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Welcome to Edition 90, which has a special focus on 
innovations within container handling. This edition sees 
four key companies outline the cutting-edge thinking in this 
area, with it being of especial note that sustainability and 
environmental awareness formed a key theme in many of 
the papers. In fact, it is the core theme of some papers. 

Perhaps this is because of 2020 looming on the horizon 
with sustainability looking to be the core issue of the New 
Year. Or perhaps it’s emblematic of the changing priorities 
that leading supply chain companies now have. Either 
way, it’s pretty clear that we can’t have a discussion about 
modern port equipment, or even the supply chain at large, 
without sustainability being a core theme. 

So in that spirit, this e-Edition sees papers from INFORM 
and AECOM with environmental and technological awareness 
at their core, while the remaining papers look into cutting-
edge new technology and how visibility is changing the way 
we think about global business. 

Such an approach provides you with a holistic view of 
container handling in the present age and forms the last 
publication before our upcoming Smart Ports of the Future 
Event in Rotterdam. 

As with all our events, we are lucky to have a plethora 
of high-quality contributors, both to this edition and in our 
archives that have provided a foundation of fantastic work 
that forms the basis of the conversations at our events. 

Henceforth, bear in mind when reading these papers their 
relevance to the smart digital port of the future, the core 
theme of our event in Rotterdam from the 4-6 of November. 

Richard Joy 
Senior Editor 
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As California seaports near impacted 
communities strive towards zero-
emission operations, owner-operators 
have significant questions regarding 
infrastructure, reliability, maintenance, and 
cost-effectiveness of converting existing 
diesel fleets to fully electric operations. This 
article considers the conversion of diesel 
rubber-tired gantry (RTG) cranes at the 
Port of Oakland where a marine terminal 
operator has opted to convert all its RTG 
cranes to hybrid RTGs. 

For some background on RTG hybridizing, 
the tenant handles 60% of the container 
volume at the Port of Oakland and uses 
13 RTGs to load import containers onto 
drayage trucks. Average annual activity was 
2,172 hours per RTG in 2018. In June 2018, 
the tenant applied for and was awarded 
a $5 million Carl Moyer Program grant to 
repower the RTGs from the Bay Area Air 
Quality Management District, covering 
85% of total project costs; they are now 
in the process of scrapping existing 947-
1063 hp diesel engines to a hybrid battery/
generator set with 142 hp diesel engines. As 
of late September 2019, six hybrid RTGs are 

operational, and all but two hybrid retrofits 
have been delivered. The old diesel engines 
had very high hp and consumed 10-12 
gallons of fuel/hour while the hybrid RTG 
uses about 1.2 gallons/hour. The genset 
operates 45% of the actual RTG run time, 
and regenerative power captured while 
lowering containers provides 20% of the 
battery power. Annual emission reductions 
are 0.1 tons/year DPM, 36 tons/year NOx, 
and 1,200 metric tons/year CO2.

This immediate step affords significant 
emission reductions. We examine the pros 
and cons of diesel, hybrid and electric RTG 
cranes, comparing both annualized operating 
(OpEx) and capital (CapEx) costs, and overall 
emission reductions (for DPM and CO2) that 
other operators may achieve by following this 
example and converting to hybrid RTGs.

While we examine the Oakland case 
study, it should be noted that there is a 
great deal of variability in cost categories 
depending on:
• What are the ages and horsepower of 

existing RTGs? The older and larger the 
engine on existing cranes, the more 
emissions can be reduced by either 

hybridizing or electrifying, and the more 
fuel and maintenance savings can be 
recouped.

• How many hours do RTGs operate per 
year? Highly utilized RTG fleets will 
benefit more from full electrification as 
they can take better advantage of OpEx 
savings, while hybrids may be more 
suited to lower utilization operations 
typical at many US West Coast 
container terminals, to avoid high fixed 
infrastructure costs in the near-term. 

• What is the condition and capacity of 
existing electrical infrastructure, and 
how much construction and cost is 
needed to upgrade to grid-connected 
electric equipment? How much digging 
is involved and what is the likelihood of 
subsurface contamination? Some marine 
terminals in California may have surplus 
capacity from recent upgrades such as to 
allow shore power, while others may see 
significant infrastructure costs to expand 
terminal electrical capacity.

We examine four key cost categories: 
equipment purchase, infrastructure CapEx, 
maintenance, and energy. 

HYBRID RTGS 
ON THE PATH TO ZERO-EMISSIONS
Krystle McBride, Transportation Planner; Catherine Mukai, Air Quality and Greenhouse Gas 
Specialist, Port of Oakland; and Diane Heinze, Port of Oakland; California, USA 
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EQUIPMENT CAPEX
To compare equipment CapEx, we assume 
traditional diesel RTGs cost $2M each 
versus $2.15M for hybrids and $2.3M for 
eRTGs. All are assumed to last 20 years for 
annualization purposes.  

