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The Rulemaking Process: Greenhouse Gas Reduction
through Off-Road Emission Controls

Hung-Li Chang, Ph.D.

ABSTRACT

The Air Resources Board (ARB) is a department of the California
Environmental Protection Agency. ARB's mission is to promote and protect
public health, welfare, and ecological resources through effective reduction of air
pollutants while recognizing and considering effects on the economy. The air in
California cities, and even some rural areas, is polluted. It threatens our health,
property, and environment. With a growing population of over 30 million, and
the kind of climate and geography where smog is easily formed, California has a
serious air pollution problem. Government regulations protect the public from
unfair or unsafe business practices and individual behavior that cause air
pollution. California's health-based air quality standards and strict air pollution
regulations have improved air quality in many parts of the state. But air
pollution is still a big problem. Regulations work best when everyone gets
involved. While air pollution experts understand the technical side of air
pollution, citizens know about the problems and special needs of their family,
business, or city. Transparency and Public Participation in the Rulemaking
Process can help air quality regulators create more effective regulations.

The Governor with the consent of the State Senate appoints ARB’s eleven
board members. They are chosen on the basis of their demonstrated interest and
proven ability in the field of air pollution control and their understanding of the
needs of the general public in connection with air pollution problems. Members
must meet qualifications specified in the law. Five members must be chosen
from the boards of local air quality management districts: one each from the San
Diego Air Pollution Control District, San Francisco Bay Area Air Quality
Management District, San Joaquin Valley Unified Air Pollution Control District,

1. Emission Research and Regulatory Development Branch Cal/EPA Air Resources Board
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South Coast Air Quality Management District ( greater Los Angeles region), and
one from any other district. Three other members fill specific categories. One
must have expertise in automotive engineering or a closely related field. One
must have expertise in science, agriculture, or law. One must be a physician and
surgeon, or health effects expert. One of the three remaining members must
have expertise in air pollution control, or must meet the qualifications of one of
the three categories mentioned above. The remaining two members are public
members. The Governor appoints a full- time Chairperson to the Board from
among its members. At the board hearing, ARB staff presents an item to the
Board and then answers questions and discusses the item with the Board
members. This is followed by public testimony and discussion. The Board
then deliberates and takes action on the item.

Assembly Bill 32, the California Global Warming Solutions Act of 2006
(AB 32), creates a comprehensive, multi-year program to reduce greenhouse gas
emissions to 1990 levels by the year 2020. Governor Schwarzenegger directed
the ARB to adopt a regulation by July 31, 2010, requiring the state's load serving
entities to meet a 33 percent renewable energy target by 2020. ARB may
consider different approaches that would achieve the objectives. This could
include the use of renewable energy credits (RECs) to meet compliance targets,
and the use of a megawatt-hour (MWh) metric to quantify greenhouse gas
benefits.

The off-road emission standards, renewable electricity standard and other
environmental regulations are typically portrayed as an outside force stimulating
research and development of renewable energy or so called clean/green/
alternative energy. The increasingly stringent regulations to control greenhouse
gas emissions, the subsequent high levels of regulation-driven R&D and capital
investment make competition based on environmental performance relevant to
business practice. Because regulatory compliance is so critical to the off-road
engine manufacturers and renewable energy development, the manufacturers or
developers are more likely to include environmental concerns as part of their
overall corporate planning and strategy.

ARB has conducted many studies to evaluate the impacts from airborne
particulate matter emissions from diesel-fueled engines associated with port
activities at the Ports of Los Angeles and Long Beach (ports) located in Southern
California. The purpose of these studies was to enhance our understanding of the
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port-related diesel particulate matter (PM) emission impacts by evaluating the
relative contributions of the various diesel PM emission sources at the ports to
the potential cancer risks to people living in communities near the ports. This
information will assist in the efforts underway to reduce diesel PM emissions at
the ports by helping to identify the sources that have the greatest impact on
potential cancer risks to nearby residents and by providing a tool that will allow
evaluation of the impacts of measures planned and under development that are
designed to reduce diesel PM emissions.

The study focused on the on-port property emissions from locomotives,
on-road heavy duty trucks, and cargo handling equipment used to move
containerized and bulk cargo such as yard trucks, side-picks, rubber tire gantry
cranes, and forklifts. The study also evaluated the at-berth and over-water
emissions impacts from ocean-going vessel main and auxiliary engine emissions
as well as commercial harbor craft such as passenger ferries and tugboats. For the
ocean-going vessel emissions, the study evaluated the hotelling emissions, i.e.
those emissions from vessel auxiliary engines while at berth, separately from the
maneuvering and transiting emissions.  Future analyses will consider the impact
of these off-port emissions.

The Rulemaking Process: How You Can Get Involved

@ Air Resources Board
* First meeting Feb. 1968 - 41 years ago
* Now part of Cal/EPA
* Eleven appointed Board members
* Primary legal mandates:
- Ensure continuous progress toward attaining health-based air quality
standards
- Reduce public exposure to toxic air contaminants

& The Governing Board
* The Air Resources Board’s 11 members are appointed by the Governor
* Five are experts in fields such as medicine, chemistry, physics, meteorology,
engineering, business and law
* Five others are elected officials who represent regional air pollution control
agencies - one each from Los Angeles region, San Francisco Bay area,
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San Diego, and the San Joaquin Valley, and one represents the other districts
» The Chairman is the only full-time member

@ Federal EPA/ARB / Air Districts
* The Federal Clean Air Act, passed in 1970 and last amended in 1990, forms
the basis for the national air pollution control effort
» California State Implementation Plan (SIP)
* Failure to complete the SIP may result in sanctions — Federal highway fund
withholding
* Air district - Air basins are geographic areas sharing a common “air shed”

California Air Districts

I

€ AB 32
» Assembly Bill 32, the California Global Warming Solutions Act of 2006 (AB
32)
* Signed by Governor September 27, 2006
* Legislation outlining plan to reduce GHGs
* Codifies 2020 GHG limit at 1990 level
» Acknowledges that 2020 is not the endpoint
* ARB to monitor/regulate GHG sources
* ARB is lead, but extensive collaboration with other agencies

Large new effort, but must not detract
from ARB’s health-based programs
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€ Magnitude of the Challenge
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& Implementation of the Plan

» 2009-2010: adopt regulations

» ARB uses a formal structure to elicit public input in the regulatory process
- Regulatory development will follow public process
- Extensive stakeholder outreach and involvement

