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ol S | Motivation

» Transportation accounts for 33% of US CO,
Emissions (EIA 2005)

» Transportation is the largest contributing end-use
sector to total CO, emissions (EIA 2005)
» Light duty vehicles contribute to

e 60% of total transport CO, emissions
e 80% of passenger transport CO, emissions
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OPIECTS-MiniCAM Transportation

Transportation Demand Aggreate Demand
Transport Services Passenger Transport
// Nnme valug,transt speed)
Modes Auo  IETwk  Ar Sup  Moorcycle

Ffiel economy, non-fuel cost, load factor)

Vehucle Technologies
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7 Automobile Fuel Economy
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AgprPassenger Vehicle Assumptions:
Fuel Economy

Fuel Economy (miles per gallon) 2005 2020 2050 2095
Auto ICE 21 21 23 25
Auto Advanced ICE 33 35 38
Auto HEV 36 38 42
Auto Diesel 35 37 40
Auto Diesel HEV 43 46 50
Auto PHEV 73 77 84
Auto PHEV (electricity KWh/veh-mi) 0.18 0.17 0.16
Lt-Truck ICE 16 17 18 20
Lt-Truck Advanced ICE 26 27 30
Lt-Truck HEV 27 29 31
Lt-Truck Diesel 26 27 30
Lt-Truck Diesel HEV 32 34 37
Lt-Truck PHEV 54 57 63
Lt-Truck PHEV (electricity KWh/veh-mi) 0.23 0.22 0.20
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S0 " Automobile Non-Fuel Cost
(Levelized)
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Scenarios

Part 1 | Scenarios | Description
Base ICE light-duty vehicles only (auto & truck)
Base-PHEV ICE and PHEYV light-duty vehicles

P art 2 Base-550 ICE light-duty vehicles with 550 ppmv climate constraint
Base-PHEV-550 | ICE and PHEV light-duty vehicles with 550 ppmv climate constraint

Part 3 Advanced ICE, advanced ICE, diesel, DHEV, and HEYV light-duty vehicles
Advanced- ICE, advanced ICE, diesel, DHEV, HEV, and PHEYV light-duty
PHEV vehicles
Advanced-550 ICE, advanced ICE, diesel, DHEV, and HEV light-duty vehicles with

550 ppmv climate constraint
Advanced- ICE, advanced ICE, diesel, DHEV, HEV, and PHEV light-duty
PHEV-550 vehicles with 550 ppmv climate constraint
Batielle Goen | S KIARRLAKES | PecicNorthwest National aboratory




Part 1: PHEV Penetration - No Carbon
Price

Comparison of Base Case and
Base Case with PHEV
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| US Light Duty Passenger
Transport Service (Auto & Truck)
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‘Number of Light Duty Passenger
Vehicles in the US (Auto & Truck)
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» In 2035: 51 million PHEVs
on the road (15% of 336
million Lt-duty vehicles)

» In 2095: 239 million PHEVs
on the road (44% of 538
million Lt-duty vehicles)

» Assumptions: 1.6 load

factor, 12,000 annual miles
per vehicle
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Fleet Average Auto MPG
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”’US Fuel Consumption - Light Duty

» In 2035: annual gasoline

savings of 1.4 million
barrels per day from
PHEVs (11% savings
from Lt-duty total of 12
mbpd without PHEV)

» In 2095: annual gasoline

savings of 5.5 million
barrels per day from
PHEVs (31% savings
from Lt-duty total of 18
mbpd without PHEV)
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= US CO, Emissions:
'From Lt-Duty Vehlcle Fuel Consumption

- » In 2035: annual net CO,
800 emissions reduction of

_ 700 | 47 MTC due to PHEVs

8 600 | /_/_/'/I: (9% reduction from
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§ 400 // )

Sa0, » In 2095: annual net CO,

S 200 === L emissions reduction of
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0 \ | | | | | (27% reduction from

1990 2005 2020 2035 2050 2065 2080 2095 Base Case)
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Y 2.0

- US CO, Emissions:
‘rom PHEV Electr|C|ty Consumption

PHEV Electricity Consumption
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In 2035: 116 thous. GWh of
electricity consumption from
PHEVs (2% of 7.7 thou. TWh
total electricity).

In 2035: 11 MTC of CO,
emissions from PHEV
electricity demand.

In 2095: 482 thous. GWh of

electricity consumption from

PHEVs (4% of 13 thou. TWh
total electricity).

In 2095: 38 MTC of CO,
emissions from PHEV
electricity demand.

