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automation rates average in the range 
of 85~95%.  For high automation rate 
projects, one operator to multiple 
control system operations are 
regularly conducted to reduce the 
demand for operators. 
Sway control: real time LiDAR scanning v

is used to provide closed loop bucket 
sway feedback to the PLC control 
system, developed in a joint venture 
between ICRAS Motion Control 
Solutions and Shanghai Rays; this can 
automatically handle sway dampening 
controls as well as warn the user of 
unexpected motions during automation.      

The visual control systems deliver these 
kinds of results while providing added 
layers of safety monitoring.  By leveraging 
its experience in electric control systems, 
Shanghai Rays fine tunes the control 
systems to avoid unnecessary wear and 
tear due to excessive force during 
operation. 

 
3.  THE DIGITAL YARD SYSTEM (DYS) — THE 
BRAIN BEHIND OPERATIONS 
Beyond individual cranes, the Digital Yard 
System (DYS) integrates UAV-based real-
time data, historical trends, and predictive 
planning to optimize entire port 

operations.    
Multi-sensor fusion combines drone v

scans, gantry-mounted LiDAR, and 
GPS to create a live 3D digital twin of 
the stockyard. 
Automated pile detection calculates v

storage capacity, identifies available 
space, and suggests optimal material 
stacking. 
Real-time synchronization with v

production logistics ensures precise 
cargo matching. 
Integration with production v

logistics and real time machinery 
automation information enables 

Ship-unloader.

Ship-unloader pile.

Bucketwheel reclaimer.

3D LiDAR scan of a ship during unloading.

3D LiDAR scan of a ship during unloading.
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data-driven planning both in real time 
and in long term. 

 
REAL-TIME TRANSMISSION & PROCESSING 

Live data streaming from drones to v

ground servers. 
Fast 3D model generation via fused v

Lidar, IMU, and camera data. 
Automated pile detection updates v

inventory records within minutes - not 
hours. 

This minimized latency in data processing 
ensures port operations always have the 
most up-to-date view for decision-making.    

 
CONCLUSION: THE FUTURE IS AUTONOMOUS 
The shift from IoT to AoT is not just about 
technological advancement, it is about 
redefining safety, efficiency, and precision in 
industrial operations. 

Safer ports: no more risky manual v

operations. 
Faster operations: data-driven planning v

and improved efficiency of control. 
Transparent logistics: real-time v

tracking from ship to stockpile and 
beyond. 

 
With crane automation and its digital yard 
system, Shanghai Rays is transforming ports 
into smart, self-optimizing hubs of the 
future. 

 
ABOUT SHANGHAI RAYS ELECTRONIC & 
TECH CO., LTD 
Shanghai Rays is committed to becoming a 
leading provider of intelligent solutions for 
port machinery in the world.  Its automated 
solutions have been achieved in many bulk 
cargo projects, such as stacker-reclaimers, 
stackers, reclaimers, ship-unloaders, 
shiploaders, portal crane unloaders, train 
loaders and so on.  Its automation can 
achieve ‘co-ordinated automation among 
multi cranes’, which means one person can 
monitor and operate multiple cranes at the 
same time.  In this way, Shanghai Rays seeks 
to achieve the goal of unmanned 
operations, crane automation, and 
digitization of yard management.   

Shanghai Rays’ intelligent solutions are 
in operation in many well-known terminals 

around the world, including: Qingdao Port; 
Yantai Port; Bohai Bay Port; Shanghai Port; 
Ningbo Port; Tianjin Port; Shenzhen Yantian 

Port; Dalian Port; Fujian Luoyu Port; 
Bangkok Port in Thailand; and the Port of 
Barcelona in Spain.  Meanwhile, its 
automated system has successful cases in 
domestic steel mills and power plants as 
well as the field of intelligent logistics.   