- Close and ongoing coordination with Cal/EPA, CEC, CPUC, and other state

agencies

* Regulations in effect January 1, 2012

€ Key Requirements for Plan’s Regulations
* Minimize costs/maximize benefits
* Protect low-income communities
» Compliment smog & air toxics programs
» Minimize administrative burden
* Other requirements for market-based compliance

- Consider direct, indirect and cumulative emissions including localized
impacts

& Transform Energy Production and Use
» Cutting energy use saves money while creating fewer GHG emissions

* Plan includes aggressive energy efficiency goals and increases renewable
energy

» Meeting the goals in the Scoping Plan will require

- Expanded utility-based energy efficiency programs

- More stringent building and appliance standards

- Green buildings and waste reduction

- Innovative strategies that go beyond traditional approaches
* Plan relies on expanded efforts by the CEC and CPUC
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CASE STUDY: RENEWABLE ENERGY

& Renewable Energy Overview

€ Agenda
* Legislative History
» SCE’s Renewable Portfolio
* Technologies
* Big Picture

& Early Renewable Regulation
* Public Utility Regulatory Policies Act (PURPA) 1978
- Driven by the Oil Crisis
- U.S. Congress Bill
- Renewable and Alternative generation

- Defined Energy Producer called a “Qualifying Facility” (QF)
- Obligated utility companies to purchase
- Originally based upon an oil price = $100/Bbl
* SCE currently has 202 active PURPA projects totaling 4,984 MW
- 56% are renewable technologies
45% are cogeneration projects
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& California’s Renewable Portfolio Standard (RPS)

* Senate Bill 1078 (2002 Sher):

- Renewable Portfolio Standard

Requires 20% of resources from renewable sources by 2017

* Senate Bill 107 (2006 Simitian)

- Accelerated the 20% renewable goal to 2010
*33% and 50 % RPS considered

- 33% by Governor’s executive order

@ SCE is Leading the Way in Renewables
» SCE’s renewable portfolio: 16% of 08 total power delivered
» SCE purchases about 50% of the California renewables
» SCE manages more than $2 billion in long-term renewable contracts
- SCE conducts annual solicitations (six to date).
- SCE has signed 48 new renewable contracts since 2002
 SCE is leading the development of transmission
- SCE will advance $1.7 billion to construct transmission to access 4,500
MW of wind resources in Tehachapi
- SCE studying transmission to other renewable rich areas

€ SCE’s 2008 Resource Mix

All Resources Renewable Resources
100%6 = 81 Billion kWh 100% = 12.6 Billion kWh
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& Types of Renewable Resources

* Eligible renewables that count toward the 20% goal
- Geothermal
- Biomass (e.g., agricultural, wood, landfill, sewage)
- Wind
- Small hydro (less than or equal to 30 MW)
- Solar
- Ocean wave, tidal current

€ What does not count in California?
- Hydro projects greater than 30 MW
- Customer owned generation (e.g., rooftop solar PV)
- Cogeneration
- Trash burners (except in Stanislaus County)

&€ Biomass

A biomass facility consumes any organic material not classified as fossil
fuel to produce electric power. Waste-burning facilities including coal waste
are also in this category, as are facilities that burn gases produced by the
decomposition of trash or sewage.

e~
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& BIOMASS FEATURES
ADVANTAGES DISADVANTAGES
® Provides waste ® Air emissions (various)
disposal/reduction
® Can reduce greenhouse gas ® Greenhouse gas emissions

emissions of untreated decay
® Trash Fired not considered
® Land use (incremental for renewable in most of
energy production) is small. California due to emissions

€ GEOTHERMAL

A geothermal facility converts heat that originates within the earth into
electric power. Most geothermal facilities use water to carry the heat to the
process and are called hydro-thermal.

& SCE’s Renewable Portfolio — Geothermal (955 MW)
» Uses heat stored beneath the Earth’s surface
* Plant sizes: 20 MW - 300 MW and can be modular

 SCE procures the most geothermal energy in California
- Currently 63 plants in California; SCE purchases 60%

* Geothermal locations serving SCE
- Owens Valley
- Imperial Valley
- Napa Valley
- Central Nevada
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@ FLASH CYCLE

€BINARY CYCLE

&HYDRO

A small hydro facility collects or diverts the water of a water course by
means of a dam, channel, or pipeline The potential and / or kinetic energy in
the water is converted into electric energy.
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@ SCE’s Renewable Portfolio Small Hydro (200 MW)
» Storage Hydro (Reservoir)

- Water from a reservoir or lake is channeled through pipes and delivered to
a turbine at lower elevation, which spins a generator and produces
electricity

* Run of River
- All or part of the flow from a water source is captured
- Springs or streams
- Pressure Reducing Stations
- Recover energy from pressure in fluid piping
- Often Municipal water systems

€ SOLAR
A solar facility captures the sun's energy and converts that energy into
electric power.

1. Solar-thermal - sunlight is concentrated using mirrors and directed to a
heat-absorbing surface, heating fluid to drive a turbine or engine.

2. Photovoltaic - sunlight is directly converted into electricity by causing
silicon cells to generate a direct current.

&€ SCE’s Renewable Portfolio - Solar Power (356 MW)

* Solar Thermal
- Converts heat into electricity

* Photovoltaic
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- Converts solar radiation
directly into electricity

* Developing technologies
- Stirling dish
- Concentrating photovoltaic
- Power Tower
» Correlates well with customer demand
* Expensive

* SCE has 10 on-line projects

€12 KW PV System Santa Rosa
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& Parabolic Trough

& Power Tower

€ OCEAN WAVE AND TIDE

Wave and tide power is the process of capturing the motion of ocean
water on the surface (wave) or below surface (tide) and converting it into
electricity.
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€ OCEAN WAVE and TIDAL FEATURES

ADVANTAGES DISADVANTAGES
® Fully Renewable ® Location specific
® Navigation and recreational Impact
® Near Load Centers ® Environmental sensitivity of costal areas
o ® Visual impacts
¢ No Emissions ® Not commercially demonstrated
[ J

Harsh environment (corrosion, storms)

4 WIND

A wind facility captures energy in the wind and converts it into electric
power by turning a generator.

& SCE’s Renewable Portfolio — Wind (1,137 MW)
* Requires steady wind patterns to produce power effectively

* Wind in western California tends to produce more during the late night
when demand is lower, and produce less energy during the daytime when
demand is highest

» SCE has 60 on-line projects in 2 general areas:
- San Gorgonio (Palm Springs)
- Tehachapi (Mojave Desert)
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€ U.S. —On-shore Wind Power Potential*

Note that SCE is only in a Moderate Resource Area.

