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EXECUTIVE SUMMARY

This executive summary presents the Air Resources Board ( ARB or Board)

Technology Assessment for Mobile Cargo Handling Equipment.

Because of its geographical location and major ports and railways, California is a global
gateway for freight transport. Some of the largest ports in the world are located in
California, and with increases in trade and freight activity, ports, intermodal rail yards,
and warehouse distribution centers stand to experience major growth over the next two
decades. In 2006, prior to the Air Resources Board (ARB) implementation of the
Regulation for Mobile Cargo Handling Equipment at Ports and Intermodal Rail Yards
(CHE Regulation), ARB staff estimated that diesel-fueled cargo handling equipment
(CHE) engines operating at ports and intermodal rail yards resulted in approximately
0.54 tons per day (tpd) of diesel particulate matter (diesel PM) and 13.4 tpd of oxides of
nitrogen (NOy) emissions statewide (ARB, 2011). These facilities are often located in or
near densely populated areas and neighborhoods, exposing residents to unhealthy
levels of pollutants. The 2006 Diesel Particulate Matter Exposure Assessment Study for
the Ports of Los Angeles (POLA) and Long Beach (POLB) (ARB, 2006) identified CHE
as the third largest source of diesel PM at these two ports.

Consequentimglemenfatidd d the CHE Regulation, adopted in 2005, which
requires best available control technology (BACT) for both new and existing
diesel-fueled CHE at California ports and intermodal rail yards, has reduced CHE
emissions significantly. From 2006 to 2014, CHE diesel PM emissions at California
ports and intermodal rail yards have been reduced by 85 percent and NOy emissions by
68 percent. These reductions have been achieved as a result of intensive capital
investments in clean diesel-fueled equipment by terminal and rail operators.

CHE is also used at other locations throughout California, primarily warehouse
distributions centers. Equipment at non-port, non-intermodal rail yard locations is not
subject to the CHE Regulation. However, much of the equipment used at warehouse
distribution centers operates indoors, which precludes the use of diesel for this
equipment. The equipment used indoors is primarily electric and fuel cell electric, with
some propane-fueled equipment. Outdoor equipment at these facilities may be either
propane or diesel-fueled.

Presented below is an overview briefly describing the CHE sector, the technologies
assessed, and proposed next steps. For simplicity, the discussion is presented in
guestion-and-answer format using questions relevant to the sector and associated
technology assessment. It should be noted that this summary provides only brief
discussion on these topics. The reader is directed to subsequent chapters in the main
body of the report for more detailed information.
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1. What is mobile cargo handling equipment?

Mobile CHE is any mobile equipment used at ports, rail yards, and warehouse
distribution centers to either handle freight or to perform other on-site activities, such as
maintenance. Equipment that handles cargo containers includes yard trucks, top
handlers, side handlers, reach stackers, forklifts, and gantry cranes. Equipment that is
used to handle bulk material includes dozers, excavators, and loaders. Forklifts can be
used in either container or bulk handling operations. Forklifts and other types of lifts are
the primary type of CHE used at warehouse distribution centers, and may also be used
for on-site maintenance operations at any of the facilities. There are approximately
4600CHEat Cal i f oandintaracslal rpilojards.s An inventory of CHE at
warehouse distribution centers has not yet been developed.

2. Where is mobile CHE used?

Mobile CHE is used throughout California in almost all industries involved with the
transportation of freight. The most common use of CHE occurs at intermodal facilities,
including ports, rail yards, and warehouse distribution centers.

There are numerous ports in California that use mobile CHE, including Antioch, Benicia,
Crockett, Humboldt Bay, Hueneme, Long Beach, Los Angeles, Oakland, Pittsburg, Port
Chicago, Redwood City, Richmond, Sacramento, San Diego, San Francisco, and
Stockton. Most of the ports are controlled by port authorities, but several are
independently operated.

Two major railroad companies, BNSF Railway (BNSF) and Union Pacific Railroad (UP),
operate several intermodal rail yards in the state that use CHE, located in cities such as
Barstow, City of Industry, Commerce, Fresno, Lathrop, Long Beach, Los Angeles,
Oakland, Richmond, San Bernardino, and Stockton.

Warehouse distribution centers are located throughout California. Often these facilities
are located near other freight transportation facilities such as ports, intermodal rail
yards, and airports. Additionally these facilities are located near population centers
where there is a demand for goods.

3. What ARB regulations are CHE currently subject to?

Diesel-fueled CHE at California ports and intermodal rail yards is subject to the ARB
Regulation for Mobile Cargo Handling Equipment at Ports and Intermodal Rail Yards
(section 2479 of title 13, California Code of Regulations (CCR) article 8, chapter 9)
(CHE regulation).

The CHE regulation was adopted in 2005 to reduce the diesel PM health risk to

communi ties adjacent to CalifornThaGHE port s

regulation is applicable to any diesel-fueled mobile equipment used at California ports
and intermodal rail yards to either handle freight or bulk material or to perform other on-
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site activities, such as maintenance. The CHE regulation requires reporting, emission
reductions from in-use equipment, and includes new equipment requirements.

Diesel-fueled CHE not operating at California ports and intermodal rail yards are subject
to the ARB Regulation for In-Use Off-Road Diesel-Fueled Fleets (sections 2449,
2449.1, 2449.2, and 2449.3 of title 13 CCR, article 4.8, chapter 9) (In-Use Off-Road
regulation).

The In-Use Off-Road regulation was adopted in 2007 and is applicable to all
self-propelled off-road diesel-fueled fleets with vehicle engines rated at 25 horsepower
(hp) or greater operated in California. Personal use vehicles, vehicles used solely for
agriculture, and vehicles subject to the CHE regulation performance requirements are
exempt from the In-Use Off-Road regulation. The In-Use Off-Road regulation requires
reporting and fleet emission reductions, and includes new equipment requirements and
limits on idling.

Propane and gasoline f uel e dRoddHadge Spark Ignstionb j e c t
Engine Regulation (sections 2430, 2431, 2433, 2434, and 2438 of title 13 CCR, article
4.5, Chapter 9) (LSI regulation).

A R B &4 regulation, adopted in 2006, requires emissions reductions from existing LSI
fleets and prescribes verification procedures for LSI retrofit emissions control systems.
The LSI regulation also established more stringent NOy and hydrocarbon engine
certification standards.

4, What cargo handling equipment technologies were assessed?

ARB staff assessed a variety of alternative technologies including:

Hybrid (electric and hydraulic),

All electric (battery and grid source),

Alternative fuels (hydrogen (H,), compressed natural gas (CNG)/ liquefied natural
gas (LNG)),

Magnetic levitation,

Lower emission diesel engines (Tier 5),

Automated container handling operations,

Maintenance/reduced engine emissions deterioration.

= =4 =4

= =4 =4 9

5. What additional work or information is needed to refine or improve this
technology assessment?

The primary data gaps are related to incremental costs for these technologies and more
definitive emissions benefits for the individual technology applications. Additionally, a
statewide inventory of CHE at warehouse distributions centers must be developed to
determine the numbers and types of equipment in-use at these facilities. Warehouse
distribution center CHE inventory development is essential to evaluating the need for
and possible benefits from CHE emissions reduction strategies at these facilities.

ES-3



6. What are the main challenges to reducing emissions from cargo handling
equipment?

The main challenges to reducing emissions for CHE are assuring adequate investment
recovery time associated with actions taken to comply with current CHE regulation and
the availability of cost-effective next generation technologies. CHE at California ports
and rail yards employs the cleanest diesel-fueled technology available due to
compliance with the CHE Regulation. Consequently, further emission reductions
require technologies that also provide an economic benefit to the operators in order to
become cost-effective options. An additional challenge is adequately demonstrating
that alternative technology will provide the same durability, reliability, and quick shift to
shift turn around that diesel-fueled equipment has provided.

7. Which technologies show the most promise and what are the next steps to
develop and deploy them?

Technologies that we see as most promising for further CHE emission reductions at
ports and rail yards are automated electric equipment at container terminals and hybrid
equipment at bulk terminals. The most promising technologies for CHE at distribution
centers are fuel cell and battery electric fork lifts.