INFRASTRUCTURE CAPEX
No new infrastructure is required for 
traditional diesel or hybrid RTGs, while we 
estimated eRTG infrastructure at roughly 
$10M for a fleet of 10 RTGs. The magnitude 
of eRTG infrastructure cost is highly variable 
depending on the condition of the potential 

site and how RTGs are operated. This cost 
is based on an estimate of $11M for a 
project to install 9 eRTGs in San Pedro Bay. 
This cost may seem high to RTG operators 
worldwide, but RTG operations on the US 
West Coast are unique. RTGs are typically 
used only for delivering import containers 
to drayage trucks, with top- or side-picks 
used for export containers and all other 
moves. Additionally, the same container 
stacks are typically served by both RTGs and 
top/side picks at different times, with RTGs 
moving between rows as needed to serve 
gate trucks. This means more infrastructure 

in the form of either cable reels or busbars 
is needed per RTG than a pure RTG (no pick) 
operation. This sharing of space between 
RTGs and picks also brings about significant 
issues with regards to eRTG infrastructure 
compatibility with this operating style, 
as picks may cause damage to eRTG 
infrastructure such as the panzerbelt.

MAINTENANCE OPEX
We assumed hybrid RTGs do not 
significantly reduce maintenance costs 
since they require both batteries and 
internal combustion engines, while eRTGs 

Figure 1: Annualized Cost Comparison per RTG. Fixed CapEx annualized at 6% interest.

Figure 2: CO2 and DPM reductions per RTG
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will cut equipment maintenance in half. 
This cost is assumed to be $60/hour of 
operation for both traditional diesel and 
hybrid RTGs, and $30/hour for eRTGs. 
Infrastructure maintenance for eRTGs 
is estimated at 1% of CapEx annually, or 
$100,000/yr.

ENERGY OPEX
Traditional diesel RTGs are assumed to 
burn 8 gal/hr of diesel. This number 
is highly variable depending on RTG 
engine age and horsepower; this figure 
is typical for many RTGs still in operation 
in California. For example, the 2018 Port 
of Los Angeles Air Emission Inventory 
shows that on average RTGs across the 
port burned about 8.4 gallons of diesel 
per operating hour, based on their CO2 
emissions. Hybrids are assumed to burn 
2 gal/hr of operation, while eRTGs are 
estimated at 40 kWh of electricity per 
hour. Diesel (tax-free red-dye) is estimated 
at $3.50/gal and electricity at $0.14/kWh. 
It should be noted than 2.0 gal/hr for 
hybrids is quite conservative compared 
to the tenant’s early results, which show 
hybrid RTGs are burning around 1.2 gal/hr.

Another significant variable is total 
annual operating hours per RTG. Highly 
utilized hybrid or electric RTGs will have 
better cost performance than lightly 
utilized machines, as they can better take 
advantage of their lower operating costs. 
Figure 1 presents cost comparisons for 
two utilization levels per RTG per year: Low 
utilization at 2,000 hours vs. high utilization 
at 4,000 hours. The lower utilization is 
typical of many US West Coast container 
terminals, whereas 4,000 hours is more 
typical of a US East Coast RTG operation 
where RTGs often handle nearly all loaded 
containers (not just gate deliveries). 

Figure 1 shows that for low utilization 
operations, hybrid RTGs may have a cost 
advantage over eRTGs, while eRTGs are 
superior for high utilization RTG operations. 
Both hybrids and eRTGs may be more 
cost-effective than traditional diesel RTGs, 
depending on fixed infrastructure costs 
and level of utilization.

Next, we examine emission reductions, 
and the relative cost-effectiveness of each 
case. Electricity generation emissions for 
eRTGs are based on California state averages 
from the EPA’s eGRID database. DPM 
emissions are assumed to reduce 90% when 

converting from traditional to hybrids, as 
significant emission reductions are achieved 
when installing newer, smaller engines.

Figure 2 shows relative annual CO2 and 
DPM emissions, respectively, for electric 
and hybrid RTGs compared to traditional 
diesel RTGs at 100%.

Figure 2 shows there are substantial 
emission reductions possible when converting 
to either hybrid or full electric RTGs. Table 1 
shows how these compare in terms of cost 
per amount of emission reduction.

Table 1 shows that hybrid RTGs reduce 
overall costs in all cases regardless of 
utilization level, whereas eRTGs save 
money compared to traditional RTGs 
only if they are highly utilized; eRTG cost-
effectiveness is also highly sensitive to fixed 
upfront infrastructure costs that can vary 
substantially from terminal to terminal.  
Finally, the last two comparison columns 
compare the relative cost of emission 
reductions for the hybrid case vs. the 
eRTG case (i.e. the cost to move from the 
hybrid RTG emissions column down to the 
eRTG column in Figure 2). For typical low 
RTG utilization US West Coast operation, 
this incremental emission reduction is as 
much as $1,960 per metric ton of CO2 or 
$19,770 per lb of DPM eliminated with 
eRTGs compared to hybrid, highlighting 

the potential cost advantages of hybrid 
RTGs as a near-term solution.