B 13,000 — 89,000 aM'W
[ 1,000 - 6,500 aMW
1 400 — 1,000 aMW

Note: Assumes 50 m rotor height,
Class 3-6 resource, and 10-miles to
133kV or higher transmission; aMW
is average MW of a 100% capacity
factor resource

Sourze: Parsons et al. 1884, "U.S. Wind Reserves Accessible to Transmission Lines." National Renewshle Energy Laboratory.
Based on earlier work by PRML

Large Windpark
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&€ Generation Characteristics
» Generates electricity when the wind blows.
* Does not generate when the wind is not blowing or is blowing too hard.

* Turbines don’t generate well when the blades are dirty.

& Clean and dirty Power curves

NMA Density Corrected Power {Warranted Power) Prevailing 295 thru 335 WTG 11411
July 1 thru July 8 Period 99

900
950
800
;gg _l' LI ITTIIE.
650 "
£ 600 n
£ 550
o
G 500
2 450 b
£ 400
o 350
g s00
250
200
150 i
100
50
A o |
0 5 10 15 20 25 30
NMA WS Corrected

| + NMA Density Power = Warranted Power ‘

Monitoring Can Cut Losses
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€ WIND FEATURES

ADVANTAGES DISADVANTAGES

Intermittent must be supported by
dispatchable backup sources
Profile varies with location

High land use

Bird impact concerns

Visual objections

Aviation impacts

Resource highly location specific
Unacceptable in urban setting
Blade throw risk

® Undepletable resource

® Low cost among renewables
® Some land co-use possible
® Short construction time

® Can be built offshore

& Renewable Energy Operation Compared to Customer Needs

Renewable Deliveries
Average Operating Profile

2006-2007
Represents SCE customer
T needs over a 24 hour period.
and Biomass .
operate e e Biomass
consistenthy - o S
- -
through the " N Geothermal
day. e 2 — Y
. L]
Hydro is ¢ M
seasonal 5 % Hydro
. -~ -

Wind i i
generates = Solar
mare inthe —_—
evenings —— :

g Wind
operates most
closely o our = = =Customer
customers Demand
usage

12 3 4 5 6 T 8 9 10 11 12 13 14 15 1B 17 18 19 20 1 22 23 24

Hour
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@ QF Technology Costs  (Cents/kWh)

Average Direct Price Paid 2009 Year End
®Biomass 9.2
® Cogeneration 6.1
® Hydro 6.6
® Geothermal 7.8
®Solar 14.5
®\Vind 6.5

& Additional Information on Renewables

» SCE website
—wWww.sce.com/renewables

« California Public Utilities Commission (CPUC)
—www.cpuc.ca.gov/PUC/energy/electric/RenewableEnerqgy

* California Energy Commission (CEC)
—WWwWWw.energy.ca.gov/renewables

« Database of State Incentives for Renewables and Efficiency (DSIRE)
—www.dsireusa.org

@ Visit www.sce.com/renewables

GREENING THE GRID

ORKS: HYDROPOWER *

Lo
: P

[EA B
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Per Capita Electricity Use in California and the US

& Rulemaking Process
* Legislature grants authority to adopt regulations to State agency
* Preliminary activities: special considerations, R&D, fiscal impact, workshop

* Notice of proposed rulemaking (NPRM), initial statement of reasons (staff
report), text of regulations

* Publishes and issues notice (45-day comment period)
e Public hearing

« Substantial and sufficiently related changes, agency mails notice of proposed
changes (15-day comment period)

* Final statement of reasons (FSOR), summary & response to comments

» Agency adopts regulation

— o

Research

_— |

issi Staff Board
ET;?;; By | Froposal | Y A;?):otion
.

Planning

@ Staff Report
 Background/Definition
* Public process

* Emission inventory
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» Technological feasibility
» Cost Effectiveness

 Environmental and economic impact

€ How You Can Get Involved
* Applicability of the Renewable Electricity Standard
* RES Eligible Resources

* RES Compliance
- This could include the use of renewable energy credits (RECs) to
meet compliance targets, and the use of a megawatt-hour (MWh)
metric to quantify greenhouse gas benefits
- Compliance Schedule

& Research
* Technical Feasibility Analysis
» Economic Analysis

» Environmental Analysis

& Case Study: Rulemaking for Off-Road Engine/Vehicle
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&Why is Off-Road Important?
* Population and usage are increasing
« HC and NOx are comparable to:
» Passenger Vehicles
* Trucks and Buses

* PM Emissions are greater than those from Passenger Vehicles and Trucks
and Buses combined

* Necessary for ozone compliance (SIP)

& Statewide Emissions (Tons/Day: HC+NOX)

32%
20%
39% 40%
Pass Cars
3 Trucks/Buses
gt B Off-Road
48%
1995 2010

@ Statewide Mobile Source ROG Emissions

893 Tons Per Day

15% Trucks/Buses

7% Planes,
Trains, Ships

15%
Recreational
Marine/Vehicles

16% Other Off-Road
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@ Statewide Mobile Source NOx Emissions

-

2207 Tons Per Day

33% Trucks/Buses
27% Planes,

Trains, Ships
2% Recreational
Marine/Vehicles

18% Cars/Pickups 20% Other

Off-Road

@ Statewide Mobile Source PM Emissions

’
143 Tons Per Day

31% Planes,
Trains, Ships

13%
Trucks/Buses

9% Recreational
Marine/Vehicles

23% Cars/Pickups
24% Other Off-Road

Performance Based Standards vs. Design Based Standards

&Why is Off-Road So Dirty?

