
The size of containerships is increasing 
continuously. After a containership has 
berthed at the seaside of a terminal, the 
STS cranes start unloading the incoming 
containers according to the unloading 
plan. Container terminals are under 
high pressure to handle ships as fast as 
possible against a low price to improve 
their competitive position. The handling 
capacity of a container terminal is 
highly dependent on the number of STS 
cranes and their capacity, as the cranes 
determine the handling time per ship as 
well as the throughput of containers to 
the stacking process. 

During the loading/unloading of a 
containership, two criteria are important: 
the ship’s stability and the number of 

unproductive moves. When more and 
more STS cranes are simultaneously 
executing a lifting movement, peak 
demand and energy-related costs 
increase. For an intermediate container 
terminal with eight STS-quay cranes, the 
peak-related costs can account for up to 
25–30% of total energy costs. 

PEAK SHAVING
Peak shaving implies the lowering of the 
highest observed peak in energy demand 
to reduce the energy-related costs. This 
enables container terminals to lower the 
handling costs of containerships, giving 
them a better competitive position. 
Another advantage of peak shaving is 
that terminals’ energy demand is more 

stable; this is especially important for 
container terminals in countries where 
grid operators cannot prepare the energy 
system for unexpected high energy peaks 
(Duin et al, 2018).

STS cranes are connected to the 
electricity network — for all quay crane 
processes (moving of crane and spreader, 
crane lighting, and auxiliary processes), 
electricity is supplied by the network. 
Vertical movements have the most volatile 
energy demand, showing high peaks for 
hoisting the crane spreader and low falls 
for lowering the spreader, as can be seen 
in ‘Error! Reference source not found’ 
(MSC Terminal Valencia, 2009, field data). 

The gantry (horizontal) movements 
and auxiliary energy consumption are 
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less volatile in character. In  1, the total 
energy consumption for one STS-crane 
is visualized. In total, two peaks can be 
identified for handling a container: the 
first for lifting a spreader and container 
above the ship and the second for lifting 
the spreader after the container is 
positioned in the terminal. When all STS 
cranes in a terminal are lifting at the same 
moment, the potential peak demand 
is very high. It is therefore important to 
visualize the peak demand of a terminal 
while it is handling a containership and to 
investigate the opportunities to reduce 
the peak demand. 

SIMULATION OF THE ENERGY DEMAND
The growing need for container terminals 
to handle containerships as fast as 
possible leads to more automation and 
more simultaneously operating STS 
cranes, with a direct impact to high 
peaks in electricity demand. Because an 
observed peak demand is charged for 
the next 12 months, the highest peak is 
responsible for nearly 25–30% of the 
total electricity costs. This implies that 
higher handling speeds of containerships 
result in more peak-related energy costs, 
leading to higher handling costs. Because 
container carriers require both higher 
handling speeds and lower handling costs, 
terminals are confronted with a dilemma. 
The challenge is therefore to find 
opportunities to reduce the peak-related 
costs without reducing the handling 
speed too much. Researchers from the 
Erasmus University Rotterdam, Delft 
University of Technology and Rotterdam 
University of Applied Sciences developed 
a discrete-event simulation model which 
is constructed to apply the consumption 
model (Geerlings et al., 2018).

RESULTS
Option 1:  Limiting number of lifting quay 
cranes 
If the number of lifting STS cranes is 
reduced, the peak demand decreases, 
as shown in fig 1. What is striking is that 
the handling time does not increase 
in the same proportion. A reduction 
to four lifting cranes leads to an extra 
handling time of 0.37% (i.e. less than half 
a minute per hour). The handling time is 
not impacted significantly because of the 
fact that the maximum peak demand with 
eight cranes (around 19,000kW) occurs 
only briefly. As shown by fig 2, for a peak 
demand of 19,000kW, an energy demand 
of more than 9,000kW occurs only 1.1% 
of the time. Most of the time, the energy 
demand is lower than 9,000kW.

As can be concluded from fig. 1, 
restricting the number of simultaneously 
lifting quay cranes has a positive influence 
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on reducing peak demand. If one looks 
at the impact on cost savings on the 
one hand and handling time on the 
other hand, one can see the most cost-
effective scenario (i.e. yearly savings per 
extra second handling time) and the total 
cost reduction against a particular extra 
handling time. The optimal cost-effective 
implementation is to reduce the number 
of lifting quay cranes to six (eight-crane 
terminal) or five (six-crane terminal) as 
can be seen in fig 3. In these cases, the 
savings per extra second handling time 
are higher than for other scenarios. 