As a result of the Oakland tenant’s success 
in achieving significant emission reductions, 
the Port of Oakland has identified hybridizing 
of RTGs as a viable near-term strategy to 
achieve significant emissions in their Seaport 
Air Quality 2020 & Beyond Plan, as has the 
San Pedro Bay Ports in their 2018 Feasibility 
Assessment for Cargo Handling Equipment. 
Terminal operators can both save money 
and begin the process of hybridizing existing 
RTG immediately, rather than waiting for the 
results of eRTG pilot projects, studies of how 
eRTGs might be able to function in the unique 
US West Coast operating environments, 
terminal by terminal investigations of 
electrical infrastructure suitability, and long 
permitting processes required to install 
eRTGs. Hybridizing existing RTGs and/or 
purchasing any new RTGs as hybrids will 
result in significant reductions in the near-
term, with minimal disruption to ongoing 
operations or without any changes to 
operational status quo. Hybridizing RTGs will 
result in healthier workplaces for terminal 
staff, cleaner air for local communities, and 
lower climate impacts.

ABOUT THE AUTHORS

Krystle McBride is a transportation planner 
in AECOM's Oakland marine planning 
& simulation group. She has worked 
on dozens of marine and rail planning, 
simulation, design, and sustainability 
projects across North America over the 
course of her career.

Catherine Mukai is an Air Quality and 
Greenhouse Gas specialist with experience 
in air permitting and compliance, land use, 
and CEQA.

Diane Heinze oversees the seaport’s 
environmental work for the Port of 
Oakland.  Together with four staff they 
ensure the seaport maintains compliance 
with environmental laws and regulations 
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Table 1:  Cost of CO2 and DPM Emission Reductions. (Negative = Cost Savings)

RTG Comparison Case Traditional vs. Hybrid Traditional vs. eRTG Hybrid vs. eRTG

Annual RTG Utilization: Low or High eRTG High Low High Low High

$ per MT of CO2 eliminated -$237 -$291 $127 -$295 $1,960 -$317

$ per lb of DPM eliminated -$1,340 -$3,690 $772 -$3,590 $19,770 -$3,195

MORE AECOM TECH PAPERS
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One happy day, the mining automation 
focused indurad met with an Container 
Terminal and exchanged technology insights 
about automation concepts and sensor 
technology. The sea terminal described 
their needs in automation and indurad was 
surprised that there is little automation in 
the rail terminals and on their Cantilever 
Rail Mounted Gantry Cranes (CRMG). 

indurad accepted the challenge and 
provided a tracking and tagging system for 
the terminal. This enables the tracking of 
personnel and vehicles in real time. The 
information is used to route container 
moves and to prevent too close proximity of 
containers to humans. 

As the first project was successful, indurad 
founded Yardeye, a subsidiary focusing 
only on container terminal automation. 
In the next steps, Yardeye developed an 
automation middleware between the 
TOS and the Crane controller in order to 
complement their offer to the industry. 

Intermodal terminals are difficult to 
automate as their operations have several 
stakeholders working in the field. Thus, it 
has been a challenge to automate without 
losing productivity. In the last three years, 
indurad and their specialized daughter 
company, Yardeye, successfully automated 
three intermodal yards, one in a major 
Canadian Sea Terminal and two US American 
Hinterland Intermodal Terminals. 

An intermodal terminal is a complex 
operation with multiple personnel 
performing different distinct tasks to 
efficiently and safely move containers in the 
same workspace. This is not ideal but it is the 
only way an intermodal terminal can achieve 
the productivity and efficiency to make rail 
intermodal transportation commercially 
attractive. It starts with the commercial truck 
driver that brings containers into the terminal 
and receives instructions to proceed to a 
designated spot. The crane driver picks up 
the container and lifts it to a railcar that has 
been designated by the terminal operating 
system. Once the container is placed, an IBC 

(Interbox Connector) needs to be placed on 
top so that a second container can be placed. 
Once this placement is done, the IBCs need 
to be locked. At the same time, inspection 
and possible minor repairs are performed on 
the railcars. 

 The following chart shows the personnel 
that may be or are near to an operational 
intermodal crane lifting containers. A 
container on the spreader is defined 
by Occupational Safety and Health 
Administration (OSHA) Regulation 29 CFR 
1910.180 as a suspended load. According 
to this, no personnel may be in the danger 
area below or near the container-spreader 
combination.