The company has established a system 
software development centre and a large-
scale remote visualization operation and 
maintenance centre.  Shanghai Rays 
Electronic & Tech Co., Ltd is committed to 
providing high-quality products and  fast 
technical service for domestic and foreign 
users. 
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UAV (Drone) Scans                                   Bucketwheel reclaimer (BWR) scans 
Port-wide perspective                               Localized, real-time updates  
(updated periodically)                                  in high-activity zones 
Captures long-term stockpile changes       Less affected by weather disruptions 
Ideal for strategic planning                         Optimized for immediate operational  
                                                                 adjustments

WHY USE BOTH UAVS AND GANTRY-MOUNTED SENSORS?
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The dry cargo sector relies heavily on 
efficient and thorough ship-unloading and 
cargo handling, and a critical, often 
overlooked, aspect of this process is cargo 
hold cleaning. 

Ensuring cargo holds are immaculately 
clean between shipments is paramount for 
preventing cross-contamination and swift 
vessel turnarounds.  

CLIIN Robotics offers robotic cleaning 
solutions that redefine industry standards 
for safety, efficiency, and environmental 
responsibility. 

 
BACKGROUND: A VISION FOR USING 
ROBOT TECHNOLOGY 
CLIIN Robotics was founded by three 
Danish students on the premise that 
sustainability and operational cost improve -
ments can be achieved simultaneously 
through the use of robot technology.  

With a strong background in industries, 
shipping and vessel coating, the founders 
set out to develop a versatile robotic 
system that would address critical pain 
points in heavy industries, particularly 
shipping and oil & gas.  

Headquartered in Copenhagen, 
Denmark, CLIIN Robotics has rapidly 
expanded its global presence, with agents in 
shipping hubs such as Singapore, India, 

Japan and Greece. 
 

CUSTOMIZE YOUR ROBOT  
The CLIIN Robot is a versatile magnetic 
crawler robot, built with highly durable, 

non-corrosive materials.  Its patented 
magnetic support system and tracks ensure 
exceptional adhesion, allowing it to navigate 
even challenging surfaces, including 
obstacles and cleaning in hard-to-reach 

Advancing efficiency and sustainability in cargo handling

Cleaning up coal 
from the hold of 

a bulker.

CLIIN Robot 
in operation.
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areas.   
The robot is equipped with a tooling 

plate for attaching different tools or gear 
on top. 

The robot performs industrial cleaning 
and inspection jobs that require working at 
heights, and with customized tools, the 
robot can simplify jobs across industries.  

CLIIN Robotics specializes in cargo 
hold, tank and hull cleaning.   

 
THE CLIIN CARGO HOLD ROBOT (CHR): 
REVOLUTIONIZING CLEANING OPERATIONS 
At the heart of CLIIN Robotics’ offering for 
the cargo hold market is the Cargo Hold 
Robot (CHR).  

The CHR is fully functional on topside 
tanks (angles up to 60°), between and 
behind frames, on hopper tanks, stools 
(angles up to 75°), and front corrugated 
bulkheads.  

The robot is compact enough to fit 
between cargo hold frames, and it is easy to 
handle, requiring only two people for 
cleaning operations, which reduces the 
need for an extensive crew. 

The CHR uses high-pressure fresh -
water cleaning, eliminating the need for 
the use of harmful chemicals in cargo hold 
cleaning.  

This single-step freshwater process 
significantly reduces environmental impact 
and the generation of hazardous sludge.  
With an in-line heater for the water, it is 
possible to reach temperatures up to 60° 
Celsius, to tackle more stubborn residues. 

The versatility of the CHR is enhanced 
by its modular tool mounting system, 
allowing for various cleaning attachments. 

This enables the CHR to effectively clean 
most cargos, including demanding materials 
such as coal, iron ore, cement, and other 
bulk materials.   

 
DRY CLEANING FOR CEMENT CARGO HOLDS 
Cleaning a cargo hold after cement is an 
extremely difficult and costly task. 

If you use liquids, you will end up with 
solid rock instead of a clean hold.  Using 
cherry pickers and manpower results in a 
costly solution. 

This challenge has led to the 
development of a new specialized brush, 
designed to dry clean cement cargo holds.  
At present, CLIIN Robotics is the only 
provider worldwide who can offer dry 
cleaning of cement. 

