
The latest Clean Air Action Plan (CAAP) 
from the Ports of Los Angeles and Long 
Beach (POLA/LB) has set a goal of zero 
emissions for cargo handling equipment 
by 2030. This has spurred a number of 
responses claiming that this goal will 
require enormous investment costs and 
will be onerous to achieve.

According to the 2015 POLA Inventory of 
Air Emissions, 53% of emissions at POLA/
LB come from yard tractors. If these can be 
effectively converted to electric tractors, the 
majority of the current emissions at the Ports 
can be removed. This article looks in detail 
at the expected costs and benefits of such a 
conversion. 

This analysis will consider a hypothetical 
terminal with 10 quay cranes that is operating 
at a volume of one million moves per year. 
Because electric tractors are still a new 
technology, with few if any widespread 
marine terminal installations at time of 
writing, there is a good deal of uncertainty 
about the inputs. In this analysis both 
“optimistic” and “pessimistic” approaches are 
considered. Hopefully this will assist with port 
looking to determine the most likely near-
term situation.

The first cost to consider is the cost of 
the tractors themselves. In our hypothetical 
example, a terminal with a 10 quay cranes will 
require 100 electric tractors to have seven or 
eight per quay crane in good working order at 
all times. The pessimistic approach says we’ll 
need a few extra electric tractors, 110 total 
instead of 100, to ensure that an adequate 
number are charged to serve peak periods of 
stevedoring demand. The optimistic approach 
says that with big batteries and fast charging 
during breaks, a one-for-one replacement 
of diesel tractors with electric tractors will 
adequately serve the quay cranes. 

COUNTING COSTS
A typical diesel tractor costs about 
US$125,000. The costs of electric tractors 
are difficult to ascertain, but some early 
installations have run at perhaps $300,000 
per tractor. These early sales are from 
companies that are manufacturing very 
small numbers of tractors, effectively 
creating each one separately rather than 
using assembly line production. It seems 
highly likely that the combination of more 
competition from manufacturers, and 
scale economies for both the tractors 

themselves and the batteries that make 
up a large fraction of the tractor cost will 
drive down costs significantly in the years 
to come. 

In the sphere of electric motor vehicles, the 
price of an electric Tesla Model 3 is effectively 
equal to a gas-powered Toyota Camry for 
example, so why should an electric tractor 
cost more than a diesel tractor, in the long 
run? In our hypothetical example, we will 
assume a purchase price of $175,000 per 
tractor for the optimistic case, which still 
represents a $50,000 premium per electric 
tractor versus diesel tractor.

Electric tractors should result in lower 
maintenance costs, to be considered shortly, 
and also longer life spans. Our pessimistic 
usage case, with the fleet of over 110 electric 
tractors, assumes an eight-year life span for 
both diesel and electric tractors whereas 
our optimistic case, with the fleet of electric 
100 tractors, assumes ten years for electric 
tractors.

Electric tractors will need plugs of course. 
This analysis assumes that one plug can serve 
two tractors as they will only need to be 
plugged in perhaps 20% of the time to ensure 
adequate charge when using a fast charge 
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system. So our terminal will need to install 
50-55 plugs at about $2,000 each. The total 
cost for all of the plugs combined is less than 
a single tractor, so the plug-in hardware is not 
a significant conversion cost.

Will our terminal have the trunk line 
capacity to support the additional load from 
electric tractor charging? Given that our 
terminal will already serve a few hundred 
reefers, shore power for ships on three 
berths, 10 electric quay cranes, lighting for 
perhaps 200 acres, and several buildings, 
the incremental power for tractor charging 
is likely to be 10% or less of the current 
electric demand. It is very likely that the trunk 
capacity will be adequate and our optimistic 
case assumes this is true. Our pessimistic case 
adds a $1 million of trunk capacity upgrade 
for the rare case where a terminal of this size 
is very close to its operating limit.

