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SUMMARY
Operations at the Port of Stockton currently utilize both renewable and fossil-fuels to power buildings, cargo-handling
equipment vehicles, and harbor craft. The Port’s effort to curb emissions and modernize operational equipment with
low and zero emission fuels is driven by the desire to be a good neighbor to the community as well as getting ahead
of regulations including Governor Newsom’s executive orders to electrify all passenger vehicles and pursue carbon
storage and green infrastructure development. As the Port holds minimal leverage over ships that call the port, the most
effective route for emissions reduction via low and zero emission fuels involves focusing on the Port’s major sources of
emissions within their immediate control or sphere of influence.
The Port’s own fleet, cargo-handling equipment, and large buildings contribute to emissions and could all be evaluated
for emissions reductions. That evaluation begins by analyzing the feasibility of hydrogen, electricity, and renewable
natural gas. No fuel is currently positioned to solve all problems and all three are still under development to perfect
them. As technologies continue to develop, it will be up to the Port to determine which are the most cost effective and
suitable for long-term use and expansion. In 2020, the Port completed a port-wide greenhouse gas (GHG) emission
and air pollutant inventory, which is the first step toward identifying a prioritized list of emissions sources that can be
reduced, minimized, or replaced with newer technologies that produce lower or zero emissions.

FUELS IN USE
The shipping industry is often the target of criticism for its greenhouse gas and toxic emissions from ships and tankers
traversing the high seas which typically are the greatest single source of emissions associated with port operations.
Unfortunately, the emissions of GHGs does not stop when ships are at berth. In port, most ships are burning the same
diesel fuel while idling to power lights and refrigeration during unloading activities as on the high seas. However, as
technologies advance, so do port operations.
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Ports around the world are transitioning to low-emission or zero- emission options like electrification for shore power or
cargo-handling equipment; others are streamlining back-end operations by incorporating blockchain and AI to directly
reduce their carbon footprints.
The Port of Stockton owns different types of cargo-handling machinery, including forklifts, dozers, trucks, tugboats and
locomotives, almost all of which run on diesel, therefore this equipment is one of the Port’s largest category of GHG
emitters. Some of the more modern equipment are capable of operating with non-diesel fuels including electricity,
liquid propane gas, and propane.
As a largely fossil-fuel dependent industry, The Port of Stockton has limited control over the antiquated ships and
vehicles that call the Port or are contracted by tenants to transport goods in and out of the Port terminals. Therefore, as
the Port aims to reduce carbon emissions, its focus should be on strategically sourcing the power required to heat and
cool buildings in addition to the upgrade, retrofit and conversion of cargo-handling equipment currently powered by
diesel to modernize and reduce emissions as much as possible.
There is no single solution or perfect fuel for all applications in a port setting. However, some of the most viable emerging
alternative technologies in terms of cost and likelihood of scaling are hydrogen fuel cell, electrification, and renewable
natural gas. Each low or zero emission option is explored in terms of advantages and disadvantages.
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HYDROGEN
Hydrogen is the lightest element on the periodic table
and also the most abundant in the universe. It is also
colorless and odorless and upon combustion, the only
byproduct is water. Therefore, in most cases, hydrogen
is considered a zero-emission fuel.
Hydrogen can be produced by using natural gas,
nuclear power, biomass, and renewable power like solar
and wind. If produced with renewables, it is almost a
completely clean fuel source as it only emits water
rather than GHGs and air pollutants, upon combustion.
Obtaining hydrogen for use as fuel is unfortunately, not
a completely zero emission process. Approximately 95
percent of hydrogen fuel is produced through steam
reformation of hydrocarbons like natural gas or coal,
thus resulting in GHG emissions during the production
process (Hydrogen fuel basics).
Fuel cells are similar to batteries in that they can provide
electricity as long as fuel is supplied; however, unlike
batteries, they do not need to be recharged for extended
periods, only refueled in a matter of minutes. Hydrogen
fuel cells make attractive choices for transportation
and electricity generation due to their ability to power
entire power stations or single laptops more safely
and at a higher fuel- efficiency than traditional internal
combustion engines.