* Previously, No Real Incentives or Requirements for Clean Engines
- 1st Regs Implemented in 1995
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* No Real Customer Demand for New Technology or Newer Models

* \ery Old Technology
- Carburetion
- Use Fuel for Cooling
- Abundance of 2-Stroke Engines

€ Off-Road vs. On-Road

|

b
;
!
:
%
0 ) SO0 000G o)

36.6 Grams / Mile HC
0.202 Grams / Mile HC

One 1997 Off-Road 2-st = 18711997 PC

@ Certification Process Flowchart

Manufacturer
Submits Letter of
Intent

Manufacturer
Submits Complete
Application

v

ARB Reviews
Pt e o i . _
Info. From Manufacturer Apleiltnlzes pnitofsinays
Completeness

)

to Manufacturer

ARB Notifies ARB Evaluates _

Manufacturer Application M EHIDErE
¢ Yes

ARB Mails EQ ARB Issues

Executive Order
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& Requirements and Compliance Mechanism
* Label Requirements
* Averaging, Banking, Trading Program (ABT)
* Emissions Warranty
* Production Line Testing (PLT)
» ew Vehicle/Engine Compliance Testing
 mission-related Defect Reporting

* ecall
9 Cost Effectiveness of Major Regulations
8
¢ Hand Cleaner
7
-@, o-Acrosol Adhesives
g On-Road Motorcycles ¢ Ind. Maint. Coatings
o ¢
s EVR
8_ Carpet Cleaner ¢
2
= 4
© @ Inboard Sterndrive
@ PW.C/Quthoard
& RFG2
2
0.25HC LDV

1 . & Lo M Y 1 l OEE. l LI

v Z U OURCTTTOVUTT A4 byllIC | |

¢ 0.4NoxLDV @ ® LEV  ¢Off-Road Diese) Medium ?ruck

0 e5gHDD  OBDlg 4-stroke Lamn @ Off-Road Motorcycle 2.4 HDDE

1085 1987 1989 1991  1993ad HEBng Y497 1999 2001 2003 2005

& \Writing Policies and Procedures

* Clear, concise, and current policies and procedures save time and money,
reduce confusion and liability, and stabilize staff action despite turnover

» Write rules and directions that people can understand and use/enforce

« Learn to think through policies, procedures more effectively, and write them
in a more readable style
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€ Conclusion

» The increasingly stringent regulations to control greenhouse gas emissions,
the subsequent high levels of regulation-driven R&D and capital investment
make competition based on environmental performance relevant to business
practice

» Because regulatory compliance is so critical to off-road engine and
equipment manufacturers, the companies or developers are more likely to
include environmental concerns as part of their overall corporate planning
and strategy
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Clean Truck Program

Eddy Huang, Ph.D.!

ABSTRACT

With a vision for sustainable transportation and a cleaner environment,
reducing adverse impacts of diesel emissions from truck-related activities is
critical to improve public health. Tetra Tech has designed and implemented the
world’s largest and most successful clean truck programs since July 2008.

Managing both the technical and administrative elements, Tetra Tech has
been responsible for overseeing Port of Long Beach and the Port of Los Angeles
Clean Truck Program (CTP). The centerpiece of the Clean Trucks Program was
a progressive ban to phase out the oldest, highest-polluting trucks in favor of
trucks that meet tough 2007 federal emission standards. When fully implemented
in 2012, all trucks must be 2007 EPA-compliant to enter Port terminals. As of
August 2011 there are over 10,000 2007 EPA-compliant Clean Trucks operating
at the Ports. Progress includes 97% Clean Truck Cargo Gate Moves in each
Port, nearly 1,000 CNG/LNG vehicles operating in both ports, and 80%
reduction in diesel particulate matter goal already reached.

The Port Authority of New York and New Jersey (PANYNJ) also
contracted Tetra Tech to administer the Regional Truck Replacement Program
(TRP). The TRP aims to replace older port drayage trucks with Model Year
2004 and newer trucks. Tetra Tech provides program oversight; acts as the
interface between the Port Authority and Program stakeholders; provides
technical support; manages the grant application process and on-port support
facility; review and approval of applications; stakeholder coordination; program
education; marketing and outreach; and reporting and monitoring to the Port
Authority.

LAir Quality Director Tetra Tech, Inc.
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The New York City Department of Transportation recently tasked Tetra
Tech to design, implement, and monitor the Hunts Point Clean Truck Program.
This program will fund up to 80% cost differential of a new truck under a
Replacement project, and 100% of the purchase price and installation of a
verified retrofit device under a Retrofit project. In addition to clean diesel
engines, new focus will be on alternative fuels including CNG trucks, hybrid
electric trucks, and battery- electric trucks.

Due to the continued success of Clean Truck Program, Ports of Los
Angeles and the Port of Long Beach Port have won many awards including
USEPA Clean Air Award, USEPA Environmental Justice Award, and AAPA
Communication Awards.

@ PRESENTATION OVERVIEW
* Clean Air Challenges
* Clean Truck Program (CTP)
» CTP Progress Made
* Innovation/Opportunity
» CTP Actions/Plans
* Discussion

€@ CTP GOALS
 Promote Sustainable Goods Movement
* Improve Air Quality and Public Health
 Promote Environmental Justice
* Deploy Advanced Vehicle Technologies/Fuels
* Achieve Fuel Efficiency and Idle Reduction
* Attract Grant Incentives and Opportunities
* Advance Public-Private Partnerships

€ CTP CHALLENGES

* Frequency - 100,000 Truck Trips/Wk
— Traversing Local Streets

* Diverse Fleet of Diesel Trucks
— HD (Class 7-8) Trucks, Specialized Body Vehicles (reefer unit)
— Many Pre-2003 Models
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 Adverse Impacts
— Traffic Congestion
— Public Health from diesel emission/DPM
— Air Quality

» Complex Stakeholder Dynamics
* Sensitive Environmental Justice Community

& CTP KEY ELEMENTS
* Truck Fleet Analysis (Engine Model Year)
 Concession and Registration Requirements
» Marketing, and Outreach
* Progressive Truck Bans
» Sticker Program
* Radio Frequency ldentification (RFID)
» Electronic Gate Access

@ CTPKEY ELEMENTS (CONT.)
* Drayage Truck Registry (DTR)
* Day Pass for Out of State Truckers
* Clean Truck Fee (CTF)
* Annual Truck Fee (ATF)
* Help Desk/Call Center
» Emissions Data Analysis
* Retrofit Equipment Verification

€& POLA/POLB PHASE OUT DATES
 October 1, 2008: Banned all pre-1989 trucks
 January 1, 2010: Banned 1989-1993 trucks and 1994-2003 trucks without
retrofit
e January 1, 2012: Ban trucks not meeting the 2007 Federal Clean Truck
Emissions Standards
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€@ EDUCATION AND OUTREACH
» Customize Outreach Plan
* Develop Interface with Trucking Industry and Stakeholders
 Conduct Training Workshops and Events
* Leverage Relationships with Community
* “One Stop Shop” for Information, Application Initiation, and View Clean
Truck

