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"Research Powers the Future"

PIER Transportation will
coordinate its research with the
ARB to advance science that will
lower California’s greenhouse gas
emissions and reduce California’s
dependence on petroleum.

Reduce California's Petroleum Dependency
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Vehicle Transportation
Technologies Alternative Fuels Systems

*  Plug-in Electric e Investigate expanded range e Transportation energy
Hybrids of biofuel production in sustainable

e Natural Gas Vehicles opportunities communities

e Vehicle e Improve energy and e Electricity as Fuel
Lightweighting environmental performance e Goods movement

*  Energy-efficiency - of t;]IOfL:el process e LCATools and
active components technologies Methods

e Demonstrate technical
viability of expanded biofuel
blends with conventional
fuels within existing
infrastructure

*  Energy efficiency —
passive components
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Natural Gas Vehicles: Complete
Alternative Fuels: Completion 15t Quarter ‘09
Plug-in Hybrid Electric Vehicles: Completion 4" Quarter, ‘08

Vehicle Sub-system Efficiency: Completion 4" Quarter, ‘08
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Why start with these?

-strong policy connection
-need utility partnerships for implementation
-ARB interest
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Roadmap Objectives

* Relative to selected issues, identify gaps in ongoing research

 Facilitate collaborations with other research institutions, state
agencies, and utilities

« Define short-, mid-, and long-term goals, timeframes, budgets,
and activities

« Balance timeframes, risk, and provide the greatest public
benefit

 Define success metrics
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The State Alternative Fuels Plan notes that “...Natural gas use in heavy-duty

vehicles alone could represent about 36 percent of the freight and off-road vehicle
fuel use by 2050.”

But, the NGV research roadmap notes

NGVs: Ready Fuel, Limited Takers

e “...alack of heavy-duty and off-road engine sizes/capacity...” and,
e \ehicle integration is a significant hurdle to greater NGV availability and market
pen etration
Table 4: Maximum Feasible Alternative Fuel Use Results By Fuel
. i 2012 2017 2022
Mile Stone Year 0 {lee | GHG | FuelUse | GHG | FuelUse | GHG

Propane 48 =0.1 173 0.1 282
Natural Gas 306 15 518 25 835 (¢ 44 !
E10 (MW Com) 1394 38 1354 38 1327 =
E85 (CA Poplar) 83 0.7 434 3.9 738 b5
Hyvdrogen 40 0.3 80 [N 440 44
Electricity 86 21 187 5.1 376 b.7
GTL, CTL, and PTLx 320 ] 530 0 &30 0
Eenewable Diesel 130 1 310 24 530 432
Dimethyl Ether 13 i} 62 0 101 Q0
Total 2420 10 3048 18 5309 30
Fuel use measured in million gasoline gallon equivalent. For hvdrogen and electricity, the
petroleum displacement is greater than the fuel used due to the vehicle efficiency.
GHG measured in million metric tons per vear.
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NG used as transportation fuel in 2006:  116 million gge.
306 million gge is about 4 percent of California’s annual transportation fuel use.
Heavy-Duty CNG + LNG vehicles could displace over 10% (approx 13%) of diesel consumption by 2022 and potentially over 40% by 2050, based on public benefits and much lower prices.
 The $35K to 80K extra cost of CNG & LNG engines and fuel systems can be amortized within a few years with lower fuel costs for high fuel consuming vehicle operations
 The higher costs of CNG & LNG fuel stations are undertaken by fuel suppliers using grants for air quality improvement where available [$100k for minimum diesel station vs. $700k for minimum LNG station (13,000 gallon storage to accept 10,000 gallon cryogenic tanker capacity deliveries)].
The storage and range extension options increase the cost of the natural gas vehicles making them less competitive with the conventional fuel vehicles. In some heavy-duty vehicle applications, tank costs make up sixty to eighty percent of the incremental cost of the vehicles compared to the baseline conventional vehicle. For light-duty vehicle applications, tanks providing a capacity of only 15 gallons of gasoline equivalent would add as much as 500 pounds to the car and take up more than half the truck space. For a vehicle in the weight range of 2500 to 3000 pounds, an additional 300 pounds imposes a fuel economy penalty of about 6%. The combination of higher incremental cost and limited range is a continuing barrier to the greater and more efficient use of natural gas in California’s transportation energy portfolio as envisioned in the Energy Commission’s 2005 IEPR and the AB 1007 State Alternative Fuels Plan and the PIER Natural Gas Transportation Program Roadmap. If successful, this project may reduce the vehicle on-board storage cost by up to 80 percent and fueling station cost by up to 90 percent.
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The NGV Research Roadmap Shows a Development Path