Automated all-electric (battery or grid-powered) equipment has been in use at port
container terminals in Europe, Asia, and Australia, since as early as 1993 with the Port
of Rotterdam, though it is in very limited use within the United States (U.S.).
Implementing the automation of cargo handling operations requires significant
infrastructure investments. However, there are significant efficiencies and safety
benefits to be gained with the conversion. Next steps for encouraging the further
deployment of automated electric equipment include both incentivizing the installation of
the necessary terminal infrastructure and supporting the development of reliable
electrical supply infrastructure necessary for the electrification of the terminals.

While automation and electrification of cargo handling operations are seen as the
ultimate goal for container handling terminals, interim benefits could be achieved by the
development and deployment of electric and hybrid non-automated equipment including
yard trucks and container handler equipment, such as top picks and reach stackers.

Electric and hybrid cranes, battery-electric automatic guided vehicles, and hybrid
straddle carriers are in use at these types of facilities, but the development of other
hybrid container handling equipment is not as mature. For example, the development of
both electric and hybrid yard trucks has been progressing for over five years with
demonstrations of both electric and hybrid models. However, commercialization of
electric yard trucks is still in the very early stage and hybrid yard trucks are still in the
developmental stage. Hybrid container handling equipment under development
includes fuel cell-electric and diesel-electric hybrids. A diesel-electric hybrid reach
stacker successfully completed a year-long demonstration at the Swedish Port of
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Helsingborg in the spring of 2014 (Konecranes, 2014a). Recommended next steps
would be to support and incentivize both the demonstration and purchase of electric,
fuel cell, and hybrid container handling equipment.

While hybrid vehicles have been fully deployed in the light duty vehicle market, as well
as for a number of container applications, hybridization is still an emerging technology in
the off-road bulk material handling equipment arena. There is a number of hybrid
off-road bulk handling equipment that has become commercially available in the last few
years. Operators using these new hybrids, primarily in the construction and mining
industries, attest to the fuel savings provided by the hybrid technology. These fuel
savings equate to greenhouse gas (GHG) emission reductions. However, the criteria
pollutant reductions, specifically NOy are less certain for these newly developed bulk
material handling equipment. Next steps for encouraging the deployment of hybrid
technology at bulk handling terminals include support and incentivizing hybrid
equipment demonstrations at these facilities. Demonstrations should include in-use
performance and emissions testing to quantify the emission benefits of the different
technologies in specific applications.

The development of hybrid bulk material handling equipment may be a pathway to
expanding the development of both electric and fuel cell bulk handling CHE. This could
be realized by the further development of battery technology in hybrids providing similar
advances for battery-electric equipment. Additionally, the emissions and energy use
reductions obtained with optimized hybrid operation could be further augmented by
replacing the diesel power source with fuel cells.

Opportunities for fuel cell technology at ports and intermodal rail yards may also include
providing either emergency back-up or prime power generation for grid-powered electric
equipment.

8. What are the estimated per equipment costs of the most promising
technology now, and at widespread deployment?

The most promising long-term technology for container handling is implementing the
automation and electrification of cargo handling operations. Based on the two port
terminal automation projects in California, implementing terminal automation requires
infrastructure investments of from $ 0.5 to over $ 1 billion. The electrified equipment
and automation software and hardware require additional capital investments which will
vary depending on the degree of automation, but could easily double capital equipment
costs. However, industry studies (Seaport, 2013) have shown that automation can
reducet er mi nal operating cost s, estSpereented as fnpe
depending on the chosen equipment mix, compared to typical manual operation. This
analysis took into account both the capital costs and the operating costs including
energy, maintenance, and labor. Automation also benefits container movement
efficiency as well as safety, by providing separation of terminal personnel from various
equipment activities. One U.S. semi-automated container port saw an initial increase of
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20 percent in hourly container moves and was projecting an increase of up to 30
percent under optimal conditions (NJ, 2014).

The most promising technologies for near-term container handling and bulk handling
are electrified non-automated and hybrid equipment. Capital costs for electrified
equipment vary from a 10 to 20 percent increase over conventional diesel-fueled
equipment for higher sales volume equipment and up to 80 to 100 percent increase in
cost for the lower sales volume equipment and less developed technologies. However,
consideration of total cost of ownership may result in this equipment being a more
attractive option.

9. What future activities are planned?

Future activities include:

1 Identifying funding options of both purchase and demonstration of electric, fuel
cell, and hybrid CHE at ports and intermodal rail yards,

1 Funding and monitoring emissions, performance, and operating cost comparisons
of clean diesel-fueled CHE and electric, fuel cell, and hybrid CHE, and

1 Incentivizing larger fleet demonstration of zero emission CHE that have
successfully completed limited demonstration.

10. Wh at is staffos recommendati on?

Staff recommends supporting and incentivizing the installation of the necessary terminal
infrastructure as well as the development of reliable electrical supply infrastructure
necessary for the automation and electrification of container terminal cargo handling
operations. Staff recommends that the infrastructure evaluation include hydrogen
supply and fuel cell power generation for either prime or back-up. Staff further
recommends supporting incentivizes for both the demonstration and purchase of
electric and hybrid (including diesel-electric, natural gas or propane-electric, and fuel
cell-electric) container and bulk handling equipment. Demonstrations should include in-
use performance and emissions testing to quantify the emission benefits of the different
technologies in comparison with clean diesel-fueled equipment.
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l. INTRODUCTION AND PURPOSE OF ASSESSMENT

Because of its geographical location and major ports and railways, California is a global
gateway for freight transport. Some of the largest ports in the world are located in
California, and with increases in trade and general freight activity, ports, intermodal rall
yards, and warehouse distribution centers stand to experience major growth over the
next two decades. These facilities are often located in or near densely populated areas
and neighborhoods, exposing residents to unhealthy levels of pollutants. In 1998, ARB
identified the particulate matter in diesel exhaust, diesel PM, as a Toxic Air Contaminant
(TAC), a classification reserved for the most dangerous airborne compounds. The
Board subsequently adopted the Diesel Risk Reduction Plan (DRRP), a strategy to
reduce these emissions by 85 percent, by 2020 (ARB, 1998).

In 2006, prior to the Air Resources Board (ARB) implementation of the Regulation for
Mobile Cargo Handling Equipment at Ports and Rail Yards (CHE Regulation), ARB staff
estimated that diesel-fueled cargo handling equipment (CHE) engines operating at ports
and intermodal rail yards resulted in approximately 0.54 tons per day (tpd) of diesel PM
and 13.4 tpd of NO, emissions statewide. The 2006 Diesel Particulate Matter Exposure
Assessment Study for the Port of Los Angeles (POLA) and Port of Long Beach (POLB)
(ARB, 2006) identified CHE as the third largest source of diesel PM at these two ports.

Consequently, ARB adopted the CHE Regulation in 2005 as part of the DRRP

(ARB, 2005a). ARBd&s i mpl ement ati on ,whichréeghiresBESHE Regul a
Available Control Technology (BACT) for both new and existing diesel-fueled CHE at

California ports and intermodal rail yards, has reduced CHE emissions significantly.

From 2006 to 2014, CHE diesel PM emissions at California ports and intermodal rail

yards were reduced by 85 percent and NO, emissions by 68 percent. These reductions

were achieved as a result of intensive capital investments in clean diesel-fueled

equipment by terminal and rail operators.

CHE is also used at other locations throughout California, primarily warehouse
distribution centers. Equipment at non-port, non-intermodal rail yard locations is not
subject to the CHE Regulation. However, much of the equipment used at warehouse
distribution centers operates indoors, which precludes the use of diesel for this
equipment. The equipment used indoors is primarily electric, fuel cell electric, with
some propane-fueled. Outdoor equipment at these facilities may be either propane or
diesel-fueled.