ADVANTAGES OF HYDROGEN
Fuel cells have a variety of uses. Stationary fuel cells
are often used in hospitals, office buildings, and utility
power plants to provide supplemental or backup
power. Stationary fuel cells are durable and good for
use in remote or weather-inclement locations. While
the Port of Stockton is not necessarily in a remote
location, an onsite stationary fuel cell would provide
added security and resilience in the face of blackouts,
inclement weather, and other unpredictable poweroutage events.
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Across industries, fuel cells are also either already in use or in the development stage in multiple types of transportations
such as passenger vehicle, railcar, and aviation. The greatest benefit the Port of Stockton would see due to the power
variability is the potential to run small vehicles and machines as well as power, heat, and cool entire buildings.
Hydrogen is much safer than hydrocarbon-based fuels for a multitude of reasons. It is 14 times lighter than air which
allows it to disperse quickly limiting the possibility of combustion. The auto-ignition temperature also adds to its safety
factor. A fuel’s auto-ignition temperature is the lowest temperature for combustion without a spark. Similar to natural
gas, hydrogen’s, auto- ignition temperature is 2.4 times higher than gasoline vapor. Essentially, if the hydrogen is expelled
outside or even in large enclosed space, it would dissipate quickly with minimal chance of an explosion.
Fuel cells are also more fuel efficient than conventional fuels like gasoline and diesel. Hydrogen has a fuel efficiency
of 60 to 80 percent, gasoline’s is around 20 percent and diesel is about 30 percent (themechanic, Diesel Vehicles).
Comparatively, a fuel cell vehicle can get up to 93 miles per gallon compared to an average of 35 miles per gallon
for typical combustion engines (themechanic). Though a vehicle is not traveling great distances at a port, the travel
distance can be viewed in terms of time; less charging means more operating time.

DISADVANTAGES OF HYDROGEN
There are three major uncertainties of widespread hydrogen expansion including storage, feedstocks and the production
process, and future technologies. While higher fuel efficiency means less fuel needed for the same or more power as
combustion engines, it does not mean anything if there is low storage capacity.
Hydrogen has a high energy content by weight, but not by volume. A lot of hydrogen has to be compressed into a leakproof storage tank for it to be used meaningfully as a fuel. There are additional challenges with getting storage tanks on
board machines that are light but also sizable and durable enough. There has to be a large enough storage tank on the
vehicle to hold a lot of compressed hydrogen without weighing down the machine.
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The production of hydrogen, in theory, could be a carbon neutral process, however, natural gas accounts for nearly 75
percent and coal for 23 percent of the feedstock used for hydrogen production (IEA). The use of natural gas results in
nearly 10 metric tons of carbon dioxide emitted per metric ton of hydrogen produced.
Due to the declining cost of renewable energy sources such as solar photovoltaic (PV) and wind, electrolytic hydrogen
(made from water and electricity) could be a priority in the near future. Europe has been on the cutting edge of scaling
hydrogen for some time. In 2019, the Port of Hamburg announced plans to begin construction of the world’s largest
hydrogen electrolysis plant. The hydrogen produced would be used for fuel and any excess produced could be used in
the production of materials nearby (Hamburg). Should the United States see a significant investment in decarbonization
technologies, carbon capture, hydrogen utilization, and storage options also provide potential for the Port.
Finally, there is concern of cost and uncertainty about the future. Hydrogen is still in the research and development
stage which leaves start-up costs high and questions about scalability unanswered. Experts at the Hydrogen Council,
a global initiative of policymakers, scientists and companies pursuing research and investment in hydrogen, suspect
that hydrogen will see a decline in price much like other renewables have in the past few years. Some indicators of this
cost decline and rise in competitiveness are the 18 countries with detailed hydrogen deployment strategies, 55 times
increase in global electrolysis capacity sine 2015, and 66 countries committed to net zero emissions by 2050.
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FIGURE 1: COST COMPETITIVENESS TRAJECTORIES OF HYDROGEN APPLICATIONS, PATH TO HYDROGEN
Figure 1 shows the current cost competitiveness and trajectories of existing hydrogen applications. Some of the most
competitive or soon to be, are forklifts, rail, heavy duty, and medium duty trucks, suggesting potential for the Port.
However, an investment in innovation does not guarantee that hydrogen or hydrogen for these uses will succeed.
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ELECTRICITY
Electricity is not a novelty; it is, however, a relatively new
solution to powering vehicles and heating and cooling
buildings. Since the Industrial Revolution, hydrocarbonbased fuels like propane, gasoline, and crude oil have
been the backbone of modern energy, including
electricity. Now, plummeting costs of solar energy and
ramped up innovation in wind energy are providing
more opportunities to transition into renewable energy
portfolios.
Many of the world’s larger ports (e.g., Port of Los Angles,
Port of Long Beach, Port of Rotterdam and Port of
Amsterdam) are implementing shore power systems for
vessels. Shore power allows certain modernized ships
to plug into the land’s electric grid in order to power
onboard lighting and refrigeration, instead of using fuel.
Green(er) electricity is also a feasible solution for cargohandling equipment, cranes, lifts, and onsite building
heating a cooling, which contribute to the Port’s key
sources of emissions.