The cement brush easily attaches to the 
robot through a simple clip system.  

The innovative air-driven brush tool 
with four brushes and a pressure reduction 
valve, for effective dry cleaning, also 
reduces dust, ensuring a safer and dust-free 
environment, thus safeguarding the well-
being of workers.  

Controlled by a remote control, the 
CHR robot can be operated from a safe 
distance on the ground, minimizing 
exposure to harmful cement dust.  

Additionally, the cleaning operation 
reduces the need for cherry pickers and 
minimizes the number of personnel 
involved. 

Cleaning cement has historically been a 
significant challenge, but CLIIN Robotics’ 
new Cement Cleaning Tool empowers its 
robot, making the impossible a reality. 

 

STAYING COMPETITIVE: SAFETY, EFFICIENCY, 
AND SUSTAINABILITY 
CLIIN Robotics has a relentless focus on: 

Enhanced safety: by deploying the v

CHR, the need for human workers to 
perform dangerous tasks at heights or 
in confined spaces within the cargo 
hold is virtually eliminated.  This 
significantly reduces the risk of 
accidents and improves the overall 
working environment.  
Unmatched efficiency:  the CHR v

drastically cuts cleaning time by up to 
50% compared to conventional 
cleaning multi-step methods, where 
you have to set up scaffolding and use 
a large team of workers.  This leads to 
faster vessel turnaround times, 
maximizing laden days, and improving 
profitability for shipping companies.  
The robot’s ability to clean even while 
the ship is sailing (with hatches closed) 
further boosts operational efficiency. 
Environmental responsibility: the v

core principle of using only freshwater 
for cleaning, thereby eliminating 
harmful chemicals, positions CLIIN 
Robotics as a leader in sustainable 
maritime solutions.  This aligns 
perfectly with the increasing global 
focus on reducing the shipping 
industry’s environmental footprint and 
adhering to stricter regulations. 
Technological innovation: continuous v

development in collaboration with 
customers is a cornerstone of CLIIN 
Robotics’ strategy.  The development 
of cement brush tools was a clear 
result and demonstrates CLIIN 

The CLIIN Robot makes quick 
work of residual cement.
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Robotics’ flexibility and commitment 
to continue solving the challenges that 
its customers face.  
User-focus:  the CHR is designed for v

ease of use.  It is easy to operate by 
the vessel’s crew, requiring minimal 
training.  This empowers crews to 
manage cleaning operations in-house, 
reducing reliance on external cleaning 
contractors and further driving down 
operational costs. 

 
SHIPPING INDUSTRY STEERS TOWARDS 
NEW HORIZONS  
The shipping industry is undergoing a 
significant transformation, driven by an 
increasing focus on sustainable and safe 
maritime practices.  

Shipping operator Royal Wagenborg has 
invested in cargo hold robots to perform 
its cleaning.   

Andreas Beikes, Cargo Superintendent 
at Royal Wagenborg, shared his experience: 
“The CLIIN robot has truly transformed 
our cargo hold cleaning operations.  We’ve 
enhanced not only safety and sustainability 
but also seen a significant boost in 
efficiency.  It’s incredibly easy to use, 

allowing our cleaning crews to operate it 
effectively, which means we are now able to 
leave port a whole day earlier than before.”  

 
OUTLOOK 
THE FUTURE OF CARGO HOLD CLEANING IS HERE: 
ARE YOU READY? 
Industries everywhere are embracing 
advanced automation using robots and the 
cargo hold cleaning is next.  

Outdated and dangerous cleaning 
methods are a thing of the past; it’s time to 
embrace the possibilities that robotic 
cleaning solutions offer. 

Invest in a safer and more sustainable 
future and gain new levels of performance 
and a strong return on investment. 