While significant diesel PM and NO emission reductions have been achieved for CHE
at California ports and intermodal rail yard, many areas within California have air quality
pollution that exceeds the National Ambient Air Quality Standards. The federal Clean
Air Act (Act) establishes planning requirements for areas that exceed the health-based
National Ambient Air Quality Standards. Areas are designated as nonattainment based
on monitored exceedances of these standards. These nonattainment areas must
develop an emission inventory as the basis of a State Implementation Plan (SIP) that



demonstrates how they will attain the standards by specified dates. Additionally, while
clean diesel-fueled equipment drastically cuts the criteria pollutant emissions, GHG
emissions are not mitigated by this equipment. The purpose of this technology
assessment is to help inform and support ARB planning and regulatory efforts,

i forni ads

i ntegrated freight planning,

State Implementation Plan (SIP) development,
Funding Plans,

Governor 6s

including:
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. OVERVIEW OF MOBILE CARGO HANDLING EQUIPMENT
A. Types of Equipment and Uses

Mobile cargo handling equipment (CHE) includes mobile equipment at ports, rail yards,
and warehouse distribution centers used to either handle freight or perform other on-site
activities such as maintenance or repair activities. CHE is as diverse a group of
equipment as the cargo that it handles and the tasks it performs. Cargo that arrives
and/or departs by ship, truck, or train, can include liquid, bulk (break bulk and dry bulk),
and containers. Liquid cargo, such as petroleum products and chemicals, are often
transported via pipelines, and therefore, do not usually have mobile CHE associated
with their operation. Break bulk cargo, such as lumber, steel, machinery, palletized
material, and dry bulk cargo, such as cement, scrap metal, salt, sugar, sulfur, and
petroleum coke, are handled using loaders, dozers, cranes, forklifts, and sweepers.
Container cargo, which is the most common type of cargo at ports and intermodal rail
yards, are handled using yard trucks, rubber-tired gantry (RTG) cranes, rail-mounted
gantry cranes (RMGs), top picks, side picks, forklifts, and straddle carriers. There are
about 4,600 mobile CHEat Cal i forni ads port sAnaquigmentnt er mod
specific inventoryofthe CHE at C awareloase distribudion centers has not
been developed at this time. Below is a description of the most common equipment

types.

Container Handling Equipment

Yard Truck

The most common type of cargo handling equipment at
ports and intermodal rail yards is a yard truck. Yard trucks
are also known as yard goats, utility tractor rigs (UTRS),
hustlers, yard hostlers, and yard tractors. Yard trucks are
very similar to heavy-duty on-road truck tractors, but
historically, the majority has been equipped with off-road
engines.

Yard trucks are designed for moving cargo containers.
They are used at container ports and intermodal rail yards Yard Truck

as well as distribution centers and other intermodal

facilities. Containers are loaded onto the yard trucks by other container handling
equipment, such as rubber-tired gantry cranes, top picks, or side picks, and they are
unloaded the same way. In addition to loading and unloading operations, yard trucks
are used to move containers around a facility (yard) for stacking and storing purposes.

The CHE regulation requires yardtrucksat Cal i forni adés ports and i
be powered by engines certified to meet United States Environmental Protection

Agency (U.S. EPA) model year 2007 or newer on-road or Tier 4f off-road engine

emissions standards.
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While most yard trucks are diesel-fueled, there is limited availability of those powered by
liquefied petroleum gas (LPG), compressed natural gas (CNG), and liquefied natural
gas (LNG). A 2012 emissions inventory showed that 18 percent of the yard trucks at
POLA are propane-fueled and 2 percent are natural gas-fueled.

Yard trucks have a horsepower range of about 150 hp to 250 hp, with most being

around 175 hp to 200 hp. There are approximately 2,500 yard trucks at California's
ports and intermodal rail yards.

Top Handler

Another very common type of container handling equipment
is the top handler. Also known as top picks, top handlers
are large truck-like vehicles with an overhead boom which
locks onto the top of containers in a single stack. They are
used within a terminal to stack containers for temporary
storage and load containers onto and off of yard trucks.

Top handlers are capable of lifting loaded cargo containers
weighing as much as 45,000 pounds. Top handlers have a
horsepower range of about 250 hp to 400 hp, with most
being between 250 hp and 350 hp.

Side Handler

Like the top handler, side handlers (or side picks) are used to
lift and stack cargo containers. They look very similar to a top
pick, but instead of grabbing the containers from the top, their
boom arm extends the width of a container to lift it from the
front face (or side). Side handlers are most often used to lift
empty containers; however, some are manufactured to lift
loaded containers. Side handlers have a horsepower range of
about 120 hp to 400 hp, with most being between 160 hp and
250 hp.

Reach Stacker

Another member of the cargo container handling family is the
reach stacker. Similar to a top pick, the reach stacker has a
telescopic boom (usually attached behind the cab) that moves
upward and outward in order to reach over two or more |
stacks of containers. Reach stackers lock onto the top of the
containers in a similar fashion to top handlers. However, they
are not nearly as common as top handlers and side handlers
because their duties can similarly be performed by
rubber-tired gantry cranes. They are most often found at port
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container terminals, but rarely at intermodal rail yards. Reach stackers have a
horsepower range of about 250 hp to 400 hp, with most being between 230 hp and
300 hp.

Gantry Crane

Rubber-tired gantry cranes (RTGs) and rail-mounted gantry
cranes (RMGSs) are very large cargo container handlers that
have a lifting mechanism mounted on a cross-beam supported
on vertical legs which run on either rubber tires or rails. While
the propulsion of the crane is very slow (about three miles per
hour), the lifting mechanism can move quickly, and is therefore
able to load and unload containers from yard trucks or from
stacks at a very fast pace.

RTGs and RMGs have a horsepower range of about 200 hp to
1,000 hp, with most being between around 300 hp to 1,000 hp.
There are approximately 350 RTG cranes at California's ports RTG Crane
and intermodal rail yards.

Shuttle and Straddle Carriers

Shuttle and straddle carriers are large cargo container handlers
that have a lifting mechanism mounted on a cross-beam
supported on vertical legs which run on rubber tires. The
propulsion of the crane is slow (less than 20 miles per hour).
These carriers are similar to but smaller and more mobile than
RTGs. As with RTGs and RMGs, the lifting mechanism can
move quickly, and is therefore able to load and unload
containers from yard trucks or from stacks at a very fast pace.
Shuttle carries can pick containers up off of the ground, move
them to another location, and either deposit on the ground or
stack one-on-one or two high. Straddle carriers are similar to
shuttle carriers but can stack containers up to three and four
high.

The majority of shuttle and straddle carrier engines
have horsepower ratings on the order of 200 to 400 hp
with a lift capacity range of approximately 40 to 60 tons.

Stradde Carrier

Automated Guided Vehicle

Automated Guided Vehicles (AGVs) utilize a variety of guidance technologies (guide
wire, laser positioning, embedded magnets, etc.) to deliver freight from Point A to Point
B without hands-on human control. AGVs can be employed at a broad range of freight
handling facilities. AGVs used for freight transport are battery electric vehicles that
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typically either have freight handling capabilities similar to small forklifts or which
perform duties similar to yard trucks. Yard truck equivalent operation generally mvolves
having shipping containers loaded onto the AGVs by | /
ship-to-shore cranes and unloaded by RTGs or RMGs.
AGVs transporting containers from dock-side to a
container stack area move at slow speeds of less than
15 miles per hour and can transport up to 60 tons.
Smaller AGVs, capable of moving loads of a ton or less,
can be used at warehouse distribution centers.

Forklift AGV

Used at both container facilities and bulk cargo facilities, forklifts are industrial trucks
used to hoist and transport materials by means of one or more steel forks inserted
under (or in the case of steel coils, in the middle of) the load. Forklifts are extremely
diverse in both their size and custom cargo handling abilities. While they are designed
to move and/or lift empty cargo containers or stacked or palletized cargo, they can also
be designed to move or rotate (flip) truck chassis.

Forklifts can be powered by either electric motors
(battery or fuel cell providing the electricity) or internal
combustion engines, such as compression ignition (i.e.,
diesel or natural gas) or spark ignition (i.e., gasoline or
propane) engines. Compression ignition forklifts are
usually designed for higher lift capacity than their
electric or spark ignited counterparts, and are therefore . :
more likely to be used in port or rail cargo handling Forklift
operations.

The cargo handling forklifts used at ports and intermodal rail yards have a horsepower
range of about 45 hp to 280 hp. There are ap
ports and intermodal rail yards.