ADVANTAGES OF ELECTRICITY
One of the most efficient types of building electrification
is heat pumps. Most commonly used in homes, they
simply move warm air in or out of a space. While they
still require electricity, the newest versions can help
reduce electricity costs by up to 50 percent (Gerdes, So,
What). They can also act as a heater or air conditioner,
giving them a two-for-one value.
Natural gas-powered furnaces or boilers can be
replaced by ground or air source heat pumps and even
water heaters can be replaced by heat pump water
heaters. When in cooling mode, high-efficiency heat
pumps also act as better dehumidifiers than central air
conditioners, making them less energy intensive (Heat
Pump Systems).
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FIGURE 2: ZEETUG-30, “GISAS POWER,” IN THE PORT OF TUZLA
The Port also has a long list of antiquated equipment currently operating on diesel fuel including trackmobiles for rail
cars, forklifts, and tugboats. Electrifying all of these is possible. Hybrid tugboats were implemented at the superport of
Los Angeles / Long Beach in 2009. Technology has advanced since 2009 which has led to better hybrid boats and tugs
as well as zero emission tugs, like ZEETUG. ZEETUG30 is an all-electric battery-powered tugboat expected to reduce CO2
emissions by 210 tons and NOX emissions by nine tons a year. This tug is about 80 percent efficient compared to the 30
percent of diesel combustion engines. The accompanying quick charge stations only require 30 minutes for a majority
charge and an hour for a full charge.
The company also estimates an 85 percent reduction in operating costs. The Tuzla Shipyard in Istanbul is currently
utilizing the ZEETUG30 and the company was contracted for more construction during 2020 (Zeetug). On December 10,
2020, the world’s second all-electric tug entered the workforce. Damen Shipyards Group now uses “Sparky” in its Song
Cam, Vietnam facility. It has a 70-ton pulling capacity, more than double that of the ZEETUG30, it can go up to 3 knots
faster, and is also about 20 feet longer (World’s First High-Powered Electric). It is either too early or too confidential to
find public-facing feedback on the tugs. However, the implementation of two electric tugs in one year might be a sign
of what is to come.
The Port’s inland placement within the San Joaquin Delta creates a reliance on the national rail system for goods
transportation and disbursement. The Port’s trackmobiles, the machines that push and pull small numbers of rail cars,
run on diesel and date back to 1982. Modernized railcars, like Zephir’s LOK E, are all-electric and capable of moving
loads up to 35,970 lbf. These also have the luxury of onboard chargers, for eight-hour charge times, which eliminate the
need to install free-standing ones (LOK E). The Port of Stockton received Zephir’s electric railcar in the Fall of 2020 and is
working out the kinks but is experiencing a positive implementation process to date.
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Both the maritime shipping industry and the Port of Stockton already utilize electric forklifts. There are currently 16
electric forklifts at the Port and 52 additional forklifts powered by diesel or propane. There are also four strategically
placed charging stations around the Port as well. A partnership effort known as the ZANZEFF program (Zero and Near
Zero-Emission Freight Facilities), between the ports of Long Beach, Los Angeles, and Stockton is part of a larger initiative
to reduce statewide emissions generated from goods movement.
Thanks to the ZANZEFF program, the Port of Stockton is expecting to obtain 18 more electric forklifts which will
continue to reduce emissions, the reliance on diesel, and operating costs in the long run. The placement of charging
stations also allows for wide-spread use of EVs at the Port. The three ports collectively share the same stevedoring
service provider, SSA Marine, which was a catalyst in the partnership development because they are the key operators
of the cargo-handling equipment. As an added bonus, the program will help stimulate job growth in the electric vehicle
and equipment industry in Stockton (Air Quality in Stockton).

FIGURE 2: ZEETUG-30, “GISAS POWER,” IN THE PORT OF TUZLA
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DISADVANTAGES OF ELECTRICITY
Like many new technologies, upfront costs are a deterrent for many investors. Specifically, for heat pumps, there used
to be an understanding that they were only fit for moderate climates. With technological advancements, that is no
longer true. For example, Maine, the most heating- oil dependent state, committed to the installation of at least 100,000
heat pumps by 2025 (Gerdes, Maine). Unfortunately, the upfront costs can be more expensive than traditional heaters,
largely due to limited rebates and incentives across the country (Gerdes, So, What). California, however, has allocated 45
million dollars to heat pump incentives in an effort to reach the state’s 2045 carbon neutrality goal (Gerdes, California).
Many of the disadvantages of electrifying vehicles are the same regardless of the vehicle type. There are often expensive
upfront costs of the machinery itself but also new power and charging systems. This can, occasionally, be offset by grants
and government incentives but is not guaranteed and sometimes difficult to plan for. There are also concerns about
batteries losing their capacity over time and the weight loads for forklifts and trackmobiles. Electric vehicle technology
is improving every year and could settle these concerns.