If one looks at the total yearly savings 
against an extra handling time of less 
than 1.0%, the number of quay cranes 
can be limited even more. In the case of 
an eight-crane terminal, this could result 
in a reduction to four lifting cranes. This 
saves $231,500, which is 39% of the peak-
related costs. For a six-crane terminal, this 
would result in a reduction to three lifting 
cranes, which saves $184,000 (reducing 
total peak demand costs by 38%).
Option 2: Results for limiting maximum 
energy demand

To limit the maximum energy demand per 
second, the relation between the maximum 
allowed energy demand and handling time 
(see fig 4) is comparable to the situation 
where the number of simultaneously lifting 
STS cranes is limited. The maximum energy 
demand can be reduced by almost 50% 
(from 19,000kW to 9,000kW), while the 
handling time increases by 0.1%. Only by 
restricting the energy demand too much 
(to less than 6,000kW) does the handling 
time increase by 3–45%.

Restricting the maximum allowed 
energy demand has a positive influence 
on reducing terminals’ peak demand. The 
influence on handling time is only minimal 
when the allowed energy demand is 
reduced by approximately less than 50%, 
whereas it enables terminals to reduce 
their peak-related energy costs hugely.

When the total savings per year are 
divided by the extra handling time 
needed to handle all containers on a 
yearly basis, the savings per second are 
obtained, as shown in figure 5. For the 
eight-crane terminal, there is a clear 
optimum if the maximum demand is 
reduced to 14,000kW. In this case, the 
savings are $167,450 per year, while 
the handling time is 0.01% faster. This 
results in a negative saving of $234 per 
second. Restricting the energy demand 
to 17,000kW, 18,000kW, or 19,000kW 
also results in a negative saving. However, 
in these cases, the total savings are only 
$14,253 to $72,453. Restricting the 
energy demand to 13,000kW gives a 
saving of $298.76 per second, absolutely 
the highest saving seen.

For the six-crane terminal, the highest 
(negative) saving per second is obtained 
by reducing the maximum energy demand 
to 12,000kW (-$214.12 per second) or 
13,000kW (-$137.60 per second), saving 
the terminal, respectively $95,020 or 
$62,951 per year. The highest positive value 
(meaning a saving against extra handling 
time) is achieved by reducing the energy 
demand to 11,000kW. This saves $94.29 per 
second against an extra handling time of 
0.01% and a total cost saving of $127,073.

ANALYSES OF RESULTS
The outcomes show a clear result: it is 
possible to reduce peak energy demand, 
saving up to $296,858 per year against 

a little extra handling time (in some 
scenarios without extra handling time). 
The bigger the restriction of the rules of 
operation is, the larger the effect on the 
operations, as visualized by the number of 
temporarily delayed containers. However, 
since more and more container terminals 
are operating automatically, this can be 
integrated in the terminals’ software. 
The delay of containers should not be a 
problem if one of the rules of operation is 
implemented.

Regarding total cost savings, the 
optimal solution is to reduce the 
maximum energy demand per second 
by 50% of the original highest observed 
energy demand. By doing this, $189,989 
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to $295,671 (40–48% of peak-related 
costs) can be saved annually. The impact 
on terminal operations is small, as the 
extra handling time is only 0.1% and the 
number of temporarily delayed containers 
is 2.2–3.7%. The savings per second are 
$18.44 to $23.88.

If the savings per second extra handling 
time are considered to be more important 
than the total annual savings (for example 
to compensate container carriers, see next 
section), the maximum energy demand 
can be reduced by 30–35% (13,000kW/s–
14,000kW/s) for an eight-crane terminal or 
by 5–15% for a six-crane terminal (12,000 
kW/s–13,000kW/s). Because the handling 
time is hardly affected, the extra savings 
per second are very high, especially 
because some of these scenarios showed 
a small quicker handling time against a 
restricted energy demand.

If the number of lifting quay cranes is 
reduced by 50%, the peak-related costs are 
reduced by approximately 40% (saving up 
to $231,537 per year). The extra handling 
time is only 0.37–0.44% (less than half a 
minute per hour handling time) against a 
saving of $3.51–$7.02 per second extra 
handling time. By reducing the number of 
simultaneously lifting quay cranes by less 
than 50%, the total savings are less, but 
the savings per second do not increase. By 
reducing the number of lifting quay cranes 
by more than 50%, peak energy demand 
decreases even further, but the handling 
time increases drastically. The optimal 
solution would therefore be to reduce 
the number of simultaneously lifting quay 
cranes by 50%.
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