In order to reduce the number of 
personnel exposed to the hazards associated 
with container handling in an intermodal 
rail terminal, the customer wanted to semi-
automate container handling cranes and 
move the crane operators into a terminal 
building. This resulted in the need to ensure 
automated container handling cranes did 
not move a suspended load over personnel 

or a manned vehicle. In a terminal with 
operating personnel in the cab of the crane, 
responsibility for ensuring personnel are 
not under a suspended container load 
rests with the crane operator and with 
the people on the ground in the vicinity of 
container-handling cranes. The customers 
wanted to remove the operators from 
the crane cab and allow automated crane 
motion in portions of the operating area. 
This necessitated a system with very high 
accuracy, reliability, and availability closely 
integrated with the crane operating system 
to:
a)  Accurately and reliably track personnel 

(vehicle) location in the Rail Processing 
Area (RPA)

b)  Provide the vehicle with a “safety halo”
c)  Continuously feed personnel location to 

the crane systems
d)  Develop and implement crane slow 

down and stop distances, and
e)  Provide an intermediate layer to 

direct work orders from the terminal 
operating system to the cranes.

UNITING HUMANS AND ROBOTS IN 
INTERMODAL WORKSPACE
Dr. Christian Augustin, Co-Founder, Yardeye 
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Whenever a CRMG is automated or 
even remote controlled, the responsibility 
from the operator in the cabin goes to an 
algorithm or to a remote-control station. 
Also, remote control and automation go 
hand in hand in a semi-automated process 
flow. Thus, it is of extreme relevance that 
the information of personnel and vehicles 
working in the intermodal area is at easy 
disposal at the remote control station. 
What has been the eyes of the operator 
in the crane needs to be “automated” and 
covered by technology. Several technologies 
might be generally used for this. However, 
a proven track record shows that RTLS 
(Real Time Location Services) are the most 
reliable source. This is because vehicles and 
personnel are tacked and tracked in real 
time. The Yardeye system can be considered 
innovative, as it uses three different 

frequencies and two different algorithmic 
approaches to measure the position in real 
time. Previous approaches with GPS only 
failed because of a lack of redundancy and 
the dependency on a WiFi communication 
channel. Optical system failed because 
of a lack of ability to distinguish objects 
and to track them. Several approaches 
with thermal cameras also failed due to 
shadowing of containers, etc.

KPIS AND TARGETS FOR THE PROJECT 
WERE:
a)  Comparable amount of lifts per shift – 

so no productivity reduction
b)  Reduced process variability – so more 

stable lifts per hour distributed over 
the day, less dependency on operator 
concentration level / fatigue and 
environmental conditions (rain, night,…)

c)  A 50% reduction of terminal personnel 
from the direct terminal operating 
environment into an office building

d)  Improve terminal and truck driver 
productivity

e)  Implement the automation system and 
the safety system while operating the 
terminal. The terminal was not shut 
down during the commissioning phase. 

Safety targets from the customers to 
Yardeye and the crane supplier were: 
a)  A quantifiable reduction in incidents of 

back stress by providing crane operators 
with a more ergonomic environment.

b)  Reduce the risks associated with 
climbing a ladder to a crane cab in all 
weather conditions

c)  Remove the need to evacuate 
personnel from crane cabs during 

YARDEYE  
IN ASSOCIATION WITH PORT TECHNOLOGY

PERSONNEL JOBS PERFORMED RISKS, ESPECIALLY 
LIKELIHOOD OF 
PROXIMITY TO 
SUSPENDED LOAD  

RISK 
MITIGATION 
MANUAL 
INTERMODAL 
CRANE MODE 

RISK 
MITIGATION IN 
AUTOMATIC 
INTERMODAL 
CRANE MODE 

TECHNOLOGY SAFETY 
IMPROVEMENT 

COMMERCIAL TRUCK 
DRIVER 

Provide containers on 
their chassis for pick 
up or drop by 
intermodal crane 

Depending on their 
position.  

Operator needs 
to see driver 
standing 
outside truck 
cab.  

Operator needs 
to see driver 
standing 
outside truck 
cab  

Camera Yes – multiple 
views allow 
detecting 
second driver in 
cab / around 
chassis.  

LOAD DISPATCHER 
/FOREMAN 

Dispatch from office  Only if in field  To be seen by 
crane operator 

Uses tagged 
vehicle – thus 
protected 

Yardeye Yes.  

CRANE DRIVER Driving Crane Suspended Load: low; 
back-stress, trips and 
fall 

None Full remote 
control station 

Yardeye Ergonomic 
improvement  

IBC CONE KART / 
GRUNT DRIVER 

Opening and Closing 
Twistlocks 

High Manual 
Operator 
observes 
Vehicle 

Crane path is 
optimized to 
avoid vehicle, 
stop / interlock 
of Crane, active 
warning of 
driver Cone 
Cart Driver 

Yardeye Massive as 
automatic 
interlock if too 
close proximity 

TTX INSPECTION FRA required railcar 
inspections to be 
completed in the 
intermodal operating 
area 