In 2095: 105 MTC if all
additional electricity is from
coal.

l @ Wﬁ% I Paaflc Northwest Natlonal Laboratory

Operated by Battelle for the 1.S. Depar f Energy
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; Sources of Additional
Electricity Generation in the US

» In 2095: Additional

2095: additional electricty generation by type generation of e|ectricity
comes primarily from
10 coal, natural gas and
S nuclear.
O 100
3 o » ObJECTS-Minicam does
S not model peak,
l | B o [ ] intermediate and base
2 o © B > @& D load electricity markets or
G & FEE TS idle capacity.
‘Q\
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P¥ Us CO, Emissions:
Reflnery for Lt-Duty Vehicle Fuel

ZeddmSRefined Liquid Production by Feedstock

B unconventional oil

Pl Sngas o » Improved fleet average
A HAN G fuel economy from PHEV
ol penetration has the
5 . added benefit of lower
Z refinery CO, emissions
particularly in the latter
10 A
half of the century where
01990 20‘05 20‘20 2035 2050 2065 2080 2095 unconventional OiIS and
N ! coal liquids are in use.
c 350 — ey
g l » In 2095: CO, emissions
2 200 | reduction of 111 MTC
g 150 (30% of Base Case
; 100 refinery emissions).
52 = = e ‘ ‘ ‘
1990 2005 2020 2035 2050 2065 2080 2095
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Emlssmns Passenger Light Duty:
um of Fuel Combustion, Electricity

and Refinery Emissions
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In 2035: annual net CO,
emissions reduction of 47
MTC (169 MT CO,) due to
PHEVs (9% reduction from
Base Case).

In 2095: annual net CO,
emissions reduction of 283
MTC (1013 MT CO,) due to
PHEVs (27% reduction from
Base Case).

In 2095: annual net CO2
emissions reduction of 215
MTC if all additional
electricity demand is from
coal.

Paaflc Northwest Natlonal Laboratory
telle for the 18




' us'ions: Part 1 - PHEV Penetration
(No Carbon Price)

the absence of climate constralnts no carbon price), the
enetration of PHEVs for passenger 'P ht duty service
“results in substantial reductlons |n fue consumptlon and
CO, emissions.

> In 2035 (US Results):

e 15% PHEYV penetration of all vehicles
e 11% reduction in fuel consumption
e 9% reduction in net CO, emissions from light duty vehicles.

» In 2095 (US Results):

e 44% PHEV penetration of all vehicles
e 31% reduction in fuel consumption
e 27% reduction in net CO, emissions from light duty vehicles.
» Additional electricity demand from PHEVs is not large and
not a S|gn|f|cant source of emissions.

e Issues:. fuel or plant choice for additional electricity generation,
availability of excess capacity, and regional demands for electricity

Battelle G | G RIARULANDS

PEICIfIC Northwest Natlonal Laboratory
erated telle for the 1 9
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Part 2: PHEV Penetration in a
Climate Constrained World

(Comparison of Base Case and
Base Case with PHEV and
with 550 ppm Constraint)
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Global CO, Emissions and
WRE 550 Constraint

Global CO2 Emissions
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US Light Duty Passenger
Transport Service (Auto & Truck)
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-”Additions to PHEVs on the Road
' In the US - 550 ppm Constraint

» In 2035: minimal new PHEV
additions as the 550 ppm

" 300 ~ constraint does not have
Base-PHEV - significant bite in 2035
250 1 - = Base PHEV-550 ' (additional 2 million PHEV

vehicles, 4% more than
without constraint).

®» In 2095: additional 33

100 | million PHEVs with policy
(14% more than without
constraint).

200 -

150 -

Million Vehicles

50

O T . T T T T I . .

19090 2005 2020 2035 2050 2065 2080 2005 1N 2095: 272 million total
PHEVs on the road (50% of
542 million total light duty

vehicles).
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US CO, Emissions:
om Lt-Duty Vehlcle Fuel Consumption

US Lt-Duty Fuel Consumption

» In 2035: additional annual

y - gasoline savings of 0.04
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US Electricity Generation
Penetration of CCS and Nuclear
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25

US CO, Emissions:
rom PHEV Electr|C|ty Consumption

US Lt-Duty PHEV Electricty Consumption

» In 2035: 121 thous. GWh of
g Lo sserrevso electricity consumption from
| PHEVs (4% more than without
e climate constraint).
510 » In 2095: 550 thous. GWh of
electricity consumption from
05 PHEVs (14% more than without
. climate constraint, 4.6% of 12
19‘90 2005 20‘20 20‘35 20‘50 20‘65 20‘80 2095 thou TWh tOtal eleCtrICIty)
Lt-Duty CO2 Emissions from Electricity . L. .
N - B While more electricity is
e BT o oo - ooy consumed with PHEVs and
£ 30 - climate constraint, CO,
2 25 - emissions from the electr|C|ty
8 20 - sector are significantly lower
S 15| with the carbon price.
= 10 = -
s . » In 2095: CO, emissions are
e 89% less relative to case
1990 2005 2020 2035 2050 2065 2080 2095 without the carbon price.
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e ‘US Refined Liquid Fuel Production
Penetration of Biomass Based Fuels
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US CO, Emissions:
From Refinery for Lt-Duty Vehicle Fuel

» While nearly the same

500 amount of fuel is
gk consumed with PHEVs
g 300 and a climate constraint,
§ 200 CO, emissions from
o 100 refineries are significantly
K lower with the carbon
< -104° price.
= -200 Bl
300 L e = B In 2095: CO, emissions
400 credit (negative offset) of

177 MTC due to climate
constraint and biomass
fuels.
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" 1200

O Em|SS|ons Passenger Light Duty:

Sum of Fuel Combustion, Electricity

and Refinery Emissions

» Although the total number
of PHEVs on the road is not
significantly greater under

the climate constraint, net

=
o
o
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200

CO, emissions from Lt- -duty
vehlcles are significantly
lower.

