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Energy consumption in port terminals can be a significant 
overhead cost for terminal operators. The cost of energy and the 
associated emissions are often viewed as a fixed condition that 
the terminal manager has little control over. This, however, is not 
correct. With the utilization of an Energy Management Program, 
these cost and emissions can be minimized. An initial reduction of 
10 percent in energy cost and emissions is typical with minimal 
capital investment, plus payback in less than two years and more 
than 15 percent return on investment (ROI). 

The importance of an Energy Management 
Program
Alaris has performed several energy assessments at terminals, 
from which we found common areas where efficiency could be 
increased. The most common shortfall was having an inadequate 
energy management program in place. It is difficult to manage 
something that is not accurately measured and monitored with a 
metrics developed on a per-unit basis to measure improvement by. 
The typical components of an energy management program are:

•  Corporate Policy: A one- to two-page document that is 
easy to read and understand for all employees. It should simply 
state the goals and basic framework of the energy management 
program. It lets all employees know that energy and emissions 
are important at the executive management level.

•  Energy Management Plan: This document describes how 
the Corporate Policy is going to be achieved and complied 
with. There can be several Energy Management Plans, as 
different divisions within a corporation may have different 
requirements or operating policies. 

Understanding electrical rate schedules
A terminal’s Energy Management Plan should firstly address the 
understanding of electrical rate schedules, i.e. how the terminal 
is charged for electricity, the total cost for each division and the 
total cost overall. 

There are numerous factors that influence the cost of electricity 
and they vary by region and electrical provider. By managing these 
factors, it is possible to use the same amount of energy but at a much 
lower cost. Some of the variables that influence cost are: time of day 
of use; power factor penalties, ratcheting charges, kWh charges, fuel 
charges, delivery charges and which rate plan is selected. 

Most of the management and maintenance staff we deal with 
during energy assessments don’t understand how the charges 
work and, as a result, additional fees and penalties are incurred 
unnecessarily.

Figure 1 is a breakdown of an electrical utility invoice from an 
energy assessment that we performed. It is clear to see that the 
demand charges are almost as much as the usage charges (fuel 
charge; direct kWh charge), yet the demand charges are typically not 
managed or understood by management or operational personnel.

Understanding where the energy goes
The Energy Management Plan should also increase understanding 
of where, when, and how energy is used. This is the energy 
assessment part, which provides the baseline of energy consumption 
and cost by each piece of equipment or system, as applicable. 

The assessment is also used to develop metrics on a per unit 
of useful work basis (e.g. kWh of energy used per container 
move). Without understanding the existing costs and equipment 
efficiency, it is not possible to perform lifecycle costing that 
includes energy cost. This baseline is used to quantify the cost 
of both operational practices and equipment efficiency. We find 
lifecycle costing including energy cost is typically not included in 
the day-to-day maintenance of a terminal. This leads to the next 
components of an Energy Management Plan: purchasing policy 
and repair-versus-overhaul policy.

The purchasing policy and overhaul-versus-
repair policy
The purchasing policy and overhaul-versus-repair policy are an 
integral and cost-effective part of the energy management plan. 
Having a set of requirements that provide efficiency guidance 
is a cost-effective way of ensuring energy efficient equipment 
replaces older, inefficient equipment. Examples of efficiency 
requirements might be that all electricity-consuming equipment 
purchased must be energy star rated; all motors purchased must be 
of premium efficiency, and so on. For example, the purchase price 
of a motor is typically only two percent of the overall operating 
cost, over the life of the motor. The majority of the operating cost 
is the cost of the energy the motor uses. 

The repair-versus-replace policy should require use of lifecycle 
costing. While it is typically easier to repair existing equipment, 
rather than upgrade to higher efficiency equipment, this may not 
be the most cost-beneficial decision. The most cost-effective time 
to upgrade with energy efficient equipment is when equipment 
requires major maintenance or undergoes failure. 
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Figure 1. Breakdown of demand and usage charges from a sample electrical 
utility invoice.
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There have been significant improvements in lighting, motors, 
HVAC systems, transformers, compressed air systems, and 
refrigeration equipment. Significant improvements have also been 
made in control systems for energy consumption. Automating 
control means equipment is only operated when needed, which 
reduces costs and optimizes equipment efficiency. Control 
systems that improve power factor and control demand cost are 
also available. 