 High Manual 
operator 
observes 
people and 
vehicles 

Crane path is 
optimized to 
avoid vehicle, 
stop / interlock 
of Crane, active 
warning of 
work vehicle 
driver 

Yardeye Massive as 
automatic 
interlock if too 
close proximity 

ROAD AND RAIL  
PERSONNEL 

Movement of railcars 
in the crane 
processing area 

Moderate Manual 
operator 
observes 
people and 
vehicles 

Crane path is 
optimized to 
avoid vehicle, 
stop / interlock 
of Crane, active 
warning of 
work vehicle 
driver 

Yardeye Massive as 
automatic 
interlock if too 
close proximity 

MANAGER Supervise operations 
in the rail processing 
area 

Only if in the field Manual 
operator 
observes 
people and 
vehicles 

Uses tagged 
vehicle – thus 
protected 

Yardeye Massive as 
automatic 
interlock if too 
close proximity 
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rapidly developing severe weather 
(Florida summer thunderstorms)

d)  Provide for enhanced truck driver safety
e)  Safety for maintenance people working 

on the ground 
f) Safety for anybody else on the ground.

SOLUTION DEPLOYMENT
The project implementation was a challenge 
– as it is common for these projects between 
Research and Development. That was clear 
to the parties from the beginning. Additional 
challenge was the implementation while the 
terminal was still operated. As the human 
brain and even experienced project teams 
cannot foresee all challenges, especially in
automation projects, the project execution 
took in total 24 months from planned 18 
months. An exceeding of the project time 
by factor 25% is not uncommon in these 
kinds of projects due to the fact that the last 
automation mile is usually full of challenges 
and time-consuming programming work to 
deal with the exceptions.

RESULTS
The overall results of this project met or 
exceeded the requirements of the customer. 
Additionally, the safety and productivity 
gains of the automation project were 
not possible without the final integrated 
Yardeye solution. The results from a period 
of twelve months in full operation are: 
1. The total number of personnel required

to operate the terminal was reduced by
33% (according to the customer) while 
also adding an additional crane (a 4th 
crane was added in conjunction with 

the automation). Moving the crane 
operators inside to a remote operating 
station (ROS) allows pooling the crane 
operation of the semi-automated cranes 
such that 1 or 2 operators are required to 
operate all 4 cranes.

2. The number of personnel operating 
outside on the terminal grounds was
reduced by 50%. By moving the crane 
operators inside instead of eight people
outside, only four are needed outside in
an average shift. 

3. Terminal productivity improved 43% 
(according to the customer).

4. All cranes operated from the terminal
building. Operators have a comfortable 
and ergonomic operating station. They 
appreciate their new workspace and 
find it a massive improvement compared 
to the operator cab on the crane. This
has led to an improved workforce 
satisfaction. Also the operators work 
together in one room, adjacent to the 
clerical support. Information flow is 
improved, and overall team-spirit has 
been established. This leads to better 
work results. 

5. Truck drivers are serviced more quickly as 
there is no down time in operations from 
shift changes or lunch breaks. Estimate is 
an additional 2.5 hours of crane working 
time each day. 

6. Truck drivers are outside of their cabs 
and visible to the remote operators. The 
available camera angles from the ROS 
are better than the view from the cab.

7. Remote operators are actively 
supervising or in direct control of cranes 

during critical portions of the container 
movement. 

8. There have been no recorded instances 
of unsafe container movements since
the solution was put in place. 

ABOUT THE AUTHOR 

Dr. Christian Augustin co-founded indurad 
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Visibility. It’s a word that’s taken on 
significant meaning to shippers and logistics 
providers the world over. Traditionally, 
visibility has meant knowing, at any one 
point in time, where shipped goods are 
within the cargo supply chain. But is this 
really all that it means? Is it enough to simply 
know where goods are? In a landscape of 
increased competition from non-traditional 
integrated technology and logistics players 
like Amazon and Alibaba, as well as rapid 
digital transformation within the maritime 
and port landside segment, the answer is: 
Not really. Not anymore. 

In this new era of supply chain 
connectedness, the concept of visibility 
has expanded to take on additional shades 
of meaning. This includes the synchronous 
flow of information, the ability to use 
that information to accurately predict 
milestones and resource requirements, 
as well as gain prior warning of potential 
problems to proactively manage risk. The 
wider benefits of what we’ve come to know 
as ‘visibility’ has the power to dramatically 
improve the speed at which cargo owners 

can transport and manage their shipments 
across markets, while transforming 
profitability of the sector as a whole. This 
is done through workflow digitisation, 
process standardization and connection of 
meaningful data sets in real time.

VISIBILITY
Cargo tracking technology has been 
evolving rapidly over the last two decades, 
rolling through advances in RFID sensors 
and other tracking hardware, satellite-
based GPS technology, IoT location devices, 
and now the evolution of Blockchain. The 
extent to which these technologies have 
been implemented by the liner and landside 
container transport sectors is largely a 
function of economics and the specific 
needs of BCOs, especially those responsible 
for sensitive or high value cargo. 