RENEWABLE NATURAL GAS
If zero emission fuels are out of reach, liquid natural gas (LNG) and renewable natural gas (RNG) could be considered as
transitory steppingstones. Natural gas is a colorless, highly flammable fossil fuel that is mostly made up of methane, a
GHG that is nearly 30 times more potent than carbon dioxide (Yvon-Durocher). LNG is natural gas that has been cooled
to get it into a liquid form. It is occasionally pushed as a cleaner fuel by the oil industry and lobbying groups such as
the American Petroleum Institute (Volcovici). While burning LNG emits about half as many carbon dioxide emissions
than coal and conventional ship and tanker fuel, it is not a “green” fuel. Extracting natural gas also requires fracking,
a controversial technology due to its destructive environmental impacts and its cumulative impacts on neighboring
communities which are also often frontline communities, baring disproportionate burdens (Lorenz).
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RNG is another gaseous form of natural gas but what
makes it the cleanest form of natural gas is that it
is passively captured from existing waste streams
including food waste, animal manure, wastewater
sludge, and garbage. It does not require extraction,
only repurposing, and is classified as carbon neutral,
making it an attractive energy source. While LNG is
being used more as an alternative fuel for ships, RNG’s
ability to be piped in like natural gas, might make it a
viable option for the Port of Stockton to use in buildings
and hydrogen production.

ADVANTAGES OF NATURAL GAS
The use of RNG has both local and global benefits. On a
larger scale, it relieves some of the need to extract and
refine new fossil fuels. LNG can be considered a carbon
neutral fuel as it harnesses gasses that would have
been released and turns them into energy (Renewable
Natural Gas).
The California Air Resources Board (CARB) rates RNG
– based on the feedstock as neutral or even carbon
negative and also has a carbon intensity rating that is
200 to 300 percent lower than battery electric vehicles
powered by renewable energy (Correction). Aside from
heating and transportation, RNG can also be used to
create hydrogen through gasification which might be
of benefit to the Port given the existing biomass facility
and search for low and zero emission fuels.
Acquiring RNG is half of the battle but the existing
onsite production of it may aid in offsetting costs. The
Port of Seattle announced a partnership with U.S. Gain
in early 2020 to use RNG to heat the Seattle Airport and
power the bus fleet. The Port of Seattle expects this will
help them meet their goal to reduce carbon emissions
by 50 percent nearly a decade earlier than their target
(Voegele). U.S. Gain, Keller Canyon RNG Project, and
Forward RNG Project are all potential partners for the
Port of Stockton. The latter two are RNG production
facilities in development near the Port of Stockton and
are part of the Coalition for Renewable Natural Gas
(RNG Production Facilities).
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DISADVANTAGES OF NATURAL GAS
One of the disadvantages of RNG is the uncertainty of availability and therefore pricing variability. Should RNG scale
up significantly, buyers will be competing for a limited supply. It could become more expensive or even difficult to
acquire. There is also the issue of replacing feedstocks. For instance, in California, animal manure is currently used as a
fertilizer; the price of using that for RNG will partly depend on the market price of synthetic fertilizers as a replacement
(Rosenfeld et al.). These disadvantages might be offset by California’s progressive policies and aggressive/ ambitious
carbon reduction targets. One major example of emerging policies is the pending vote on an RNG pilot program tariff
Southern California Gas and San Diego Gas & Electric (Balaraman).
Multiple market mechanisms are also in place, including the Low Carbon Fuel Standards (LCFS) and the Self-Generation
Incentive program, might help expedite the production and commercial use of RNG (Rosenfeld et al.). The LCFS program
will also allow the Port to utilize the new charging stations for the production of credits that the Port can then sell to
other fossil-fuel- dependent industries needing to stay within California’s cap and trade regulations.
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CONCLUSION
There is no single solution to reach zero emissions and there is certainly no guarantee with any of the emerging
technologies here. Any initiative to reduce emissions, especially in a fiscally responsible way, will likely require more
than one low or zero emission fuel and even a bit of educated betting. Hydrogen, in an ideal situation, could be zero
emission and even low cost if produced onsite at the Port’s biomass facility. The uncertainties around scaling potential,
most suitable uses, and startup costs leave some gray area for hedging long-term business decisions.
Electrifying a fleet of vehicles or a building might significantly reduce emissions and energy costs by up to half. The
upfront costs for installing charging stations and acquiring the vehicles are a concern, similarly to hydrogen. California’s
rebates and incentive programs might be enough to make it worthwhile for the Port of Stockton but will require more
financial research.
Finally, RNG is certainly a rising star in the low emission fuel industry due to its cohesive nature with existing natural gas
pipelines and its lower cost due to the fact that it is already a biproduct of existing waste streams. The price variability
depending on availability post-scaling and on other materials like fertilizers prevents guarantees about this low emission
fuel as well. The only smart solution right now is going to be a combination of technologies in tandem with strategic
partners to utilize the right incentives, existing technologies at the Port, and future projections of the Port’s needs.
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