There are additional types of lifts operating at Cal i f or rdistabGtisn war ehouse
centers. These include stackers, aerial lifts, and man lifts. This equipment is mainly

powered by electricity (battery or fuel cell) or propane to maintain indoor air quality.

These are described in the Warehouse Distribution Center Equipment section below.

Bulk Cargo Handling Equipment

Loader

One of the most common dry bulk handling equipment is
the loader, which is any type of off-road tractor, with either
tracks or rubber tires, that uses a bucket on the end of
movable arms to lift and move material. There are many

Load
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different types of loaders, including but not limited to, front end, skid steer, backhoe,
rubber tired, and wheeled. Loaders used in cargo handling operations range from 36 hp
(for small, skid steer loaders) to over 1,000 hp (for large, rubber-tired loaders), with

most being between 200 hp and 750 hp.

Dozer

The term dozer refers to an off-road tractor, either
tracked or wheeled, equipped with a blade. Dozers
at ports and intermodal rail yards are most often
used in dry bulk or break bulk cargo handling
operations. They range in size from 77 hp to

900 hp, with most being between 300 hp to 400 hp.
Both loaders and dozers are among the :
approximately 225 bulk cargo handling equipment at E=
Californiads ports and inte

Warehouse/Distribution Center Equipment

Forklifts can be categorized by the type of tires used on the equipment, either cushion

or pneumatic. These are discussed below.

Cushion-Tired Forklifts

Cushion tires are made of smooth, solid rubber. This type of forklift
generally has a small turning radius and, as such, provides better
operating characteristics for small spaces and tight aisles
(Forkliftcenter, 2013a). Cushion-tired forklifts have lift capacities up to
60,000 pounds.

Pneumatic-Tired Forklifts

Pneumatic tires are similar to a truck tire, made of treaded rubber and
filled with compressed air. Pneumatic tires add to the useful life of the
equipment by providing additional protection to the equipment
(Forkliftcenter, 2013a). Pneumatic-tired forklifts have lift capacities up
to 50,000 pounds.

Electric Forklifts

Pneumatictired

Electric forklifts can be either cushion-tired or pneumatic-tired. Electric forklifts have no
tailpipe emissions and are an excellent fit for indoor warehouse distribution center
operations. The dry environment found indoors is also essential for peak electric forklift
performance (Forkliftcenter, 2013b). Electric forklifts can be powered by either
batteries or fuel cells. Electric forklifts can have lift capacities of up to 40,000 pounds,
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however lower lift capacities of up to 12,000 pounds are more commonly used. Electric
forklifts represented 60 percent of forklift sales in the U.S. in 2013 (MarketWatch, 2014).

Walkie Stacker

Walkie stackers are lifts that an employee pushes or pulls to transport
pallets to areas in the warehouse distribution center where forklifts are not
necessary. Walkie stackers are also equipped with masts for lifting pallets
to height. Walkie stackers are primarily an indoor application due to their
small wheels and low clearance capabilities (Hyster, 2014). Walkie stackers
have a lift capacity of up to 4,000 pounds.

Aerial Lifts

Aerial lifts are equipment which utilize a vehicle-mounted
device, either telescoping or articulated, used to position
personnel (OSHA, 2011). Aerial lifts include extendable boom
platforms, aerial ladders, and vertical towers. Aerial lifts have
a lift capacity of up to 1,000 pounds.

New Equipment Capital Costs

Aerial lift

Order of magnitude capital costs for commercially available new CHE are summarized
in Table II-1 below. These costs were estimated based on staff communications with
equipment manufacturer representatives and searching internet sources. These costs

range from approximately $100,000, for smaller equipment, up to $6M for the rail

mounted gantry cranes. Ship-to-shore cranes, which are electric powered, cost on the

order of $10 to $12M.

Table 1l-1: Average New Equipment Costs

Average New Cost

Equipment Category Equipment Type (in thousands $)
Yard Truck i Tier 4f $125
Yard Trucks
Yard Truck - LNG $155
Top Handler - Diesel $520 - $600
Basic Container Handling | Side Handle - Diesel $315 - $600
Forklift - Diesel $40 - $250
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Equipment Category

Equipment Type

Average New Cost
(in thousands $)

Warehouse Distribution
Center Lifts

Class I: Electric
Motor Rider Trucks

$22 - $57

Class II: Electric
Motor Narrow Aisle
Trucks

$23 - $51

Class lll: Electric
Motor Hand Trucks or
Hand/Rider Trucks

$4 - $27

Class IV: Propane
Internal Combustion
Engine Trucks
(Solid/Cushion Tires)

$24 - $78

Class V: Propane
Internal Combustion
Engine Trucks
(Pneumatic Tires)

$24 - $407

Bulk Cargo Handling

Dozer - Diesel

Small i $110 (up to 80 hp)
Medium - $400 (up to 200 hp)
Large - $1,400 (up to 600 hp)

Excavator - Diesel

Small - $205 (up to 90 hp)
Medium - $270 (up to 190 hp)
Large - $750 (up to 470 hp)

Loader - Diesel

Sm Wheel - $130 (up to 100 hp)
Small - $180 (up to 140 hp)
Medium - $450 (up to 300 hp)
Large - $1,550 (up to 700 hp)

Cranes

RTG Crane - Diesel

$1,300

RTG Crane i
Automated Electric

$2,500

RMG Crane - Electric

$4,000 - $6,000

Straddle Carrier -
Diesel

$1,100

Initial equipment capital cost is only one segment of the total cost of equipment
ownership. The total cost of ownership also includes energy or fuel costs, fueling or
charging infrastructure, maintenance, and labor. Technologies with high initial capital
costs yet reduced operational costs may result in a lower total cost of ownership, with
acceptable payback periods. Data on the total cost of ownership comparisons with
conventional equipment is provided for the zero and near-zero emission technologies in
the technology discussion sections.

B. Emissions Inventory

As shown in Table II-2, there are over 4,600 pieces of CHE operating at ports and
intermodal rail yards in California. While emissions from CHE at ports and intermodal
rail yard are a small component of the statewide freight emissions, their proximity to
populated areas and the associated potential risk exposure provide incentive for
introducing zero and near-zero emission technologies in this sector. Additionally, since

-7



the total equipment population is small and the fleets are captive, this sector provides
opportunity for developing technologies requiring unique infrastructure.

Inventory information for CHE at warehouse distribution centers has not yet been

developed. One of the primary CHE data gaps is the need for an emissions and

equipment-specific inventory for CHE operating at Cal i f or rdistabGtisn war e h o u
centers. Warehouse distribution center CHE inventory development is necessary to

determine the need for and possible benefits from emissions reduction strategies at

these facilities.

Table 11-2: Estimated Statewide 2013 Cargo Handling Equipment Emissions at
California Ports and Intermodal Rail Yards

_ Numbers of | 2013 Pollutant Emissions (tons per day)
Equipment Types ;

Equipment PM NO,
Yard Trucks 2497 0.04 1.26
Forklifts 809 0.01 0.30
Container Handling Equipment 569 0.02 1.56
RTGs 354 0.01 0.66
Bulk Handling Equipment 229 0.01 0.62
Other 188 0.01 0.26
Totals 4646 0.10 4.66

Figure II-1 shows the distribution by equipment type of the statewide population of CHE.

Figure 1l-1: 2013 Statewide Population Distribution of Cargo Handling Equipment
at Ports and Intermodal Rail Yards

Bulk Other
Handling 4%

B Yard Trucks

B Forklifts

Container

Handling
13%

B Container

—Yard Trucks g RTGs
54%

m Bulk

B Other

As shown in Figure 1l-1 above, the majority, or 54 percent, of CHE at ports and
intermodal rail yards is yard trucks. However, less than half of the diesel PM and NOy
emissions (see Figure 1I-2 below) are attributable to yard trucks, with approximately
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40 percent of the diesel PM emissions and 27 percent of the NOx emissions. These
lower emissions contribution are due to the owner/operator compliance with the
stringent CHEr egul ati onds y apedornamce regkirereemts.s Si on s

Figure 11-2: 2013 Statewide Diesel PM and NOy Distribution of Cargo Handling
Equipment at Ports and Intermodal Rail Yards
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CHE at California ports and intermodal rail yards is relatively long-lived equipment, as

shown in Table II-3 below. Average equipment ages range from 7 to 22 years.