@ NON-CONTAINER TERMINAL

PORTS OF LONG BEACH AN

m! IR}

Port of
LONG BEACH
The Green Port -

T1-XxXX

License Plate Valid on

VP42582 03/31/2011

ord 16912
Issued 03/31/2011
LMC Discount Heavy Haul
DoT 1571669
Non Contalner Terminal City SANTEE
State CA
Contact Christina Kelly
Phone 619-562-2412
~ ' The Port of Email discountheavyhaul@yahoo.com
LONG BEACH Truck VN 1FUJABCKE6LVO6501
Model year 2006
T"E POR'I’ i Amount paid  $30.00
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€ INNOVATION AND ENHANCEMENT
» Automatic Vehicle Locator (AVL) and Geofence
* Innovative Financial Incentive Program
 Terminal Access Center (TAC)
* Retrofit Screening
* Truck Move Data Analysis

@ AVL DATA ANALYSIS

AVL analysis can be performed to improve the program and assist
funding agencies
* Verify mileage and emissions reductions
* Fleet fuel economy
* \ehicle speed by zones
* Trip distances

EJ =il s I P SE2 i [ "
‘ = S i e §
== | BE i &

@ RETROFIT SCREENING
* Retrofits are not a one-size-fits-all technology
» Multiple retrofit devices may be needed
* Tailor retrofit options to program goals
* PM Reduction Greater than 85% (Level 3)
* NOx Reduction At least 25%
* Participant education/responsibility is key
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@ RETROFIT EMISSIONS REDUCTION

Comparison of Typical PM Reductions by Verified* Retrofit Device Level

W) Eritted O Eliminated
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€ CTPPROGRESS

Clean Trucks Operating in Ports:

 >10,000 Clean Trucks in PDTR

* 97% Clean Truck Cargo Gate Moves in Each Port

* 80% Reduction in Diesel Particulate Matter Goal Already Reached

& Truck Ban Accomplishments:
* 90% of Pre-program Fleet Removed by October 1, 2008 and January 1, 2010
Truck Bans

@ CTP PROGRESS (Continued)

Average Year of Trucks Operating in the Ports:
* 1995 in 2008
* 2007 in 2011
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€ Commitment to Alternative Fueled Vehicles
* Nearly 1,000 CNG/LNG vehicles operating in ports
* Pilot studies for other potential alternative fueled vehicles (e.g. electric)

@ PANYNJ TRP REQUIREMENTS
* Original TRP Engine must be < 1993 or older
» Modified TRP Engine must be 1994 - 2003
« Visiting marine terminal facilities in N'Y/NJ within the past year
(approximately 200 visits)
* Truck must be Model Year 2004 to 2008
 Equipped with an AVL
 Engine must be 2004 to 2007 EPA emissions-compliant

€& PANYNJ TRUCK PHASE OUT DATES
 January 1, 2011 — Engines Model Year 1993 and older will no longer be
permitted access and all drayage trucks must be registered in the DTR.
* January 1, 2017 - All port drayage trucks must meet 2007 federal emission
standards.

€ TRP VOLUNTARY STICKERS
* For each truck registered in the DTR, two (2) copies of a colored sticker will
be issued.
* Blue Stickers:  Trucks with Model Year 1994 to 2006 engines
* Green Stickers:  Trucks with Model Year 2007 and newer engines
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®NYCDOT CTP
 Hunts Point Cooperative Market
* New York City Produce Terminal Market
« Fulton Fish Market

o o

329 - Acres of Land -
20,000 Truck Trips per Week

+ $5 Billion Annual Revenues.

9,000 New York Jobs .

30 Million  Benefit from Distribution

500. New Clean Trucks.

O KEY PROGRAM CHALLENGES
» Diverse Fleet of Diesel Trucks and Stakeholders

 DOT Classes 3 — 8 Trucks (62% are Classes 3 — 6), Specialized Body
Vehicles (reefer unit), leased vs. owned vehicles, etc.
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» Many Pre-2003 Models

» Matrix of Adverse Impacts to Address

* Air Quality, Congestion, Public Health and Safety
» Complex Stakeholder Dynamics

« Sensitive and Environmental Justice Community
o Large Menu of Alternative Fuel Types

@ KEY PROGRAM ELEMENTS
* Eligibility
- Awards issued “first come, first served”
- Limit of 20 awards per participant, per year

» Criteria for Existing Vehicles
- Class 3 to Class 8 trucks with a history of access
- Replacements — trucks with 1993 or older engines
- Retrofits — trucks with 1994 — 2006 engines

* New (Lower-Emitting) Vehicles / Equipment
- Replacements — must meet 2007 EPA standards, may include hybrids

(HEVs), NGVs, or EVs
- Retrofits — must be EPA and/or CARB verified

@O KEY PROGRAM FUNDING

* Replacements
- Up to 80% of the incremental cost for alternative fuel systems
- Award amounts may be weighted by matrix of benefits (emissions, GHG
reductions, petroleum reductions, etc)

* Retrofits
- 100% of purchase and installation costs
- Program design to include further recommendations (e.qg., types, limitations
on what can be funded)

@ CTPACHIEVEMENTS AND AWARDS
2008 USEPA Clean Air Award
2009 USEPA Environmental Justice Award
2010 IANA Intermodal Achievement Award
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» 2010 AAPA Communication Awards

» Banned 90% Older Trucks, 97% of Cargo Gate Moves Meets USEPA 2007
Emission Standards

 Achieved 80% Pollution Reduction
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Innovative Climate Initiatives and Technology
Advancement Program

Eddy Huang, Ph.D'

ABSTRACT

Confronting the threat of global climate change is a challenge that will
reorder priorities for decades to come. It will require a long-term vision and the
discipline to make critical public and private investments in renewable energy,
infrastructure, and environmental technology. Reducing carbon footprint will bring
multiple environmental benefits, with cleaner air, better public health, and more
open space.

This presentation covers key elements of innovative climate initiatives. As
an integral component to greenhouse gas emission reduction measures, Technology
Advancement Program (TAP) aims to encourage technology innovation,
demonstrate effectiveness of new technologies, accelerate commercial availability of
new technologies, improve emissions reductions, and provide more options for
meeting the goals. Currently implemented TAP projects include Advanced Marine
Emission Control System, Krystallon OGV Scrubber, Vycon REGEN System, Eco
Crane, EcoEnergy Solutions Emulsified B20, Balqon Electric Terminal Tractor and
On-Road Truck, Westport LNG Engine, and Vision Hydrogen Fuel Cell/Electric
Hybrid HDVs.

Several ongoing climate change initiatives will be highlighted. Strategies
moving towards zero emissions and new technologies for “Zero Emission Container
Mover Systems” will be discussed in this presentation.