The interconnectedness of these tracking 
technology solutions via platform to platform 
eco-systems now presents the opportunity 
for the sector to evolve through the lifecycle 
of the cargo chain, and analyse, predict 
and manage the next set of events in real-

time via straight through digital processing. 
This outcome achieves much more than 
traditional ‘visibility’ which historically and 
typically has only been an outdated time 
stamp of an event in the near past and takes 
management of the cargo chain to the next 
level of its evolution.   

CONNECTIVITY
In our last whitepaper, Platforms and 
Landside Port Community Connectivity, we 
looked at the rise of digital platforms that 
connect the landside and portside sectors of 
the container logistics supply chain. This has 
opened up new possibilities for all players 
to work synchronously and efficiently with 
comprehensive and meaningful data sets. 
Driven by a common data-platform or API-
integrated systems, platform ecosystems 
can now provide deep data linkages that 
significantly improve speed, accuracy, and 
alignment of resources between members 
of a supply chain community in real-time. 

Singapore’s Networked Trade Platform, 
for example, is in the process of 
connecting more than 10,000+ registered 

BEYOND VISIBILITY
WHAT THE NEXT-GEN SUPPLY CHAIN  
MEANS FOR SHIPPERS
Chris Collins, Managing Director, Containerchain, Singapore
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shippers within its portside and landside 
communities to a single, independent, 
integrated transport platform. This 
platform will share information, standardise 
communication protocols and processes, 
and drive an industry-wide lift in operational 
performance. Singapore sees connectivity as 
key to maintaining the country’s competitive 
position as a global trade hub, and is investing 
heavily in digitization and smart logistics. 
By leveraging a common data platform, an 
array of connected devices used in SMART 
transport vehicles and at the terminal gate, 
and process automation across document 
creation and transfer, they are focused to 
achieve this outcome. 

Singapore is but just one example of major 
port communities and governments globally 
recognizing the importance of creating 
connected trade platforms with B2B eco-
systems to facilitate improved and secure 
cross border movement of cargo and in the 
process creating valuable buyer and seller 
marketplaces.    

PREDICTABILITY
Perhaps one of the greatest benefits of this 
new era of digital connectivity and visibility 
is that the flow of information - matched 
in real-time to the physical movement of 
cargo from point A to point B - can be used 
to predict and plan the resources that will be 
needed at each interchange point. 

An example of a solution designed to 
enable more predictability while reducing 
aggravations in the transport system is 
Containerchain’s LIVE solution. An end-to-
end order management, track and trace 
product that aims to eliminate the ‘black 
hole’ of information that has traditionally 
existed in the landside container logistics 
supply chain segment, LIVE’s flow of 
shared, real-time data between BCOs, liner 
companies, land transporters and handling 
facilities means costly and avoidable 
problems like detention and demurrage can 
be resolved before they arise, ensuring that 
the entire cargo flow is managed with more 
precision and with less reliance on manual 
and paper based processes.  

The importance of such solutions in 
providing industry participants with real-
time information in which business decisions 
can be made is increasingly evident given 
existing operating margins within the 
landside segment for some stakeholders is 
already razor thin. 

PROFITABILITY
The ongoing objective to obtain better visibility 
within the container logistics supply chain 
always comes back to one major objective: 
profitability. By smoothing of operational 
peaks and troughs, mitigating risks, 
dynamic, real-time matching of resources to 
requirements, and the elimination of conflict 

within the system the sector is able to run 
more efficiently and profitably overall.

For terminal, depot, and warehouse 
operators this can mean no longer having 
to turn trucks away from gates and docks 
because they’re there at the wrong time, 
or with the wrong information, or having 
yard / facility utilisation bottlenecked due to 
peak capacity constraints. For transporters 
it can spell an end to wasted hours spent 
idling in frustration waiting for the right 
instruction to be received. Additionally, 
yard equipment and other resources such 
as warehouse docks and lift equipment can 
be more profitably managed when these 
facilities have accurate real-time data at 
their disposal to plan asset deployment and 
manage utilization optimally via the use of 
interconnected applications.   

Across Containerchain’s global network 
of customers and users, trucking companies 
have seen their turnaround times improve 
from hours to minutes, double their average 
number of jobs per day and eliminate 
futile trips. Meanwhile, container depots 
and terminals have seen gate overheads 
decrease by as much as 30%, energy costs 
reduce by 20% and find an additional 40% in 
asset capacity utilisation. 

HARNESSING THE TRUE VALUE OF 
VISIBILITY
With rapid digital transformation and 
advances in AI, IoT, platform ecosystems and 
related technologies, our understanding of 
what visibility within the supply chain means 
has deepened. Ultimately, preparedness 
to tap into this new world requires a frank 
and honest review of what participant 
businesses need to make genuine process 
gains, as well as a readiness to share data, 
replace or upgrade legacy systems that trap 
information in silos, and look for solutions 
that can provide straight through end to end 
digital processing. This approach will allow 
business owners and managers to make 
advance leaps in decision making without 
the need for outsize investments in technical 
products and support. 