Additionally, all types of equipment, with the exception of yard trucks, have lives longer

than 10 years. Average hours of operation are also shown in this table. In addition, the

table shows that over 80 percentof CHEatCal i f or ni ads ports and int
was in compliancewi t h ARBO&s CHEDecembpn20Et i o n

Table 11-3: Port and Rail Cargo Handling Equipment Demographics by Type

Percent
Numbers of Average . Average
. . Percent Orroad Compliance
Equipment Pieces of Annual : : Age of
: o Engines/Percent With CHE ;
Type Equipment Adivity Off-road Engines | Regulation Dec Equipment
(2013) (Hours) 9 9 (Years
2013)
Yard trucks 2497 2830 90/10 81% 7
Forklifts 809 720 0/100 20.5
Top picks,
etc. 569 1860 0/100 11
0,
RTGs 354 2220 0/100 86% 12
Bulk handling 229 970 0/100 22
Other 188 800 50/50 22
Total 4646
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C. Ports and Intermodal Rail Yards

California is a global gateway for the United States by virtue of its strategic location on
the Pacific Rim, its border with Mexico, and its major ports and railways. Some of the
largest ports in the world are located in California, and with the increases in trade and
general freight activity, both the ports and intermodal rail yards stand to experience
major growth over the next two decades.

Currently, the State has 16 primary ports that participate in waterborne commerce:
Antioch, Benicia, Crockett, Humboldt Bay, Hueneme, Long Beach, Los Angeles,
Oakland, Pittsburg, Port Chicago, Redwood City, Richmond, Sacramento, San Diego,
San Francisco, and Stockton. While most of the ports fall under a port authority, the
smaller ports, such as Antioch, Benicia, and Crockett, generally have docks or terminals
controlled by the terminal owner(s) or operator(s). Figure II-3 shows the current primary
ports in California and their approximate locations.

Figurell-3: Cal i f orni ads Ports

Humboldt Bay !

Pittshurg & &

Crockett

Antioch, Benicia, & — Sacramento

Port Chicago Richmona =L Stockton
San Francisco e X o

Oakland” 2000
Redwood City © '

San Diego ®RT 0

Two major railroad companies, BNSF and UP, operate 14 intermodal rail yards in
California. The intermodal rail yards generally handle container cargo to and from
trains, trucks, and in the case of the rail yards being located at the ports, to and from
ships. Figure II-4 shows the intermodal rail yards operated by BNSF and UP in
California and their approximate locations.
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Figurell-4: Cal i f or ni ads
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D. Warehouse Distribution Centers

Warehouse distribution centers are facilities that serve as a distribution point for the
transfer of dry and refrigerated goods to other distribution points or to commercial
establishments. Facilities include cold storage warehouses, freight transfer facilities,

nter modal

— Stockton

Rai

and inter-modal facilities such as ports and rail yards. Diesel-fueled equipment at these

operations are primarily trucks, refrigerated trailers and shipping containers, and yard
trucks. CHE used indoors at these centers is generally either electric-powered,
propane-fueled, or hydrogen fuel cell electric powered. One of the primary CHE data
gaps is the need for an emissions and equipment-specific inventory for CHE operating
at Cal i f or nidstabstiomcanteesh A statewide inventory of CHE at
warehouse distributions centers must be developed to quantify the numbers and types
of equipment in-use at these facilities. Warehouse distribution center CHE inventory
development is essential to evaluating the need for and possible benefits from
emissions reduction strategies at these facilities. This section provides an overview of

thetypesofe qui pment and oper aarehousedistabtitionanteisf or ni ad s

There are many warehouse distribution centers located throughout California. Often
these facilities are located near other freight transportation facilities such as ports,
intermodal rail yards, and airports. Additionally these facilities are located near
population centers where there is a demand for goods. Figure I1-5 below illustrates the

locations of distribution centers in Kern County and the central location compared to the
various California population centers. Mega distribution centers emerged in 1998 as an

effort to gain a competitive advantage by concentrating product at locations that can
serve multiple regional markets. This coincided with the advent of the fbig-box storeo
(Symbotic, 2014). California mega distribution centers include facilities at Mira Loma

and the Moreno Valley in Southern California.
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Figure 1I-5: Kern County Distribution Centers

Southern &%
California
22 Million

consumers

Source: Kern Council of Governments, 2014

Warehouses at mega distribution centers employ automated equipment to store and
retrieve product. The Skechers North American Distribution Center located in Moreno
Valley is one example. Five Skechers distribution centers in the Ontario, California area
were consolidated into this one mega distribution center. Consolidation has eliminated
the truck trips between the five distribution centers. The building housing the Skechers
automated facility is approximately 1.8 million square feet and includes many energy
efficiency features, including:

1 280,000 square feet of solar panels,

1 Wind-sourced air vent system,

1 Energy-efficient heating and cooling systems, and

1 Cool roof and pavement technologies.

The facility uses an automated storage and retrieval system which has the capacity to
ship more than 100 million pairs of shoes annually. The facility, with more than 11 miles
of conveyors, relies primarily on the automated conveyor system to move product
throughout the facility. However, Skechers also operates a number of different types of
forklifts inside the distribution center. Those forklifts include battery electric and
propane powered lifts.

E. Regulatory Status

This section provides a regulatory context for the technology assessment by briefly
discussing significant ARB regulations that apply to cargo handling equipment.
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The ARB regulations, to which CHE is subject, are dependent on the fuel used and
where the equipment is operated. These are described below.

Diesel-fueled CHE at California ports and intermodal rail yards are subject to the ARB
Regulation for Mobile Cargo Handling Equipment at Ports and Intermodal Rail Yards
(section 2479 of title 13, California Code of Regulations (CCR) article 8, chapter 9)
(CHE regulation) (ARB, 2005a) (ARB, 2011a).

Diesel-fueled CHE not operating at California ports and intermodal rail yards is subject
to the ARB Regulation for In-Use Off-Road Diesel-Fueled Fleets (sections 2449,
2449.1, 2449.2, and 2449.3 of title 13 CCR, article 4.8, chapter 9) (Off-Road regulation)
(ARB, 2011b).

Propane and gasoline fueled CHEiss ubj ect t éRoad RaBé Sparlolfnition
Engine Regulation (sections 2430, 2431 2433 2434, and 2438 of title 13 CCR, article
4.5, Chapter 9) (LSI regulation) (ARB, 2008a).

CHE Regulation

The CHE regulation was adopted in 2005 to reduce the diesel PM health risk to

communities adjacenttoCal i f orni ads port s .atrafuiresrnhatall mo d a |
diesel-fueled equipment be upgraded to reduce diesel PM levels equivalent to that

achievable using a diesel particulate filter (DPF). This level of control is being achieved

by retiring, replacing, or retrofitting all in-use equipment per a compliance schedule and

requiring any new CHE to meet current engine emissions standards and be equipped

with a DPF if they do not meet Tier 4 off-road engine emissions standards. The rule is

even more stringent for yard trucks, which are required to be equipped with either 2007

or newer on-road engines or off-road engines meeting the Tier 4 final off-road engine

emissions standards.

As of December 2013, more than 80 percent of the approximately 4,600 CHE engines
at California ports and rail yards have been brought into compliance with the CHE
regulation. Compared to 2006 emission levels, 2013 diesel PM emissions are estimated
to have been reduced by about 85 percent, NO, by 68 percent. With the completion of
the compliance schedules by 2017, the reductions are estimated to be over 90 percent
diesel PM and 73 percent NO.

Off-Road Regulation

The In-Use Off-Road Diesel-Fueled Fleets Regulation (Off-Road regulation) was

adopted by the Board in 2007, last amended in 2010, and received U.S. EPA

authorization to enforce in 2013. This regulation is applicable to all self propelled off-

road diesel-fueled vehicles with engines rated at 25 hp or greater operated in California.