! Air Quality Director Tetra Tech, Inc
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& Integrating Climate Initiatives Challenge

* Progression of Focus on Air Pollutants
- Late 1980°s-1990°s — Mass Emission Reduction (Ozone)
- Late 1990°s-2000’s — Reduction of Health Risk (DPM)
- Mid 2000’s — Climate Change (GHGs)

* Challenge — How to Address All Pollutants in an Integrated Approach

@ Building an Integrated Approach
* Detailed Inventories
* Determining Baseline
* Forecasting
* Developing Strategies
» Comprehensive Tracking/Monitoring

€ Port Related GHG Emission Sources
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@ Scopes of Port GHG Emission Sources
* Scope 1 includes Port municipal operational emissions
* Scope 2 includes emissions associated with Port municipal energy consumption
* Scope 3 primarily includes tenant operations and energy consumption related
emissions

€ Port GHG Emission Contributions

B Por's Municipal Statonary &
Mobile Sources

m Ports' Municipal Electreity
Impores

o Harbor Craft

B Rail Locomotives

B Por's Other Sources

B Cargo Handling Equipment

mQcean Going Vessels

B Heavy-Duty Vehicles

€ GHG Emissions Reduction Approach
* Mobile Sources
* Electric Cargo Conveyance Systems
* Electric Terminal Equipment
* Hybrid Electric Tugs
* Operational Efficiency Improvements
* Power Generation/Purchase
* Solar Power Generation
* Wind Power Generation
* Renewable Energy Purchase

& Technology Advancement Program £ #7 3 v
* Key to the ports’ GHG Reduction
* Goals of Technology Advancement Program (TAP)
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* Encourage technology innovation

* Demonstrate effectiveness of new technologies
* Accelerate commercial availability

* Improve emissions reductions

& Technology Demonstration
* Alternative Marine Power/Cold Ironing
* Hybrid Electric
* Electric Drayage Truck
* Flywheel Technology
* Electric RTGs
* Hybrid Tug Boat

& Technology Demonstration (Cont.)
* Hybrid Yard Hostler
* Electric Yard Hostler
* LNG Yard Hostler
* Vycon REGEN System
* EcoEnergy Solutions Emulsified B20

& Alternative Marine Power/Cold Ironing

ALTERNATIVE
MARITIME POWER | &
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@ Hybrid Electric Truck Technologies

Technology Solutions

ArvinMeritor ((TM_;" . ’ for Poris Vehicles

Dual Mode Operating Principle

Fundamentally, the system is designed to operate as a series hybrid in
start-stop driving and during launch with a transition to parallel at
highway speeds

Series Mode (<50 MPH) Parallel Mode (=50 MPH)

No Mechanical Connection Engaged Mechanical Connection
Engine speed and load are Engine speed is driven based on
decoupled from driveline speed, driveline speed and gear ratios in
engine may or may not be operating the hybrid drive unit

depending on battery SOC

@Electric Drayage Truck Program
* Emission Free & Quiet
* Drayage Trips Between Port & Rail Yards
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& Charging Station Concept

g2 01—
200 | \
292 -
H—."“ 202b

=

@Electric Yard Tractor Program
* Emission Free & Quiet
* Drayage Trips Between Port & Rail Yards

* On Terminal Yard Tractor Replacement

@ Hybrid Assist Tug Boat
* Smaller Engines & 1 MW of Battery Power
* ~30% Reduction in GHGs
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@ Foss Maritime Diesel/Electric Tug Boat Foss
+ 1" hybrid technology in a tug boat
* Delivered January 23, 2009
* Equipped with diesel-electric hybrid engine

* Anticipated benefits:
- Over 70% of engine time saved!
- 20 — 30% fuel savings
- 44% reduction of oxides of nitrogen and particulate matter

5-7
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@ Flywheel and Electric RTGs

Flywheel System for Rubber Tired Gantry Crane
* Recovers Energy from Lowering Container

* Reduces GHGs by 30%

* Vycon Bolt-On System

* Electric RTGs

@ Hybrid Yard Hostler
* Hybrid yard hostler project developed by POLB
* Develop and demonstrate performance of hybrid technology in yard hostler
application
* Anticipated benefits:
- 93% NOx and PM emissions reductions
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@ LNG Yard Hostler
* First application of LNG in cargo handling equipment
* Demonstrated in both POLB and POLA terminals
* Performance Evaluation Study

* Results:
- Good operational performance
- DPM reductions

5-9
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€ \Vycon REGEN System
* Flywheel energy storage system

* Installed on Rubber Tired Gantry Cranes (RTGs)
* CARB verification achieved

* Benefits:
- Verified as Level 1 technology
- 25% PM reductions
- 30% NOx reductions
- 30% CO2 reductions
- 35% fuel savings

@ EcoEnergy Solutions Emulsified B20
* Low water (8-10%) content emulsification blended with 20% biodiesel
* Elimination of NOx increase associated with biodiesel

* Anticipated benefits:
-57% PM
- 8-10% NOx
- 12.6% CO2

5-
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@ Balqgon Electric Terminal Tractor and On-Road Truck
* Development of a prototype low-speed full-electric on-road truck and terminal
yard tractor
* Potential future option for short-haul drayage/intermodal

* Anticipated benefits:
—Nearly 100% emission reductions

€ Westport LNG Engine
* Development of LNG Heavy Duty Truck
* Early compliance with the 2010 Emission Standard

* Benefits:
- NOx emissions reduced by 0.45 tpy
- GHG emissions reduced by 15-20%

5-
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€ SoCalGas CNG Port Truck
* Compressed Natural Gas Class 8 tractor truck
* Equipped with Cummings ISL G engine
* Meets CARB 2010 NOx standards of 0.2 g/bhp-hr
» Launch Date: Dec. 2, 2008

* Emission reductions:
- 83% reduction in NOx

€ GHG Reduction Phased-in Approach

Life-cycle CO,e (metric tons)

_ ZECMS
0 — electric fraction

! T
2012 3014

1 T T
2016 b
2018 2020 Lgpp | \ ‘

1

1
2024 5056 zc;zs ————
I

2030 L5, \
2034

€ Zero Emission Initiatives
* Joint Board Meeting July 11, 2011.
- Cargo Handling Equipment
- Trucks
- Rail
* Proof of Concept
* Operation Demonstrations

& Vision Hydrogen Fuel Cell/Electric Hybrid HDV

» Two truck project:
- 18-month demonstration of the TYRANOA4 Class 8 Drayage Truck at TTSI and
the ZETT at Cal Cartage Express

5-
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* Anticipated benefits:
- Zero emissions

& Zero Emission Cargo Moving Systems

[rr—

€ Conclusion
* Reducing carbon footprint is everyone’s responsibility.
* Crisis means “Dangerous Opportunities”.
* Every little bit of GHG emission reduction helps.
* Let’s work together for a cleaner earth.

