
Many ports and terminals are looking for 
opportunities to reduce the impact of their 
operations on the environment and to 
simultaneously lower their costs. Increasing 
demands from authorities and society 
generally, and the growing uncertainties 
over energy sources and their costs, has 
resulted in the search for alternative drives, 
not only for cranes, but also for mobile 
equipment used for stacking and container 
transportation at terminals.

During the last decade, the industry 
has presented considerable improvements 
in drive trains for mobile equipment 
operating in container terminals. For 
stacking operations there is a tendency to 
shift towards electric supplied, rail-mounted 
stacking cranes; also, rubber-tyred gantry 
cranes (RTG), so far with diesel-electric 
drives, are increasingly connected to the 
public electricity grid through bus bar 
systems or cable reels with flexible cables.

For rubber-tyred equipment operating 
in a terminal without tracks (terminal 
tractors, automated guided vehicles (AGVs), 
straddle carriers (SCs), reach stackers (RSs) 
and empty (MT) handlers), the standard 
drive train was a diesel engine connected 
to an automatic gear reducer. However, for 
straddle carriers (1970s) and AGVs (2000 
onward), diesel-electric drive trains proved 
to be an improvement with regard to energy 
consumption, speed control, reliability and 
maintenance cost.

The interest in electric drives has 
been heightened by developments in the 
automotive industry; this is a result of 
society’s demand for lower environmental 
impacts  and the uncer tainty over 
developmental costs of fossil energy sources 
and their associated taxes. Diesel price rises 
and increasing regulation has generated 
greater interest in electrically-powered 
equipment, as have green energy sources. 
Terminal operators are aware of these 

developments and have taken steps towards 
more efficient and environmentally-friendly 
drive trains.

Drive train alternatives for mobile 
terminal equipment
There are currently various alternative 
designs for the drive trains of mobile 
equipment at terminals. The most 
common are:
•	 Diesel engine, gearbox and differential 

to the drive axle (terminal tractor, 
reach stacker, straddle carrier)

•	 Diesel engine, hydraulic pump, control 
unit, hydraulic motor, (via differential 
or direct) to the axle(s) (straddle 
carriers and early-design AGVs)

•	 Diesel engine, electric generator, 
control unit, electric motor(s) and gear 
reducer to the axle(s) (rubber-tyred 
gantries (RTGs), AGVs and straddle 
carriers) (see figure 1) 

During the past decade, energy efficiency, 
emission control and concerns over fuel 
costs have resulted in the application of new 
technologies from other industries, such as:
•	 Energy recuperation during vehicle 

braking or load lowering through the 
use of energy storage systems

•	 Electric drive trains supplied from 
on-board batteries that can be charged 
while still in the vehicle or can be 
interchanged either manually or 
automatically

•	 Combustion engines fuelled with less 
costly and/or less polluting fuels such 
as CNG (compressed natural gas) and 
LNG engines

•	 Hybrid dr ives  comprise  of  a 
combustion engine, generator, 
transmission, energy storage device 
and an electric motor. The greater 
number of components in hybrid drive 
trains means a more intricate control 
unit is required to achieve maximum 

reliability. Yet, despite this, their well-
to-wheel (WTW) emissions cannot 
match the more favorable figures of 
full-electric drive trains 

The selection of an appropriate drive train 
for terminal equipment is a complex process 
for terminal managers. On the one hand, 
they want to support societal demands to be 
assessed from pollution figures measurable 
from WTW or, less correctly, tank-to-wheel 
(TTW) pollution figures. On top of well-
known exhaust gasses such as nitric oxide, 
the CO₂ emissions are becoming more 
important from energy sources in mobile 
equipment. The recent interest in CNG 
and LNG-fuelled engines comes from their 
lower CO₂ production per mega-joule (MJ) 
of fuel (compared to regular diesel engines). 
However, the higher efficiency of diesel 
engines partly compensates for their higher 
CO₂ emissions. Overall, the CO₂ emissions 
of CNG/LNG engines is around 15% lower 
than that of diesel engines.

On the other hand, terminal economics 
are equally (or even more) important and 
that is determined by fuel consumption per 
operating hour, fuel cost, maintenance cost, 
availability and cost of provisions for fuel 
storage, fuel supply and safety measures.