Personal use vehicles, vehicles used solely for agriculture, and vehicles subject to the

CHE regul ationdés performance r eRpadregdatomn.nt s ar
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The Off-Road Regulation:

1 Imposes limits on idling, requires a written idling policy, and requires a disclosure

when selling vehicles,

1 Requires all vehicles to be reported to ARB (using the Diesel Off-Road Online
Reporting System, (DOORS)) and labeled with Equipment Identification Numbers
(EINS),

Restricts the adding of older vehicles to fleets starting January 1, 2014, and
Requires fleets to reduce their emissions by retiring, replacing, or repowering
older engines, or installing Verified Diesel Emissions Control Strategies (i.e.,
VDECS or exhaust retrofits).

= =4

The requirements and compliance dates of the Off-Road regulation vary by fleet size.
Fleet size is determined based on the total off-road horsepower under common
ownership or control in the fleet.

LS| Regulations

ARB first adopted Large Spark-Ignition (LSI) engine regulations in 1998, which required
new LSI engines to meet more stringent NOx and hydrocarbon emissions standards
over time, and in 2006, which established verification procedures for LSI retrofit
emissions control systems. ARB also adopted the LSI Engine Fleet Requirements
Regulation (LSI Fleet Regulation) in 2006, which was amended in 2010 and received
U.S. EPA authorization in 2012, to require emissions reductions from existing LSI fleets.
The LSI Fleet Regulation also establishes fleet average emission level (FAEL)
requirements for medium and large fleets that become more stringent over time. The
LS| Fleet Regulation addresses 25 horsepower or greater (greater than 19 kilowatts)
engines fueled by gasoline, CNG, or LPG that have a displacement of greater than

1 liter, and are used in forklifts, and the following non-forklift equipment:
sweepers/scrubbers, industrial tow tractors, and airport ground support equipment.
Fleets with a total of four or more forklifts or four or more pieces of non-forklift LSI
equipment, must comply with the LSI Fleet Regulation.
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[I. ASSESSMENT OF POTENTIAL TECHNOLOGIES

The types of CHE current | y nterpocsal raityardsganda t
warehouse distribution centers are varied. Most CHE at ports and rail yards has
traditionally been powered by diesel-fueled compression ignition engines, but the use of
alternative fueled and electric equipment is increasing. The 2012 emissions inventories
for POLA and POLB showed that 71 percent of forklifts at POLA and 51 percent at POLB
are propane-fueled. Additionally at POLA, 18 percent of the yard trucks are propane-
fueled and 2 percent are natural gas-fueled. Cranes are the primary type of all-electric
CHE at ports and intermodal rail yards, including RTGs, RMGs, and automated stacking
cranes. Additionally the large ship-to-shore cranes used to unload containers from the
ships are all-electric.

Warehouse distribution centers require the use of low-emission equipment to maintain
adequate indoor air quality. Consequently, electric, propane, and hydrogen fuel cell
electric powered equipment, such as lifts, jacks, and sweepers are currently in use at
these facilities. Electric and propane-fueled lifts are the most commonly used energy
sources used indoors at manufacturing facilities and warehouses distribution centers.
Diesel CHE at these facilities is limited to diesel-fueled yard trucks, primarily to move
trailers to and from loading bays.

Each type of CHE has a unique engine duty cycle, but there are performance
characteristics universal to CHE due to the nature of the activities associated with these
industries. These operational characteristics include:

1 Durability and reliability comparable with other diesel-fueled equipment,

1 Being able to operate for a full 8 to 12 hour shift without down time,

1 Quick shift-to-shift turn around with short refueling/recharging/battery exchange
capabilities, and

i Equipment operator acceptance.

ARB staff has prepared assessments of the following technologies or efficiency strategies
and their applicability to CHE. Those technologies/strategies include:

Hybrid (electric and hydraulic),

All-electric (battery and grid source),

Alternative fuels (Hz, natural gas (CNG/LNG)),

Magnetic levitation,

Lower emission diesel engines (Tier 5),

Automated container handling operations, and

Maintenance/reduced engine emissions deterioration.

=4 =42 =4 -8 _-9_-9_-2

We will discuss each of these technologies/strategies in the following pages.
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A. Hybrid Technologies

Hybrid equipment, which uses two or more energy sources to provide motive power for
the equipment, is a pathway to zero emission technology as it advances the development
of its battery and fuel cell components. Equipment manufacturers are developing hybrid
equipment for a wide spectrum of CHE, including yard trucks, dozers, loaders, and
excavators. The following sections give a brief overview of hybrid technology and then
discuss specific applications to CHE.

Opportunities to increase fuel efficiency through hybrid technology, and thus reduce
emissions, vary with design but may include:

Reducing engine size,

Operating at optimum engine speeds, power output, and temperature,

Converting kinetic energy normally lost during braking and idle into stored energy,
Increasing energy storage capability,

Using stored energy during low power periods, and

Using batteries recharged from grid source.

= =4 =8 -8 -9 -9

Technology Description

Hybrid technologies utilize two or more energy sources to provide motive force for the
equipment. These energy sources can operate either in parallel or in series.

With a parallel configuration, both energy sources can provide motive energy to the
wheels, either separately, or at the same time. If one energy source is an internal
combustion engine, a parallel configuration allows the engine to be directly connected to
the transmission and eliminates the need to convert mechanical power to electrical
energy and then back to mechanical power. This eliminates the energy losses in these
conversions. If the other energy source is a battery, the battery is connected to an
electric motor which converts electric energy to kinetic energy to provide motive force
(UCS, 2010).

In a series configuration, one energy source feeds energy into another energy source
which then provides the motive power to the wheels. One example is an internal
combustion engine which runs a generator which charges a battery that provides the
motive power to the wheels via an electric motor. The engine can be sized to meet
average power demands rather than peak demands but the battery system must be sized
to meet the peak power demands. Additionally, since the engine is not required to
respond to the various power demands, it can be operated at the most efficient
steady-state operating conditions (UCS, 2010). Historically, railroad locomotives are the
most common series hybrid application. A locomotive has a diesel engine that drives a
generator which produces electricity to provide motive power to the wheels via an electric
motor. The series hybrid configuration is used in many types of hybrid heavy equipment
such as gantry cranes, bulk equipment, and some hybrid yard trucks currently in
development.

-2



Technologies used by hybrids to increase efficiency include regenerative braking, electric
motor drive/assist, and automatic start/shutoff. Regenerative braking uses the kinetic
energy from the wheels to turn a motor that functions as a generator, producing electricity
that can be stored for future use. The resistance of the motor also slows the vehicle,
supplementing the braking system and reducing brake wear. Thus, kinetic energy that is
normally lost during coasting or braking is converted into electricity. Electric motor
drive/assist provides additional power from the battery when needed. This allows the use
of smaller, more fuel-efficient engines. The battery also provides the motive force during
low speed operation when the engine is least efficient. Automatic start/shutoff reduces
energy usage from idling by automatically shutting the engine off when the vehicle comes
to a stop and restarts it when the accelerator is pressed. Both series and parallel
systems use regenerative braking to recharge the battery, which allows the use of a
smaller battery and automatic start/shutoff. However electric motor drive/assist requires a
parallel system (DOE, 2013a).

The energy sources being used in off-road hybrid equipment are generally either
diesel-electric or diesel-hydraulic combinations. However, additionally, fuel cell-electric
hybrids are currently in development. We discuss each of these below along with a
variation of the diesel-electric.

Diesel-electric hybrids

The diesel-electric hybrid uses a diesel engine teamed with an electric motor to produce
the energy required to power the vehicle. The diesel engine can either run a generator to
produce electricity to feed the electric motor or, in parallel systems, also provide motive
power directly. The electric motor is powered via the alternator or generator as well as an
energy storage device such a battery bank or super capacitor (described below). This
dual-powered system can provide more power at low engine speeds and has greater
efficiency than a single-power source diesel-fueled equipment. The diesel engine can be
smaller and more efficient (DF, 2011).

Super capacitors are an energy storage device that works well under conditions where
frequent charge and discharge cycles at high current and short duration are needed.
Super capacitors store energy as a static charge and not as the result of an
electrochemical reaction such as in a battery (BU, 2010). A super capacitor consists of
two conductive plates charged at different voltages. The imbalance creates a flow of
charge when the plates are connected (Blueshift, 2013).