5-
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Electrification and Hybrid Solutions for Cargo
Handling Equipment

Hung-Li Chang, Ph.D.
ABSTRACT

Electric Truck Demonstration Project

Fact SheetOverview

In 2007, the Port of Los Angeles and South Coast Air Quality
Management District(SCAQMD) partnered to fund the prototype of the world’s most
powerful short-range heavydutyelectric truck from Santa Ana-based Balgon
Corporation. The agencies split the$527,000 investment to demonstrate a
heavy-duty truck capable of hauling a fully loaded40-foot cargo container.

The heavy-duty, all-electric truck now being tested at the Port of Los
Angeles is a zeroemissions workhorse that could be a precursor to future
short-range port and cargo terminal drayage operations worldwide. To advance
this vision, the Port will place the first significant production order of these
trucks with Balgon Corporation, to take delivery of 20 electric container terminal
tractors, or “hostlers,” and five on-road electric drayage trucks over the next 12
months.

The Baqon electric truck initiative augments the ongoing green
technology efforts under the Technology Advancement Program, a component of
the San Pedro Bay Ports Clean Air Action Plan (CAAP) approved by the ports of
L.A. and Long Beach in November 2006. The ports are committing $15 million
over five years to fund the TAP. The mission of the TAP is to accelerate the
verification or commercial availability of new, clean technologies through
evaluation and demonstration to move towards an emissions-free port.

1. Emission Research and Regulatory Development Branch Cal/EPA Air Resources Board
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Performance

>Maximum speed: 40 mph

>Maximum range (empty): 60 miles/full charge
oMaximum Range (fully loaded): 30 miles/full charge

Charging Specs

¢Charging Time (60% charge): 1 hour

¢Charging Time (100% charge): 3-4 hours

oPrice per truck: $189,950 (yard hostler model); $208,500 (on-road model)
oPrice of charger: $75,000, can charge 4 vehicles simultaneously

oCharger Connection: existing 440v system (total output 80kw)

Reduced Energy Consumption and Costs

Electric Truck Diesel Truck with 5 miles-per-gallon*
2 kilowatt hours of energy electrical equivalent of 8 kilowatt hours
units per mile of energy units per mile
Operation cost: 20 cents per The third phase of this program will be
mile the production of five on-road electric

* The above energy consumption and energy cost comparisons are based on a
100% duty cycle, which diminishes in the diesel truck when the truck is idling.
A common 50/50 duty cycle in a diesel truck, reflecting 50 percent idling time,
would increase the diesel truck’s cost per kilowatt hour from .90 to $1.80.

Emissions Reduction Potential

An overall calculation of net emissions reductions still needs to be
performed in order to take into account the emissions created in the generation of
electric power used to charge the truck’s batteries. However, based on the
average emissions generated by the existing fleet of drayage trucks that serve the
San Pedro Bay ports, Port of Los Angeles staff estimated the average pollution
discharge generated by the estimated 1.2 million truck trips that occurred in 2006
between the ports and a local near-dock rail yard (the Inter modal Container
Transfer Facility or ICTF). If those 1.2 million truck trips were to be made with
zero emission electric trucks, an estimated 35,605.6 tons of tailpipe emissions
would be eliminated in the following manners:
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21.8 tons per year of Diesel Particulate Matter (DPM)

427.7 tons per year of localized Nitrogen Oxide (NOx) emissions
168.5 tons per year of Carbon (CO)

34,987.6 tons per year of Carbon Dioxide (CO2)

= 35,605.6 tons/year emissions

Backqground

The truck began initial testing at the Port in January 2008. Daily testing was
recorded electronically as the truck was tested for speed, range, payload and
charging capabilities.

Energy-management and operational characteristics of this vehicle are
micro processor and software controlled using state-of-the-art technology applied
from the hybrid and electric vehicle industry. During the testing, software
changes were made to improve vehicle energy efficiency (conversion of electric
energy to mechanical energy) by more than 20%.

Before on-road testing, the truck will be tested at a Port of L.A. container
terminal as an emissions-free “yard hostler.” Fleets of hundreds of hostlers
throughout the port complex —mostly diesel but some LNG test units -- move
thousands of containers daily between the docks and terminal backland, and
could potentially be replaced with electric vehicles.

While the truck tests in terminal operations are underway, the Los Angeles
Harbor Commission in April approved a production order of 20 electric hostlers.
Production will begin after the successful completion of the cargo terminal tests.
In the third phase of the Port’s program these 20 units will be deployed as part of
a “green terminal” program at the Port of Los Angeles (terminal operator to be
selected). The hostlers are expected to cost$189,950 per unit.

The third phase of this program will be the production of five on-road
electric trucks. The on-road heavy-duty electric truck is expected to cost
approximately $208,500 per unit and will require the Port and manufacturer
Balgon Corporation to work together with the Department of Transportation to
obtain appropriate certification of the vehicle to be used on road.
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L.A.’s Vision for the Heavy Duty Electric Truck

All-electric drayage trucks could substantially reduce the emissions
generated by an estimated two million or more very short-haul truck trips that
occur each year between the port complex and local rail and warehouse facilities.
Today, containers are hauled to and from the San Pedro Bay Ports by an aging
fleet of diesel trucks that generate a substantial amount of emissions. Beyond the
health impacts of smoke-belching drayage trucks, noise generated by trucks
idling or driving near and through harbor-adjacent communities is also a
nuisance to our communities.

As a provision of the first order of trucks by the Port of Los Angeles,
Balqon Corporation has agreed to establish assembly plant operations at site
roughly three miles from the Port, in the City of Los Angeles. Upon start-up, this
operation will have approximately 30 “green collar” assembly line workers and a
total of 47 employees. The plant will provide a new source of jobs and
potentially millions of dollars in business revenue for the local area.

As one of the initial investors in the development of this technology (along
with SCAQMD), and the first entity to place a fleet order, the Port of Los
Angeles will be paid a royalty fee by Balgon Corporation for every unit that is
sold or leased to third-parties worldwide. These funds will be put back into our
Technology Advancement Program or other “zero emissions” initiatives that we
are exploring as part of the ground-breaking San Pedro Bay Ports Clean Air
Action Plan (CAAP) approved by the ports of L.A. and Long Beach in
November 2006.