As industry participants continue to pursue 
a more connected set of digital solutions, this 
allows them to see further, manage better and 
operate more profitably. It enables them to 
unlock and deliver true value added services 
at a time where the promise of traditional 
‘visibility’ is no longer seen as anything other 
than at best a commoditized and expected 
baseline service offering.   
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Artificial Intelligence (AI) is seemingly popping 
up everywhere these days. As a niche AI 
system provider, INFORM has been delivering 
AI solutions for just over two decades, and 
we have found that within the maritime 
sector, optimization modules deliver value 
across terminals. This is because as decision-
making is improved, efficiency is realized 
across the terminal in both the short- and 
long-term. Short-term savings often translate 
directly to the bottom line. Efficiencies such 
as reductions in vehicle travel, crane travel, 
and yard re-handles are the easiest to see 
and calculate. Long-term savings, as well as 
potential revenue increases, can be harder to 
see initially, however. 

Reductions in overall handling 
equipment as well as delaying or avoiding 
new equipment purchases happen slowly 
as operators adjust operational procedures 
to maximize the efficiency gains possible. 
Furthermore, increasing yard, truck, and rail 
handling capacities are intangible results 

that are the byproducts of more efficient 
terminals. All of these long-term outcomes 
deliver significant value, and through 
these activities, there are also strong 
environmental sustainability outcomes 
that can be achieved simultaneously. This 
paper focuses on one optimization module, 
INFORM’s Train Load Optimizer, and forms a 
case study for how strong optimization can 
deliver cost savings while also improving 
environmental performance. 

SUSTAINABILITY IN RAIL OPERATIONS
It shouldn’t come as a surprise that rail has 
been growing since the mid-2000s and is 
forecasted to continue growing well into 
the 2020s. Rail is the most efficient way to 
transport goods over land. When compared 
to truck transportation, rail is 3.5 times 
more efficient averaging just over 184 ton-
km/l (480 ton-mi/gal) of fuel consumption 
compared to around 42 ton-km/l (110 ton-
mi/gal) for trucks. 

The subsequent growth in rail volume has 
challenged our industry to improve the way 
we optimize train load planning. The most 
basic measure considered when planning a 
train is slot utilization. This applies for both 
single and double stacked trains. However, 
as was well articulated in the 2005 research 
paper, “Options for Improving the Energy 
Efficiency of Intermodal Freight Trains” 
by Lai and Barkan1, slot utilization is only 
the most basic measure. Two trains can 
be identical in slot utilization (i.e., number 
of loaded containers) but present very 
different loading patterns and aerodynamic 
resistance. 

To keep this paper legible to the non-
mathematicians out there, essentially the 
“Davis Equation” developed by W.J. Davis 
in 1926 laid the foundation for measuring 
the resistance forces on a train. It has been 
modernized multiple times to account for 
new equipment and track structure, but 
its foundation holds true. It outlines three 

GOING GREEN  
WITH AI
AN INNOVATIVE LOOK INTO INTERMODAL RAIL 
Alex Van Winckel, Dr. Eva Savelsberg, and Matthew Wittemeier,  
INFORM, Aachen, Germany 
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variables that impact a train’s resistance: 
bearing resistance, flange resistance, 
and aerodynamic resistance. In the Lai 
and Barkan study, they identified that 
for intermodal trains traveling at 60kph 
(35mph) aerodynamic resistance becomes 
the single largest factor which impacts a 
train’s resistance (see Figure 1). 

GAP LENGTH IS IMPORTANT
While Lai and Barkan outline several factors 
that impact the individual elements of 
aerodynamics, the paper ends up focusing 
on one in particular – the size of the space 
between containers on adjacent railway 
cars, or, what they term as “Gap Length.” In 
short, the smaller the Gap Length, the more 
aerodynamic a train is. In addition, smaller 
Gap Lengths at the front of the train have 
the largest impact on the trains overall 
aerodynamic efficiency. As an example, 
a Gap Length of 1m (3ft) produced 
approximately 33% less aerodynamic 
resistance compared to one that was 4m 
(12ft) in length. 

TRAIN PLANNING IS IMPORTANT
By matching the load unit size to the railcar 
size (e.g., placing a 40-foot container on a 
40-foot railcar or a 53-foot container on a 
53 foot railcar, et cetera.) significant fuel 
savings can be reached. In the Lai and Barkan 
study, a train with 100 railcars loaded with 
a perfect matching led to a 13% savings in 
fuel consumption over a 166 km (103 mi) 
route when compared to placing the same 
40-foot containers on 48-foot railcars. 
Additionally, there was a 53% reduction in 

fuel consumption when a 40-foot container 
was placed in a 53-foot railcar (see Figure 
2). In short, optimizing your rail load plan to 
assign containers to the most appropriate 
railcar where possible to minimize Gap 
Length is crucial as it leads to a reduction 
in the trains overall aerodynamic resistance 
reducing operating costs. 