Super capacitors have existed since 1957, but there were no commercial applications at
the time. It was not until the 1990& that advances in materials and manufacturing
techniques improved super capacitor performance at a lower cost (BU, 2010). Current
super capacitors can be charged in a matter of seconds, have a significantly higher
number of cycle lives than batteries, and have a service life of 10 to 15 years (BU, 2010).

Super capacitors are used in several types of hybrid CHE including a RTG crane and bulk
handling equipment. The super capacitors are used to store energy normally lost from
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braking, such as lowering a container or slowing/stopping a rotating bucket arm. The
stored energy is then used as power-assist to the engine when needed (Siemens, 2011)
(Komatsu, 2012).

Diesel-electric plug-in hybrids

The diesel-electric plug-in hybrid is a diesel-electric hybrid that allows the battery to be
recharged using an outside power source in addition to charging with the diesel engine.
Plug-in hybrid equipment generally has larger batteries than other types of hybrid
technologies in order to store energy from the outside source, generally the electric grid.
This allows the battery to potentially serve as the predominant source of power for the
equipment and operate a large percentage of the time on electric-only (DOE, 2013b).

Diesel-hydraulic hybrids

The diesel-hydraulic hybrid uses a diesel engine, hydraulic pump, hydraulic motor, and
low and high pressure tanks. Both tanks contain hydraulic fluid and nitrogen gas. The
hydraulic pump, powered by either the diesel engine or, during breaking, by the kinetic
energy of the wheels, moves the hydraulic fluid from the low pressure reservoir into the
high-pressure tank or accumulator. When the accelerator is pressed, the hydraulic fluid is
released from the high pressure accumulator through the hydraulic motor which drives the
wheels. The hydraulic fluid collects in the low pressure reservoir, which can then be
pumped back into the high pressure accumulator. When fluid in the high pressure
accumulator is insufficient to drive the hydraulic motor, the diesel engine is started to
pump the fluid from the low pressure reservoir through the hydraulic motor, with any
excess fluid returning to the accumulator. As with other types of hybrids, hydraulic-
hybrids can be configured as either parallel or series hybrids depending on whether the
engine is able to directly provide power to the wheels or not.

Fuel cell-electric hybrids

The fuel cell-electric hybrid uses a fuel cell power system to produce electricity for motive
power. Depending on whether the system is a parallel or series hybrid, the electricity can
be used either to directly power a motor, with excess going to energy storage, or to
charge an energy storage device, such as a battery or super capacity, which then
provides the power.

System/Network Suitability and Operational/Infrastructure Needs

Hybrid technology provides the most benefits when equipment operations require bursts
of energy alternating with idle or low power requirement periods and the need to absorb
energy. Consequently, this technology is ideal for cranes which raise and lower
containers, yard trucks that stop and start often, as well as bulk equipment which
operates shovels, buckets, or lifts. An advantage of hybrid equipment is that
infrastructure needs are generally the same as for diesel-fueled equipment with the
exception of plug-in equipment which requires charging infrastructure.
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Technology Readiness

Table I1I-1 below provides a summary of both the commercially available and developing
hybrid equipment that could be used in the CHE sector. The table includes container
handling equipment, both yard truck and non-yard truck, and bulk handling equipment.
The development status of each of these equipment types is discussed below.

Table 1lI-1 Summary of Commercially Available and Developing Hybrid Equipment
for Use as Cargo Handling Equipment

Power Number of SIEIE
Equipment Type Type Models Commercially Under
Available Development
Yard Truck
Diesel-
Electric 2 - 2
Plugin
Yard Truck Diesel-
. 1 - 1
Electric
Fuel c_:eII 1 i 1
electric
Non-Yard Truck CHE
Container Handlers
Diesel-
Electric 4 4 0
Diesel-
RTG Crane Electric 6 6 -
Retrofit
Fuel Cell
Electric 1 i 1
Diesel-
AGY Electric 1 1 i
Diesel-
Carriers: Electric 10 . i
Sprinter/ Box / Straddle / Diesel-
Shuttle Electric 2 2 -
Retrofit
Reach Stacker Diesel- 1 1 -
Electric
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Status

Power Number of

Equipment Type Commercially Under
Type Models Available Development
Bulk Handling Equipment
Diesel-
Dozer Electric 1 1 i
Diesel-
Electric 2 1 1
Excavator .
Diesel- 1 i 1
Hydraulic
Loader/Material Handler Dlese!- 2 2 -
Electric

Yard Trucks

While yard trucks would appear to be an excellent application for hybrid technology due to
their frequent stops, development of a hybrid yard truck has not progressed beyond
demonstrations. At least three different demonstrations have occurred at port terminals,
with mixed results.

The most successful demonstration was the 2009 three-week demonstration of the
Capacity Pluggable Hybrid Electric Terminal Truck (PHETT™) in operation at the Port of
Los Angeles (TIAX, 2010). This model was a plug-in series diesel-electric hybrid with a
40 hp interim Tier 4 (Tier 4i) diesel-fueled genset with a 225 hp, 3 phase AC traction
motor and lead acid batteries. Th e P H E peffdmed favorably in comparison to a
diesel-fueled on-road engine yard truck when operated in ship loading/unloading service.
However, the emissions comparison was disappointing. The PHETT '™ demonstrated
about 18 percent higher NOy emissions on a grams per hour basis than the diesel-fueled
on-road engine yard truck although it did produce a 6 percent reduction in diesel PM. A
possible contributor to this disappointing NOx comparison is the difference in emission
standards to which the diesel engines in the two vehicles were certified. The
conventional diesel-fueled yard truck was powered by an on-road engine which was
certified to a more stringent NO, standard than the PHETT ™6 s -raad Tier 4i diesel-
fueled genset. Yard trucks at California ports and intermodal rail yards are required to
operate with on-road engines until engines certified to final Tier 4 (Tier 4f) off-road engine
emissions standards are available. Consequently, if a Tier 4f genset had been used in
the hybrid instead of the less stringent Tier 4i, the results would be expected to have been
betterduetot h e T i40 percdntlawsr NOy standard and 90 percent lower PM
standard as compared to Tier 4i standards for the 40 hp genset.

The U.S. Hybrid diesel-electric hybrid yard truck has undergone demonstrations at both
POLB in 2010 and Port of New York (NY) in 2011 through 2012 (CALSTART, 2011)
(CALSTART, 2013). The POLB operators had favorable experience with this hybrid,
however the NY operators experienced performance problems and more mechanical
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issues than with conventional diesel. The POLB demonstration occurred first and some
modifications to the yard truck were made in response to that demonstration. While
emissions testing was completed during the POLB demonstration, a design issue clouded
the results. Emissions testing was planned for the NY demonstration, but was not
completed. The POLB demonstration estimated fuel savings at 14 to 20 percent
(accounting for the design issue through analysis), significantly higher than the 8 percent
fuel saving experienced in the 14-month NY demonstration.

There are two additional hybrid yard trucks currently under development which have not
completed demonstrations. These are a diesel-electric plug-in being developed by Balgon
in conjunction with Polar Power and a hydrogen fuel cell electric yard truck, the Zero TT,
by Vision Industries, who is also partnering with Balgon. The Zero TT is designed to
move the heavy containerized cargo inside a port facility or central distribution center.
The Zero TT is designed to operate for two eight-hour shifts before refueling the hydrogen
tanks. Lithium-ion batteries are used as the power supply and the hydrogen fuel cells
recharge the batteries on-the-fly (Reuters, 2015). Vision Industries announced in
September 2014 that the company has voluntarily filed for Chapter 11 bankruptcy
protection. They intend to continue to operate and work on ongoing government
supported programs and research projects while undergoing reorganization (Vision,
2014).

Cranes and Carriers

Cranes and container carriers are ideal applications for hybrid technology, as exemplified
by the mature development of the technology in these applications. Lifting and lowering
containers allow for both the supplementation of energy needs by the additional power
source and the storing of regenerative energy from braking the container lowering.