 
FACTS 

Cleaning capacity: covers 500-v

800m2/h. 
Weight: 89kg. v

Dimensions:  L747mm x W562mm x v

H310mm. 
Power requirements: operates on v

100–-240V, 13A+ at 50–60Hz with a 
high-pressure system. 
Pressure resistance: successfully v

passed submersion tests up to 60 
metres in repeated cycles, crash 
testing at depths exceeding 100 
metres, and IP69K high-pressure steam 
washing. 
Submersible endurance: proven v

reliability with over 4,000 hours of 
continuous underwater operation. 
Vertical lifting capacity: capable of v

lifting up to 250kg vertically. 
Impressive torque: boasts a peak v

torque of +1,800Nm, surpassing that 
of modern electric cars. 
Durable construction: crafted in v

Denmark from advanced, non-
corrosive materials including duplex 
stainless steel, titanium, carbon glass, 
reinforced polymers, ensuring long-
lasting performance and resistance to 
chemicals. 
Impact testing: achieved IK10 rating. v

Tested with a 1,000g mass dropped 
from 400mm onto light-transmitting 
parts, and from 700mm onto 
connectors. 
Extreme temperatures: the robot v

was tested for 672 hours at 80°C and 
for 24 hours at –25°C.

Cleaning petcoke 
from the walls of 

the hold.
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Since delivering the first bucket elevator 
(BE) type continuous ship-unloader (CSU) 
in 1978, Sumitomo Heavy Industries 
Material Handling Systems has remained at 
the forefront of the industry.  Through 
continuous innovation, its machines have 
consistently demonstrated high unloading 
efficiency and reliability, securing its 
position as a top player with 85 units 
delivered or under construction, primarily 
for the power generation and steel sectors.  
Sumitomo Heavy Industries’ success in 
handling challenging multi-materials like 
iron ore and coal with its BE type CSU has 
been particularly notable, earning the 
company significant trust from its 
customers. 

Over the past few years, the company 
has been delivering 1,500tph (tonnes per 
hour) of high-performance BE type CSUs 
to coal-fired power plants in Japan.  This 
equipment is highly valued by customers 
for its high cargo handling efficiency and 
excellent reliability.  It helps reduce 
operating costs and the burden of 
maintenance, and improves long-term 
customer satisfaction by enabling stable 
operation under strict conditions.  In 
addition, the BE type CSU provides peace 
of mind to Sumitomo Heavy Industries’ 
customers with regular maintenance and 
support.  As a result, many domestic coal-
fired power plants continue to choose its 

products as proof of trust. 
The company also has experience 

delivering a 1,200tph bucket elevator type 
continuous unloader tailored for unloading 
coal barges for PT. Semen Tonasa, located in 
Sulawesi, Indonesia.  This project 
exemplifies Sumitomo Heavy Industries’  
ability to meet the specific needs of 
international clients with reliable and high-
performance equipment. 

Regarding high cargo handling efficiency, 
the ‘swing’ mechanism reduces the 
remaining load on the bottom of the ship 
and minimizes the work of heavy 
machinery on board.  Although lifting 
bottom cargo can lower overall efficiency, 
our BE type CSU employs this ‘swing’ 
mechanism to mitigate inefficiencies by 
addressing the handling challenges of 
bottom cargo. 

In addition, the hydraulic system has 
many consumable parts, complex 
mechanisms, and a high risk of failure, so 
the BE type CSU drives most of its 
functions electrically, improving 
serviceability.  Therefore, reliability is 
enhanced through improvements based on 
many previous operational performances. 

The demand for screw unloaders for 
power plants using wood biomass as fuel is 
still high in Japan.  As a result, Sumitomo 
Heavy Industries’ vertical screw type 
continuous unloader (VSC) has been active 

as the company’s main product.  With the 
expansion of the use of wood biomass, 
efficient and reliable cargo handling systems 
are required in power plants aiming for 
sustainable energy supply.  The VSCs are 
especially capable in transportation and 
durability, playing an important role in 
supporting a stable supply of biomass fuel.  
Against this background, Sumitomo Heavy 
Industries’ products have been introduced 
to many power plants and are highly 
trusted within the industry. 