In 2095: additional 494
MTC CO, emissions
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Base-PHEV-550 C||mate Constralnt
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m jncnl @UN]VERSITY QOF

1990 2005 2020 2035 2050 2065 2080 2095> In 2095 74% reductlon

from Base Case (without
PHEVs and climate
constraint).
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Conclusions: Part 2 -
PHEV Penetration in a
Climate Constrained World

" A carbon price that raises vehicle fuel cost is not a strong leverage on
the penetration of PHEVSs (relative cost of fuel is small compared to the
total service cost).

®» In a climate constrained world, carbon is taken out of electricity and
refined fuel production.

» Advanced vehicle technologies or low carbon or carbon neutral fuels
(and electricity) are alternative means for CO, emissions reduction from
transportation.

» A comprehensive approach that includes advanced vehicle technologies
and economy-wide carbon constraints are the most effective for reducing
transportation CO, emissions.

» Future studies: land-use emissions, net emissions from bio-fuel
production, and carbon capture technologies for refineries.

JGCRI @ UNTVERSTEY OF Pacific Northwest National Laborator
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Part 3: Vehicle Technology Competition

(Comparison of Advanced Case and
Advanced Case with PHEV
- With and Without Climate Constraint)
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US Light Duty Passenger
Transport Service
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7 US Fleet Average Automobile
s Fuel Economy

Average Auto MPG
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Sum of Fuel Combustion, Electricity
and Refinery Emissions
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Conclusions: Part 3 -
Vehlcle Technology Competition

» Total fleet average fuel economy is the key determinant of
transportation fuel consumption and CO, emissions
reduction.

» Greater penetration of lower cost but second best alternative
vehicle technologies could result in higher fleet average fuel
economy then the single best alone.

» Availability of the suite of advanced vehicle technologies
(with climate constraint), however, resulted in the greatest
cumulative reduction in fuel consumption and CO,
emissions from passenger light duty transport.

JGCRI @ UN R BSITx Ot Pacific Northwest National Laborator
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Modeling Transportation

Many different vehicle technologies and modes.
Two transport services, passenger and freight.
Modeled simply.

Vehicle Service veh [(Pfuel /Effveh) +P non— fuel veh]/ LF

Modal Service P.og = ZS, veni TW T e
Passenger Service pass Z S.P mode, j
Aggregate Demand D s = C P | Cap -Pop
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Technology Competition

A Probabilistic Approach

Market Price

Median Cost
Technology 1

Median Cost
Technology 3
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Passenger Vehicle Assumptions:
Non-Fuel Costs

Non-fuel Cost (2005 US$ per vehicle-mile) 2005 2020 2050 2095

Auto ICE 051 051 051 051
Auto Advanced ICE 0.53 051 051
Auto HEV 0.57 054 051
Auto Diesel 0.53 052 051
Auto Diesel HEV 0.60 0.58 0.54
Auto PHEV 0.63 0.61 0.57
Lt-Truck ICE 0.53 0.53 0.53 0.53
Lt-Truck Advanced ICE 0.57 0.55 0.53
Lt-Truck HEV 0.62 0.59 0.55
Lt-Truck Diesel 0.61 0.60 0.57
Lt-Truck Diesel HEV 0.67 0.64 0.60
Lt-Truck PHEV 0.70 0.67 0.63
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; ¥ US Transportation CO, Emissions
=5 Base Case
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Sy Global Carbon Price
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/.

US Refined Fuel Consumption

US Lt-Duty Fuel Consumption
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US Electricity Consumption

US Lt-Duty PHEV Electricty Consumption

2.5
Base-PHEV =& Advanced-PHEV
Base-PHEV-550 =/ Advanced-PHEV-550
2.0
S 15 |
>
o
o
- 1.0 -
L
0.5 1
0.0 A A [ [ [ l l

1990 2005 2020 2035 2050 2065 2080 2095

PEr 5 i .
& IGCRI @ UNTVERSTEY OF Pacific Northwest National Laborator
Ba"elle g HEEEF Ioint Global Change Research Instilule b MARYLAND Operated by Battelle for the U.S. Department of Energy y 44




Y . US CO, Emissions:
B prom Lt-Duty Vehicle Fuel Consumption
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; US CO, Emissions:
L From PHEV Electr|C|ty Consumption
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/ US CO, Emissions:
i@’ From Refinery for Lt-Duty Vehicle Fuel
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