In general, a full-electric drive train 
offers the best energy-efficiency and lowest 
maintenance. When the choice includes 
a combustion engine, the modern diesel 
engine is still attractive due to its rather high 
efficiency and the high energy content of 
diesel fuel. CNG or LNG-fuelled engines 
are more expensive and may need more 
maintenance; their fuel consumption in litres 
per hour is somewhat higher. This is often 
compensated for by lower fuel prices.

A total cost of ownership (TCO) analysis 
is a good tool for comparison. Unfortunately 
in many cases, the initial investment is 
misleading when it comes to drive-train 
selection. The straight forward diesel-
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mechanical and diesel-electric drive trains are 
still the most-applied configurations.

As for maintenance costs, availability 
and lifetime, diesel-electric drives have 
already ushered in some improvements, 
but full electric drives have shown their 
superiority in this respect. Lifetimes longer 
than 40,000 operating hours are normal and 
maintenance costs (spare parts, labour) are 
regularly less than 50% of those common 
for diesel-hydraulic/electric drive trains. 
The reduction in parts, especially for full-
electric drive trains, causes a much higher 
availability and often, full-electric mobile 
equipment can achieve more than 6,000 
operating hours per year.    

Battery-electric drive 
characteristics
At the beginning of this century, many 
ports and terminals showed sustainability 
awareness and turned to policies to “reduce, 
reuse, recycle and regulate”. Emissions had 
to be minimised and equipment designs 
were to be eco-efficient, reducing or 

avoiding the use of fossil energy. For many 
decades, full-electric drives were used in 
equipment for internal transportation (such 
was the case with forklift trucks). Recently, 
the automotive industry has given a boost 
to full-electric drive technologies and many 
governments have developed programmes 
for more sustainable transport.

At Terex Port Solutions, the experience 
with diesel-electric drive trains, applied 
in its AGV-transportation systems, 
triggered research aimed at even more 
environmentally-friendly AGVs. Many 
alternatives were analysed, including 
some hybrid drive train concepts and 
full-electric drive trains, supplied with 
either lead-acid or Li-Ion batteries. The 
advantages of full-electric drive trains are 
illustrated in the simplicity when removing 
a diesel-generator and connected AC/DC 
converter (see figure 2). They also have a 
much higher energy-efficiency by avoiding 
the unfavourable energy conversion of a 
combustion engine (see figure 3).

Compared with a diesel-electric drive 

train, the overall efficiency is about two times 
better (see figure 4). The intensive utilisation 
of AGVs with a maximum gross vehicle 
weight of 90t (compared to 1.5t for a luxury 
road car) necessitates a battery capacity of 
over 350kWh; allowing 15-20 operating 
hours, after that, the battery must be 
re-charged or exchanged with a fully-charged 
one. Unfortunately, the required battery 
capacity for AGVs in container terminals has 
so far not been met economically by Li-Ion 
batteries (see figure 5). 

For reasons of economics and design, 
the lead-acid battery today offers the best 
feasible concept and at present there are 
more than 100 battery-AGVs operational 
– all of them with recyclable lead-acid 
batteries. To support a continuous terminal 
operation, an automated battery exchange 
and charging system was developed and 
it proved to be a cost-beneficial concept 
with hardly any influence on a terminal’s 
logistics. In future, Li-Ion batteries may 
become attractive due to their increased 
life-cycles, better energy transfer efficiency, 
low maintenance, reduced investment costs 
and easier environmental disposal.

To avoid battery recharge and/or exchange, 
hybrid drive trains could be a solution, 
however, they have some disadvantages: 
the technology is much more complex and 
expensive and will increase maintenance costs; 
also, the combustion engine reduces eco-
efficiency (see figure 6). Hybrid drive trains 
will never match a full-electric drive train with 
regard to energy-efficiency.

The high eco-efficiency of battery-
powered drives also results in a considerable 
decrease in greenhouse gas (GHG) 
emissions. Compared to a diesel-electric 
drive, the full-electric drive reduces CO₂ 
emissions by 50% (see figure 7). The WTW 
results are based on energy sources used in 
German power plants. Obviously a full-
electric drive train will have zero-emissions 
when using solar, hydro, wind turbine or 
bio-mass power generation.

Three years of experience with battery-
suppl ied AGVs showed increased 
equipment up-times and much lower 
maintenance costs. For Western European 
conditions (diesel fuel costs, electric energy 
costs, maintenance labour costs) the TCO 
analyses made for diesel-electric AGVs 
and battery AGVs (including BES) over 
a period of 15 years, showed a 20% better 
result for the battery AGV (see figure 8); 
this gap looks likely to increase through 
developments in battery technology driven 
by the automotive industry.