From now on, Sumitomo Heavy 
Industries would like to actively provide its 
products not only to the domestic market 
but also to overseas steel and power 
plants.  In areas where infrastructure 
develop ment and environmental 
regulations have been strengthened, 
especially in Asia and Europe, the number 
of situations requiring high-performance 
equipment from Sumitomo Heavy 
Industries is increasing.   

In these markets, Sumitomo Heavy 
Industries believes that the efficiency of 
power generation and steelmaking using 
coal and wood biomass is increasing, and 
that its technical capabilities and quality will 
be of great help.  By expanding to overseas 
markets, the company intends to actively 
engage in sales activities with the aim of 
becoming a company trusted by more 
customers.

Sumitomo CSUs — continuous innovation since 1978
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they escalate, minimizing service 
interruptions.  This proactive approach 
enhances equipment availability and 
ensures better operational continuity 
for vessel operators. 
 

Q: What is the biggest misconception when it 
comes to unloading bulk carriers? 

A: Regarding unloading of standard bulk 
carriers, there is always a need to clean 
the holds with manpower and external 
machines as the port cranes or the 
vessel cranes will not be able to empty 
the holds.  The weather could also be a 
factor for delay in cases where the cargo 
is sensitive to water.   

For the traditional gravity vessels this 
will have fewer problems due to the 
steep angles in the hold.  Some manual 
work to clean remaining material will 
most likely still be needed. 

For the MacGregor GravityVibe 
system, all material will be removed 

from the hold without any extra 
efforts.GravityVibe challenges this 
notion by demonstrating that with 
intelligent use of vibration, lower slope 
angles can achieve the same — or even 
better — results.  This approach not 
only enables broader cargo flexibility 

but also reduces structural stress, 
energy consumption, and environmental 
footprint.  Future-ready solutions such 
as MacGregor GravityVibe will make a 
major footprint as a cost-efficient, 
sustainable solution during the lifetime 
of the operation.

Bruks Siwertell has secured an order from 
Italian construction materials specialist, 
Calme SpA, for the delivery of a new next-
generation Siwertell 10 000 S road-mobile 
ship-unloader and the refurbishment of a 
pre-owned Siwertell 10 000 S unloader, 
originally delivered in 2014, which will be 
upgraded to the same advanced, next-
generation standard. 

“Calme opted for our Siwertell road-
mobile ship-unloaders as we have a great 
track-record in similar cement handling 
applications,” says Jörgen Ojeda, Sales 
Director Mobile Unloaders, Bruks Siwertell.  
“We could also deliver on a tight schedule 
and offer robust technical support. 

“Sustainability is a top priority for 
Calme,” continues Ojeda.  “This order 
reflects the company’s ongoing aim to 
invest in advanced technologies and 
environment-friendly solutions.” 

At their undisclosed location, the units 
will face challenging operating conditions, 
including high humidities and an abrasive, 
dusty atmosphere.  “Siwertell road-mobile 
ship unloaders are specifically engineered 
to handle such demands and do so with 
reliability, agility, outstanding through-ship 
performance, and market-leading efficiency 
and environmental protection; the pair are 

an ideal fit,” emphasizes Ojeda. 
The decision to upgrade the pre-owned 

road-mobile unloader to next-generation 
technology means that both units will 
benefit from advanced digital solutions and 
an integrated communications system that 
enables remote access, troubleshooting and 
support.  This can be further upgraded in 
the future if the owners want to take 
advantage of Bruks Siwertell’s latest service 
support packages, which include the use of 
an augmented reality (AR)-kit. 

“This is a very exciting project for us, 

and the delivery scope demonstrates our 
ability to think dynamically and offer 
customized solutions to meet specific 
needs,” he adds.  

Both trailer-based, diesel-powered units 
will offer a rated cement handling capacity 
of 300 tonnes per hour, discharging vessels 
of up to 10,000dwt, and have a double-
bellows system for efficient material 
discharges.  They are fully enclosed, 
eliminating spillage and minimizing fugitive 
dust, and are scheduled for delivery by mid-
October 2025.

Advanced Siwertell road-mobile ship-unloaders specified for strategic 
cement handling project 
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