Container volume at the San Pedro Bay port complex is expected to more
than double between now and 2020. To accommodate that growth, the San Pedro
Bay Ports Clean Air Action Plan outlines dozens of unprecedented air emissions
reduction measures. Clean fuels, electric power and other alternative fuel
applications are important components in the overall “green growth” strategy
being pursued at the San Pedro Bay Ports.

& Cargo Ha

? n|

ndling Equipment
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& Cargo Handling Equipment

“Cargo Handling Equipment” means any off-road, self-propelled
vehicle or equipment used at a port or intermodal rail yard to lift or move
container, bulk, or liquid cargo carried by ship, train, or another vehicle, or
used to perform maintenance and repair activities that are routinely scheduled
or that are due to predictable process upsets. Equipment includes, but is not
limited to, rubber- tired gantry cranes, yard trucks, top handlers, side handlers,
reach stackers, forklifts, loaders, aerial lifts, excavators, and dozers.

& Inventory
« Staff estimates there are about 4,400 mobile CHE vehicles at California’s
ports and intermodal rail yards in the updated 2006 baseline inventory.
» The most common type of CHE is a yard truck, comprising approximately
55 percent of all CHE in the 2006 baseline year

& Yard Trucks
* Yard trucks are also known as yard goats, utility tractor rigs, hustlers, yard
hostlers, and yard tractors
* Yard trucks are very similar to heavy-duty on-road truck tractors, but the
majority has historically been equipped with off-road engines.
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€ Key Requirements of CHE Regulation
* New Yard Trucks
- Equip with either a certified on-road engine meeting the current model year
standards or a certified final Tier 4 off-road diesel engine.
* In-Use Yard Trucks
- Meet BACT performance standards primarily through accelerated turnover
of older yard trucks to those equipped with cleaner, certified on-road or
off-road engines

€ Key Requirements of CHE Regulation
* New Non-Yard Truck Equipment
- Equip with a certified on-road engine meeting the current model year
standards or certified Tier 4 off-road diesel engine
- If neither is available, the engine must be certified to the highest level
off-road diesel engine standards and the highest level available verified
diesel emission control strategy (VDECS) must be installed within one year
or within six months of the VDECS becoming available, whichever is later
* In-Use Non-yard Truck Equipment
- Equipment are required to meet BACT, which includes replacement to
cleaner on-road or off-road engines and/or the use of retrofits
- For owners/operators that elect to use retrofits, a second compliance step,
which would require replacement to Tier 4 off-road engines or installation
of a Level 3 VDECS (85 percent diesel PM reduction), may be required,
depending on the equipment category and level of VDECS applied

& Compliance Schedule

» Compliance with the regulation is phased in beginning in 2007 based on the
age of the engine, whether or not it is equipped with VDECS, and the size of
the fleets

» Compliance date for the in-use performance standards can be extended if:
- an engine is within one year of retirement
- no VDECS are available for non-yard truck equipment
- an experimental diesel PM emission control strategy is used for non-yard

truck equipment

- there are delivery delays
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& Recordkeeping
» Owners/operators are required to maintain records for all CHE
 Submit a compliance plan

* Perform annual reporting

@ Retrofit

* Retrofit (after treatment) technologies can reduce emissions by adding a new,
cleaner technology to an older system. Technologies available for cargo
handling equipment include Selective Catalytic Reduction (SCR), Diesel
Particulate Filter (DPF), CCV Closed Crankcase Ventilation (CCF), Exhaust
Gas Recirculation (EGR), and Diesel Oxidation Catalyst (DOC)

* These devices do not improve fuel economy, but can be cost-effective means
of reducing impacts on port workers, neighbors and ambient air quality

& Repair, Rebuild, Repower

It can be cost-effective to replace, rebuild, or repower a piece of cargo
handling equipment rather than replace it

* Repowering means modifying or replace an existing engine with a cleaner,
more efficient technology of the same type, or with an alternative-fuel
engine

* Rebuilding an engine involves taking it apart, cleaning and adjusting
components, and replacing/upgrading components to new standards

* Rebuilding an engine can significantly lower emissions and can be cost
effective for equipment that is costly to replace.

* Properly maintaining and repairing engines can save fuel, reduce emissions
and extend engine life.

@ Hybrid or Electric Straddle Carrier

» Straddle carriers can be run as hybrid diesel/electrics or purely on electricity,
both of which save fuel and reduce emissions in port areas
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& Hybrid or Electric Forklift
 Electric and hybrid forklifts transport goods quickly and reduce worker
exposure to emissions from fuel combustion. Hybrids can save fuel
* Many terminals use electric forklifts; suitability of any type/make/model is
dictated by terminal operations rather than ports

@ Hybrid or Electric Reach Stacker
 Reach stackers move incoming, dwelling and outgoing cargo around ports.
Electric and hybrid diesel/electric motors reduce emissions and allow for
cleaner-running machines
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@ Hybrid or Electric Yard Hostler/Tractor
» Hybrid and all-electric yard hostlers operate efficiently under stop & go
conditions and reduce on-dock emissions
* Long Beach Yard Hostlers: $300,000 from EPA matched by $900,000.
» LA yard hostlers: South Coast Air Quality Management District and Port of
LA contributed $527,000 for testing this technology

@ Hybrid or Electric Yard Hostler/Tractor
 Long Beach hybrid yard hostlers reduce NOx and PM by 93% (compared to
diesel-only yard hostlers)
» Kalmar Industries will integrate hybrid drive system into Ottawa 4x2 yard
tractor
* Port of LA: 20 electric yard hostlers, 5 electric short-haul drayage trucks
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@ Electric Yard Tractor
* Balgon Corporation stated that an electric yard hostler saves $.60-$1.60/mile
depending on the efficiency of the diesel-fueled vehicle it replaces
« At $190,000 to $210,000 per unit, electric yard trucks can cost
approximately three times what a diesel-fueled unit would cost, and about
twice what propane or natural gas —fueled units cost.

@ Hybrid or Electric Crane
» Both hybrid diesel-electric and all-electric cranes improve air quality and
save fuel. Hybrid motors capture and store energy generated by
deceleration and gravitational pull, and later provide it for acceleration and
hoisting.

|"J”'l| |j| i
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@ Hybrid or Electric Crane
* Railpower hybrid RTG crane: 70% fuel savings
 \lycon hybrid crane: 30% fuel savings
 Georgia Port Authority converted all ship-to-shore cranes to electricity for a
total of $4.7 million in 2003
* Grants:\Wycon Flywheel at POLA and POLB $8,000 from AQMD
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