Battery exchange and charging 
facility
The charging time for batteries involves 
downtimes (around 6-8 hours for lead-acid 
batteries and 1-4 hours for lithium-ion 

Figure 1: examples of terminal equipment manufactured by terex Port Solutions 
(rtg, agV, Straddle Carrier)

Figure 3 : Favourable energy transfer of lead-acid battery

Figure 2: Simplicity of battery drive train through less components
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batteries applied in heavy-duty transport 
vehicles). In general, the longer the charging 
time and the lower the amperage, the longer 
the battery lifetime. Daytime operations 
like warehousing do not suffer from such 
recharging times as they are executed during 
the night. However, continuous operations 
in container terminals require a 24-hour 
uptime of equipment for which there are 
two possibilities:

•	 Install more equipment to deal 
with discharged batteries (requiring 
30-40% higher investment and larger 
areas for parking and charging)

•	 Create a battery exchange facility, 
preferably with an automated 
battery exchange into and out of the 
equipment. In the case of lead-acid 
batteries, this solution has proved to 
be the more economic for container 

terminals (see figure 9)
The logistical characteristics of automated 

container terminals allow integration 
between logistic control and battery 
recharge/exchange management systems. 
This approach proved that a vehicle outage 
of 6-7 minutes for battery exchange has no 
influence on the transportation performance 
of an AGV fleet. The fluctuating utilisation 
of the AGV fleet even allows the future 
application of smart grid technology to 
benefit from low electrical energy costs 
during low demand periods, or during wind 
turbine surplus periods.

The design of an automated battery 
exchange/charging station requires a systems 
approach between logistics, infrastructure 
and economics, covering battery storage 
capacity, electrical supply (transformer) 
power, maintenance facility, ventilation and 
fire-detection provisions (see figure 10). 
The design should have some flexibility in 
order to adapt to future battery technologies. 
Nowadays, this technology is proven in some 
major terminals and the electrical supply 
from the grid allows long term cost control 
and the potential to apply green energy when 
the power utility purchases solar, hydro or 
wind energy. In that case, terminal transport 
will be a real zero-emission system.

Outlook
A number of developments are likely:
•	 The whole industry will be increasingly 

focused on electric drives due to their 
better control and better sustainability. 
This will result in lower costs of electric 
drive train components 

•	 Battery manufacturers will develop 
batteries with longer lifetimes, with 
lower battery costs resulting from 
economies of scale (such as the Tesla 
Giga-factory) 

•	 Li-ion or other composite batteries 
will be developed with the potential 
for short recharging times

•	 Rising fossil fuel prices and GHG 
emissions directives will further 
encourage the application of full-
electric, battery-supplied drives 

•	 W i t h  t e r m i n a l  o p e r a t o r s 
increasingly interested in acquiring 
complete systems with guaranteed 
performances, system suppliers such 
as Terex Port Solutions may offer a 
total transportation system, including 
installation and commissioning of all 
components (see figure 11)

Conclusions
So far, the lead-acid battery-electric drive 
train is attractive from environmental, 
energy-efficiency, maintenance and economic 
viewpoints and offers the greatest potential 
for high sustainability. The economics of 
battery-electric drives are slightly better than 

Figure 5: Comparison of battery capacity demand for various equipment types

Figure 6: Hybrid drive energy efficiency cannot beat battery drives

Figure 4: Battery drive train doubles the energy efficiency

54   Edit ion 64: November 2014 www.por ttechnolog y.org

Container Handling 



for diesel-electric drives but energy prices 
are changing continuously. At the moment 
in most countries there is a tendency to 
make diesel fuel (and even natural gas) less 
attractive due to their limited sources and 
negative impact on the environment. The 
future increase in sustainable sources (hydro, 
solar, wind, tidal) further supports the 

benefits of full-electric drive trains. Lithium 
batteries may become attractive following 
major cost reductions and proven solutions 
for recharging; this may reduce considerably 
the BES size due to the faster charging or 
might even result in avoiding BES altogether. 
However, in general, the required electrical 
power demand will remain the same.   

Figure 7: Battery agV reduces WtW green House gasses with 50%

Figure 8: tCo and break-even results for two drive trains

Figure 9: details of an automated BeS (terex Port Solutions)

Figure 10: BeS, applied for battery-powered lift-agV
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Figure 11: Summary of transportation System Components

Edit ion 64: November 2014   55 

Container Handling 