"Research Powers the Future"
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Each row in Table 4 represents a suggested sequence for related activities, that is, the left-most item representing an activity that should be happen before those on its right.  For example, the first row indicates that an activity supporting the broader integration of "more heavy-duty and medium-duty engine sizes" should take priority over activities developing "more line-haul heavy-duty" and "light-duty vehicle" choices. ��In general, activities placed in the Second Tier or Longer-term Priorities columns either depend upon progress in the related Near-term activity in the same row, and/or were viewed by stakeholders as less of a priority than the other suggested activities.   In the first row, the "line-haul" and "light-duty" activities are not included in the near-term column because these applications are seen by stakeholders as developing but longer-term markets for natural gas vehicles, whereas the "near term" activities serve more immediate needs.���In those rows where one or more of the columns have no entries, there is no related program matching the priority level for that column.  For example, while “existing heavy-duty and medium-duty engine improvements” is among the “top priorities” (i.e., near-term priority), the “HCNG and HCCI engines/verifications” measure is a related program, but is a “longer-term” priority that ranks behind those in the “second-tier priorities” column.�
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Project: Advanced, Heavy-Duty 0.20 g/bhp-hr NOx
' LNG HPDI Engine

. $500,000 PIER funding with $9 million in match
funding to demonstrate the Westport LNG HPDI
engine in heavy duty truck applications

%« Emissions equal to or better than 2010 clean
‘ diesel

g Substantial reduction in emissions for Ports of
Long Beach and LA

.« Partners include ARB and SCAQMD
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IF the sole source happens.


NG used as transportation fuel in 2006:  116 million gge.
306 million gge is about 4 percent of California’s annual transportation fuel use.
Heavy-Duty CNG + LNG vehicles could displace over 10% (approx 13%) of diesel consumption by 2022 and potentially over 40% by 2050, based on public benefits and much lower prices.
 The $35K to 80K extra cost of CNG & LNG engines and fuel systems can be amortized within a few years with lower fuel costs for high fuel consuming vehicle operations
 The higher costs of CNG & LNG fuel stations are undertaken by fuel suppliers using grants for air quality improvement where available [$100k for minimum diesel station vs. $700k for minimum LNG station (13,000 gallon storage to accept 10,000 gallon cryogenic tanker capacity deliveries)].
The storage and range extension options increase the cost of the natural gas vehicles making them less competitive with the conventional fuel vehicles. In some heavy-duty vehicle applications, tank costs make up sixty to eighty percent of the incremental cost of the vehicles compared to the baseline conventional vehicle. For light-duty vehicle applications, tanks providing a capacity of only 15 gallons of gasoline equivalent would add as much as 500 pounds to the car and take up more than half the truck space. For a vehicle in the weight range of 2500 to 3000 pounds, an additional 300 pounds imposes a fuel economy penalty of about 6%. The combination of higher incremental cost and limited range is a continuing barrier to the greater and more efficient use of natural gas in California’s transportation energy portfolio as envisioned in the Energy Commission’s 2005 IEPR and the AB 1007 State Alternative Fuels Plan and the PIER Natural Gas Transportation Program Roadmap. If successful, this project may reduce the vehicle on-board storage cost by up to 80 percent and fueling station cost by up to 90 percent.
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Results will Target ARFVT (AB 118) Implementation
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ARFVT (AB118) Inplementailon |
Incentives, Supporis, Demonsirations