GOOD AERODYNAMICS ADD TO THE 
BOTTOM LINE
The study concluded that effective 
aerodynamic planning could save as much 
as 2.4 l/km (1 gal/1 mi) in fuel consumption. 
The US route from Los Angeles to Chicago is 
just over 3,540km (2,200 miles). The price 
of a liter of diesel in the US on 16 Sep 2019 
was listed as 0.776 USD (0.705 EUR). A train 
operator planning their trains for both slot 
utilization and aerodynamic efficiency can 
save approximately 6,500 USD (6,000 EUR) 
on this route. 

For our friends “Down Under,” the new 
Inland Rail being constructed between 
Melbourne and Brisbane will be 1,700km 
(1,100 mi) when finished. On 16 Sep 2019, 
the price of diesel in Australia was listed 
as 1.468 AUD (0.911 EUR). A well-loaded 
train operating on this route would save 
approximately 6,000 AUD (3,000 EUR).

UNDERSTANDING CO2 SAVINGS
In addition to the financial benefit of 
using an optimization module to load a 
train to be as aerodynamically efficient as 
possible given its existing railcar makeup, 
there are environmental benefits as well. 
For clarity, we will focus in this section on 

just the Los Angles to Chicago route. An 
aerodynamically efficient train prevents 
about 22.2 tons of CO2 emissions on the 
Los Angeles to Chicago route. 

To help you understand the impact 
of this, it is important for you to be able 
to understand what preventing one ton 
of CO2 equates to. According to the US 
Environmental Protection Agency (EPA), 
the “average” passenger vehicle emits 
about 250g CO2/km (400g CO2/mi). In 
other words, an average passenger vehicle 
in the US will produce one ton of CO2 for 
every 4,000 km (2,500 miles) driven. On 
one journey, optimization would save the 
equivalent of 88,800 km (55,500 miles) 
of driving a passenger vehicle. In the US, 
that is the equivalent of removing four cars 
worth of CO2 on each journey. 

Another way of looking at the same 
savings is through volume – specifically, 
shipping volume, or twenty-foot equivalent 
unit (TEU).” At room temperature and one 
atmospheric bar of pressure, one ton of 
CO2 has a physical volume of 556.2 m3. 
For those of you familiar with standard 
shipping containers, a TEU has a volume of 
approximately 33.2 m3. In other words, it 
would take just under 16.75 TEUs to store a 
single ton of CO2. The savings from a single 
journey on the Los Angeles to Chicago 
route would fill 372 TEUs with CO2. 

Annually, these numbers stack up quickly. A 
train that is optimized to be aerodynamically 
efficient that runs return, three times per 
week will prevent 6,925 tons of CO2 from 
being produced. That is the equivalent 
of removing 27,700,000 km (17,312,500 

Figure 1 – Train Resistance Variables Impact at Speed
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miles) of CO2 from driving passenger cars or 
removing 1,250 cars annually – and that is 
just one route. Taking the analogy of shipping 
volume, using optimization will prevent just 
over 116,000 TEU of CO2 being produced. 
Interestingly, if you loaded those containers 
onto a single train, it would be about 800km 
(500 miles) in length.

ADD-ON “GREEN” 
INFORM’s optimization modules do not 
replace an existing TOS, but rather work 
in conjunction with them to drive terminal 
efficiency. This “add-on” relationship allows 
terminals to implement the “green” power 
of optimization modules without significant 
changes. While deployment timeframes 
vary from case to case, it is measured in 
months, making it quick in comparison to a 
typical TOS implementation. 

Furthermore, in most cases, optimization 
modules work in the background without 
direct user interaction. Users interact with 
their existing software environment while 
benefiting from optimization with no timely 
retraining required. In many instances, the 
operator’s process and procedures are not 
modified either.

Using INFORM’s optimization modules 
not only offers terminal operators the 
normal optimization outcomes like the 
ability to reduce costs and increase 
resilience. They also simultaneously provide 
terminal operators a powerful resource in 
their arsenal to curb their environmental 
impact and improve their long-term 
sustainability. While this paper has only 
focused on one optimizer, INFORM’s Train 
Load Optimizer, similar benefits exist for 

the entire range of add-on Optimization 
Modules. As shown herein, an investment 
in operational efficiency and cost reduction 
(a win in-and-of-itself) can also deliver a 
measurable impact on sustainability. When 

applied across the terminal, the cost savings 
and environmental benefits add up quickly. 
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Figure 2 – Fuel Consumption vs Railcar Length for Double Stacked 40-foot Container Loads
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