESEEEd o) LCFES/ (2007) scenarios for 2020:
= JJ/J ENG

= __tOH (Currently 4% by mandate)

2 70;:IPHEV
=—» —-1gher?

rl"""_-_
."':—'-—

- — I'd bet on PHEV
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= Dozen technologies
— 4 classes of truck

— 3 used here: heavy diesel, medium (7-13 tons)
diesel, & medium gasoline

¢ For heavy diesel, 41.1% reduction at $21K

46



r rLc d:-uel E En y,.CQﬁt

o AdefitforlelSot]fees mﬂ@ﬂh——-—q
— rlddt__l ata from ANL VISION Model (Scaled to
,sJJJrQ jiarvased oni population)

S DIESE IC Intensity from LCFS Tech. Rep. (2007)
-,:._h—sﬁe yr Llfetlme based on VISION fleet data

p—— g —_
g —— —
.-r

~ —Diesel Price from CEC Forecast

‘f- Population scaling > overestimate
' — State’s geography - refueling outside of CA
— Best: if done as regional policy
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2020 Supply Curves
$250 ‘ ‘ ‘
$200 1 PQStPaVIeylLCFS ,,,,,,,,,,,,,,,,,,,,,,,
: : B 1 —
$150 1
BAU
$100
550 - ; ; ; ; ;
S 3 3 Hybrids 3 Hybrids
O $0 i i I | i —1 |
& 0,0 20.0 40.0 0 80.0 100&_'2&91 140.0 160.0 180.0
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$/t CO2

-$250

$250

2020 Supply Curve (Beyond Pavley / LCFS) Gas Price Sensitivity
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$/t CO2

-$100 -

-$150

2020 Supply Curve (Beyond Pavley / LCFS), Sensitivity to Tech
Development /| Market Penetration / Price
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2020 Supply of GHG Abatement, Beyond Pavley / LCFS

| $0 to $50
@< $0

140.0

120.0

100.0 -

40.0 -

20.0 A

0.0 -

Base Low Gas Price High Gas Price Poor Tech Dev Good Tech Dev




\/\/rmr does thls mean._..-"‘-b—

regl JJ;" could contribute significantly
I"O r\_) 4

—® At the very least, further research should
be done by the state as part of the AB 32
Process.
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oﬂj ollcy Options? -
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) —

Jﬁybﬂd' z)flclz| e SUSIo

RESHITECE the ZEV requirement (& include
Pr ”'\/J

mfh: de; transport fuels in a cap & trade
e ee Friedman is working on this.
E-“Feebates (now under discussion)

o Low interest loans (to cover extra purchase
cost: $1-5K) for efficient / alternative fuel
vehicles, to be paid back with fuel savings
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NGEPIE 8) CARB! funding for E3 electr|C|ty
SEGLOY I _{)dellng

i \A\- liams, Ren Orans, & other E3 Staff

Prc wAIex Farrell for comments
:(_2 ARB tuition grant for last fall

s Dr. Robert Sawyer
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) \/\/or}'mJ r#: el available on web
SNEIETY j/ //cydraft IN progress
J Fonr asubln@berkeley edu
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