Planned PIER Transportation Solicitations

Natural Gas Engine
Development

Direct Biosynthesis of
Alternative Fuels

CHP Applications of Heavy
Duty Truck Engines*

Characterization and
Purification of Digester
Biogas**

Increase efficiency and
reduce emissions in HD
engines

Develop processes for
direct biosynthesis of
renewable fuels

Advance technologies that
provide co-benefits to
heavy duty vehicles used
in both on- and off-road
transportation

Develop biogas cleanup
technologies to enable the
use of biogas as a
transportation fuel

*Co-funded solicitation with PIER EPAG Subject Area

**Co-funded solicitation with PIER Renewables Subject Area

Grant

Grant

Grant

Grant
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"Research Powers the Future"

EGY_COMM

$2 million 10/08

$1.25 million 10/8

$1 million 9/08

$1 million 9/08
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2007 total CO2 transportation emissions in Cal, 

Approx. 306 billion tons per year.



Competitive Grant Solicitation
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Advanced Heavy-Duty Natural Gas Engine Research & Development

PIER Transportation Vehicle Technology Focus Area



Purpose of Solicitation

* Accelerate R&D of advanced natural gas
engine concepts for application in heavy-
duty vehicles.

PUBLIC INTEIIEST ENEIIGY HESEAHCH
"Research Powers the Future"
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* RD&D is needed to improve the operating
efficiency and power output of heavy duty
natural gas engines.

* Natural gas (both CNG and LNG) offers
good near-term potential to serve a larger
share of the vehicle market if certain
performance and technical barriers can be
overcome.

o Analysis in the State Alternative
Fuels Plan shows a high potential for
Natural Gas to reduce GHG (11-
23%), however a loss of efficiency
detracts from beneficial market
expansion.
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* Promising technologies that improve fuel efficiency and may also improve
the power density of heavy-duty natural gas engines - through new
advances in combustion and/or engine control technologies. -

* Candidate concepts include (but are not limited to):
o cylinder deactivation

advanced controls f
direct injection

combustion chamber optimization

cool-combustion technolc_)gies \
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* Targeting engines for OEM vehicle applications that have a significant
presence in California fleets

* Targeting high fuel use heavy-duty fleet applications and market sectors,
both on-road and non-road

* Proposing concepts that offer significant reduction in fuel consumption
relative to conventional NGV heavy-duty engines

* Proposing technologies that can be broadly applied to different heavy-duty
NGV engines, with a variety of power levels, and implemented into a variety
of vehicle applications.

* Providing market-competitive driving characteristics, without performance
compromises

* Exceeding applicable ARB heavy-duty on-road emission requirements
* Proposed research projects must include:

o development and prototype testing of advanced concepts for later
product development

o the development of engine components and systems for near-term
market introduction.
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Eligible Applicant Requirements X
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* This is a competitive solicitation seeking technology developers
and teams who have demonstrated expertise and experience
with the development of advanced engine concepts, control
systems, and products.

* To be eligible applicants must present a team with demonstrated
development, testing, and commercialization capabilities.

* Both private and public entities may apply.
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* A total of up to $2 Million is available for PIER project funding through this
solicitation.

* The Energy Commission anticipates selecting two to three projects for
funding as grants.

* No single applicant may request funding for more than $1,000,000.

* This solicitation requires match funding which should be appropriate and
consistent with the expected level of public versus private benefits accrued
from the project.

Release of Program Notice November 10, 2008

First Pre-Proposal Workshop November 25, 2008

Second Pre-Proposal Workshop, via WebEXx only December 4, 2008

Deadline to Submit Proposals February 24, 2009

Post Notice of Proposed Awards April 2009 (Estimated)
Approval of Awards at Energy Commission May — June 2009 (Estimated)
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Thank You!

NGVAmerica 2008 Conference
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