Diesel-electric hybrid RTG crane systems are able to reduce the diesel engine size to
approximately a third of the horsepower needed for a conventional diesel-fueled RTG
crane. The diesel-fueled genset can be sized for average load rather than peak load
since it is combined with a battery system. The battery provides the additional power for
the peak loads during container lifting. An energy management system allows the battery
to store energy from the genset when it produces excess as well as the regenerative
energy generated from lowering containers.

In 2005, a prototype hybrid power system by Siemens was retrofitted into an RTG crane
in Spain and demonstrated a 50 percent reduction in fuel use (GCC, 2008). In 2007,
Railpower completed preliminary testing of their ECO Crane at a Canadian port with a
report of a 74 percent fuel savings (GCC, 2007). Other manufacturers report similar fuel
savings. There are at least five manufacturers who offer hybrid versions of these cranes,
including modules to retrofit existing diesel-fueled cranes. The retrofit modules replace
the conventional diesel-fueled power system in an existing crane with a modular hybrid
power system. There is also an ARB verified retrofit system which adds a flywheel to the
crane to capture the energy from the lowering of containers. The flywheel then provides
this energy for the lifting of containers. However, because this system leaves the original

-7



diesel engine in place, which was sized for peak loads, it does not obtain the fuel savings
achieved with systems which replace this engine with a much smaller engine.

A fuel cell hybrid RTG crane is under development by Hydrogenics using a battery-fuel-
cell hybrid system to lift the containers and regenerative braking to control container
descent (Fuel Cell Today, 2013).

An AGV that performs duties similar to a yard truck, such as transporting containers from
dock-side to a container stack area, is available in a diesel-electric hybrid. This hybrid
includes an ultra, or super, capacitor for energy storage which is estimated to provide

45 percent of the operational power requirements (VDL, 2014).

Shuttle and straddle carriers combine container lifting and lowering with container yard
transport. Using these carriers allow the ship-to-shore crane to set the containers on the
dock in short stacks when unloading a ship rather than setting them one-by-one on yard
trucks. There are a number of both hybrid models and hybrid retrofit options available for
shuttle and straddle carriers. Hybrid models have been commercially available since
approximately 2008.

Reach Stacker

A diesel-electric hybrid reach stacker, made by Konecranes, began a year of field testing
of their new hybrid reach stacker in 2013 at the Swedish Port of Helsingborg. The year-
long demonstration was successfully completed in 2014. The reach stacker is a diesel-
electric series driveline with an electrified hydraulic lifting system and super capacitor for
short term energy storage. It demonstrated fuel savings of between 30 and 50 percent
compared to a conventional diesel-fueled reach stacker. This model is commercially
available (Konecranes, 2013) (Konecranes, 2015).

Bulk Handling Equipment

Several models of hybrid bulk handling equipment have recently been introduced, as
shown in Table IlI-1 above. These include a diesel-electric hybrid dozer, three hybrid
excavators (two diesel-electric and one diesel-hydraulic), and two diesel-electric hybrid
loaders. At least two of the diesel-electric equipment use diesel-electric drive, but include
hydraulic systems for non-motive operations. These equipment models are being
developed for the construction and mining industries where they are primarily being used.

A 2010-2011 ARB Air Quality Improvement Program (AQIP) project, the Hybrid Off-Road
Equipment Pilot Project, provided funding to compare fuel efficiency and emissions of a
hybrid dozer, the Caterpillar D7E, and one of the excavators, the Kamatsu HB215-LC-1,
to conventional diesel equipment. The project also provided incentive funding, on the
order of 10 to 15 percent of the capital cost, towards the purchase of this equipment. A
total of 16 pieces of equipment were purchased through the incentive funding, primarily
for construction applications. The demonstrations showed that the fuel consumption and
emissions benefits/disbenefits of the hybrid equipment were highly dependent on the type
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of work the equipment was involved in. While these were only two of the multiple hybrid
equipment available, these data suggest that the next generation of hybrid construction
equipment will need additional technological advances to ensure it achieves substantial
greenhouse gas benefits while also delivering NO, emission reductions across all duty
cycles.

Costs

For the hybrid CHE equipment currently available (discussed above), with established
higher volume markets, capital equipment costs are generally 10 to 20 percent higher
than conventional diesel-fueled equipment (CALSTART, 2011). However, reduced fuel
costs, due to efficiency improvements, and extended brake life, for systems with
regenerative braking (DoE, 2014), could quickly pay back this nominal price premium.

Hybrid equipment fuel efficiency improvements rely on matching the technology with
operational characteristics. Hybrid systems that are designed to operate the diesel
engine at the most efficient operating conditions and use regenerative braking to
recuperate energy losses provide the most efficiency benefits (Katrasnik, 2010). As
discussed above, hybrid yard trucks have demonstrated efficiency improvements of 8 to
20 percent whereas hybrid RTG crane fuel savings have been shown to be as much as
50 to 74 percent.

Estimate of Emissions Reductions With Technology

As with other hybrid systems, emissions reductions are dependent on the hybrid system
and the engine duty cycle. Reductions in CO, emissions will be consistent with the fuel
efficiency improvements discussed for each equipment type. NOy benefits have varied
with the hybrid system and the application. Hybrid cranes have demonstrated the best
NOy reductions whereas the bulk handling equipment NOy reductions have been more
mixed. PM reductions have been more consistent, with up to 60 percent reductions
demonstrated, although it is becoming more difficult to quantify those reductions due to
the low baseline PM emissions with DPF-equipped diesel engines.

The operational benefits associated with hybrid technologies include reduced engine
noise and the ability to work full shifts with quick shift-to-shift turn around.

Next Steps/Staff Recommendations

Staff recommends additional demonstrations of hybrid CHE bulk equipment with emission
and performance data collection to determine if they can meet the operating conditions at
ports and intermodal rail yards. In addition, once the hybrid equipment viability and
benefits have been demonstrated, staff recommends that incentives be provided to
promote large fleet demonstrations of hybrid CHE at ports and intermodal rail yards to
demonstrate durability and reliability. Hybrids can be used as a transitional technology to
achieve additional emissions reductions from non-container movement port operations
through a combination of incentives and regulatory approaches.
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B. Electric Power Technologies

Electric power technologies have the commonality that all use electricity as the energy
source for motive power. Generally, CHE using this energy source is equipped with an
electric motor which converts the electricity to kinetic energy for motive power. The
differences in these technologies are generally the electricity source. The energy sources
(either the electric grid or batteries) and potential use of these power options to CHE are
discussed below.

1) Electric-grid Powered

There are a number of electric-grid powered technologies being implemented or
considered at Californiads ports aeletridgnd er mod
powered technology involves using the existing California power grid to provide electricity

to operate the equipment. Existing applications include auxiliary power for ocean-going

vessels (shore-power), catenary (overhead) and in-ground power systems, ship-to-shore

cranes, electrified RTG and RMG cranes, and electric-vehicle charging. Electric-vehicle

charging is associated with battery-technology.

Technology Description

The i mplementation of ARBOs Air TebBngines Contr ol
Operated on Ocean-Going Vessels (OGV) at Berth in a California Port (ARB, 2008b) has

spurred the development of shore-p o wer proj ects at Californiads
the infrastructure needed for the OGV shore-power program may provide opportunities for

CHE owners/operators to use electric CHE. The continued growth of the use of shore-

power at port terminals provides infrastructure to help support electric CHE including

cranes and yard trucks. Details about the status of shore-power implementation at
Californiads ports, the infr ampwerthedosisr e needs
associated with shore-power, and the emissions reductions associated with shore-power

are provided in the Ocean-Going Vessel Technical Assessment document.

Grid-powered technologies will reduce emissions of greenhouses gases and criteria
pollutants at the point of application, but greenhouse gas and criteria pollutant emissions
associated with power plants may increase unless renewable sources provide the
required power.

The advantages of implementing grid-powered CHE include reduced emissions and
reduced health risk exposures to communities located near ports and intermodal rail
yards. The disadvantages of grid-powered CHE include the engineering challenges
posed by installing the system and the high capital costs. Engineering challenges include
planning, designing, and installation of the infrastructure necessary to optimize the
functionality of CHE using grid-based electricity and the variety of electrical requirements
(AAPA, 2007). Additionally, the ability of the grid to accommodate the increase in
demand may also be a challenge.
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