MAINTENANCE SAVINGS
To calculate operating cost savings, we have 
assumed 3,500 annual operating hours 
per tractor. This is fairly light by global 
standards but appropriate for Southern 
California because the labor agreements 
motivate the terminal operators not to 
exceed 16 working hours per day.

Even the most ardent electric vehicle 
pessimist will concede that they offer 
substantial maintenance savings versus diesel 
machines. They have a mechanically simpler 
transmission and fewer moving parts overall. 
There is much less brake wear due to use of 
motor for regenerative breaking. There are no 
special inputs or tuning to ensure Tier 4 diesel 
requirements are met. 

In POLA/LB, all maintenance is done by 
ILWU mechanics, so for this example we 
have assumed $12 of maintenance cost per 
operating hour for diesel tractors. Electric 
tractors range from 50% to 67% of this 
cost in optimistic or pessimistic scenarios, 
respectively. It is worth noting that some 
manufacturers are claiming maintenance 
savings well in excess of our optimistic 
scenario of 50%. 

FUEL SAVINGS
Assuming a diesel burn rate of 2.5 gallons 
per operating hour, and a cost of $3 per 
gallon, a diesel tractor will incur an energy 
cost of $7.50 per operating hour.  Electric 
tractors will likely range between 33% to 
50% of this depending on electric prices 
and options to charge off-peak if terminals 
have time of day dependent pricing 
schemes. As with maintenance, some 
manufactures claim savings of more than 
67% in terms of energy cost.

For our calculations we have assumed all 
capital investments can be financed at the life 
of the asset which is 8-10 years per vehicle 
and 20 years for electric infrastructure, at a 
rate of 5% cost of money. This allows all costs 

to be expressed in terms of dollars per move 
for our example terminal which is doing a 
million moves per year. For example, a $1.1 
million infrastructure upgrade will only cost 
$90k per year when financed over 20 years. 
This works out to $0.09 per move.

Overall costs are shown in the chart, see 
Figure 1. The status quo using diesel tractors 
costs just under $9 per container moved. In 
a pessimistic case for electric tractors, a bit 
more than $3 per move of additional capital 
expenditure is required, which bumps the 
overall cost to about $9.30 per move even 
with operating expense savings. In the 
optimistic case, $0.30 per move of additional 
capital expenditure unlocks an operating 
expense savings of nearly $4 per move for an 
overall savings of $3.50 per move.

The current incentivising programme for 
trucking operators that encourages them 
to use off-peak shifts, PierPass. PierPass 
uses a day use surcharge, known as a Traffic 
Mitigation Fee, of about $140 per 40 foot 
container for day shift gate moves at POLA/
LB, which is much greater and begins to 
put the cost of electric tractor operation 
into perspective. Even in the pessimistic 
case, the investments required for tractor 
electrification are trivial in the context of 
overall port operations for terminals in 
Southern California.

It is worth remembering that there are 
many factors may drive down costs of electric 
tractors even beyond the optimistic case 
presented here, including but not limited 
to, significant subsidies in many locations 
port authorities may cover costs for cutting 
emissions, tractor cost should decline over 
time as batteries get cheaper, and new 
electric tractor manufacturers arise. Also, 
many parts of the world have higher fuel 
prices and/or higher annual tractor use hours 
than used in this example analysis, which will 
increase operational expenditure savings per 
tractor purchased.

DISTRUPTIVE
The dawn of the electric terminal tractor 
age appears to be upon us. There are 
multiple vendors selling these machines 
today and even more plan to enter either 
the terminal tractor or over-the-road truck 
market soon, including global automobile 
manufacturing heavyweights like Toyota 
and Tesla. Electric tractors are a disruptive 
technology. Who would want to work at, 
or live next to, a terminal using tractors 
that emit toxic gasses if equipment is 
available that can do the same work with 
zero emissions? Electric tractors seem to 
be on the same trajectory as OCR and LED 
lighting, and will likely be the standard for 
new equipment within just a few years. 
Well before 2030, the marketplace will very 
likely have made diesel tractors as obsolete 
as a Walkman or a VCR.
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Figure 1: Overall Cost Summary
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