During a previous energy assessment we conducted, an old 
20kW vent fan was found to be running continuously, costing 
$24,086 per year to operate, at an average rate of $0.14 kWh. 
The normal practice was to rewind the motor, as opposed to 
purchasing a new one. The rewind process typically results 
in a one or two percent loss of motor efficiency, increasing 
the annual energy cost from $270 to $540 per year. If a 
new premium efficiency motor were purchased instead of 
rewinding the existing motor, savings of at least $1,295 per 
year would be seen. This example has a payback period of 1.54 
years, an ROI of 66 percent, and a 10-year net present value 
(NPV) of $10,435. 

While this example is only a small portion of the energy 
consumed in the terminal and often overlooked, these small 
loads cumulatively are significant. An energy-smart repair versus 
a replace-maintenance plan results in continually decreasing 
energy costs.

Training and incentives
Operational policies and changing corporate culture is often a 
significant hurdle to overcome but is typically one of the most 
cost-effective ways to reduce energy costs and emissions. In 
the Energy Management Plan, this is addressed as training and 
incentives. Once the cost associated with a certain practice is 
known, it is easier for employees to see the benefit. 

During an energy assessment we performed, for example, 
the peak demand for electricity in one section of the terminal 
occurred on a day when no cargo was being handled. This was 
a result of the security gate lights being left on and the HVAC 

system not being properly commissioned. This resulted in a 
new penalty being assessed against the terminal for the next 11 
months, costing thousands of dollars in energy and additional 
maintenance costs. Leaving the security lights on also cost an 
additional $3,500 per year in direct energy costs. If automated 
controls were installed, and lighting levels varied between 
required security lighting levels and required operational lighting 
levels, $22,000 would have been saved. For this installation’s 
operational profile, the payback period would be 0.22 years, 
giving a 459 percent ROI and a 10-year NPV of $244,054. 

Worker support and input is critical to a successful Energy 
Management Program. The majority of the workers support a good 
Energy Management Program that is realistic and does not put an 
extra-large burden on the employees. Once they know that energy 
costs and emission reduction is important to the corporation, and 
are given the tools and training to foster the Energy Management 
Program, the employees will continually improve the program. 

Cold ironing versus ship power
Another technology that seems to be the center of conversation 
is plugging-in vessels at the dock. While this is sometimes a good 
strategy and should be part of an Energy Management Plan, each 
situation needs to be reviewed. For the smaller support vessels, 
plugging into the shore power typically makes sense. For ships, 
however, this is not always the case; it depends on where the 
utility power is generated, the fuel source, and the efficiency of the 
generating plant. In the U.S. there are numerous old and inefficient 
coal-fired plants in operation. When emissions are compared 
between the ship and utility generator, shore power can result in 
much higher emissions, particularly of carbon dioxide (CO

2
). 

Figure 2 compares the CO
2
 equivalent in KG/hr produced 

while providing power to a tanker plugged into shore power in 
Virginia, Florida and California. The utility values are compared 
to a typical shipboard Tier 1 and Tier 2 engine emission for the 
same energy consumption. In terms of emissions, the red bar is 
the worst power plant for each state. The orange bar is the state 
average emission level. 

Figure 2. Comparison of CO2 emissions generated by different power sources at the dock.
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Proper utility emissions management would utilize the most 
efficient and alternative energy source at maximum operating 
capacity, with the less efficient and higher emitting source 
providing only surge requirements. 

The World Bank World Development Indicators Database 
records the US average transmission loss at 6.39 percent. This 
results in a 6.39 percent energy penalty, which must be generated 
at the utility in order to achieve the required power supply to 
the vessel. For example, for a 570kW load at the vessel, the shore 
generator must produce 606kW. Resistance in the transmission 
cables and transformers, between the utility generator and the 
vessel, consumes the 36kW difference.

Before port facilities are upgraded to provide shore power 
connections for vessels, an energy assessment should be performed 
on the vessel, and energy management strategies implemented to 
minimize power demand. This will result in lower infrastructure 
cost to outfit the terminal with cold ironing capabilities. 

New technologies, such as dual fuel engines and engine 
exhaust scrubbers, may provide additional alternatives to cold 
ironing. However, before new technology is utilized over the cold 
ironing concept, a thorough study is still required to compare 
both emission and cost benefits.

Conclusion
As an Energy Manager, I always advise clients to establish an 
Energy Management Program if one is not already in place.  
Part of this program is an energy assessment of the terminal.  
This is used to develop a baseline metr ics to measure 
improvement by and perform financial analysis of ECMs. It also 
highlights best practices (human factor), as well as equipment 
and system efficiency.
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