
Angel Martin and Moises Nuñez, 
Cemengal, Spain, present the 
Plug&Grind®, an alternative 
solution for cement grinding and 
packing, with an introduction 
from Dario Del Frate, 
General Manager of Cemengal.

The containerised alternative for cement 
grinding
In recent years, the world has experienced a severe global 
recession, a crisis comparable only with that of 1929, which 
was followed by the Great Depression.

The bursting housing bubble, one of the key factors that 
led to the crisis, paralysed the private real estate sector, 
due to the almost non-existent demand. In addition, the 
gloomy economic environment severely affected public 
investments in infrastructure, with strong impacts on the 
cement market, causing a vicious recessive cycle.

The paralysis hit strongest in North America, with 
an overall growth during the last 4 years (2008 – 2012) of 
-2.5%, Japan with -0.8% and Europe with -0.7%. The impact 
over a globalised economy was noted in most developed 
countries.

Alongside the economic crisis came the ‘Arab Spring’, 
which affected parts of the Middle East and North Africa. 
This further slowed investment in wide areas that used to 
represent a strong market for cement producers. 

This general downturn forced all major cement 
producers to slow down or even stop investments 
worldwide; ongoing projects have been frozen and new 
plants postponed. Last year, the 4.5% growth in global 
cement demand was mostly supported by Chinese and 
Indian consumption gains.

Reduced CAPEX availability and risk mitigation 
have become the compulsory standard when assessing a 
project’s feasibility, both for small and big producers. But 
the world keeps spinning and such challenging conditions 
needed a positive, sustainable response: a simple, yet 
innovative, solution to move ahead in this ever-changing 
environment. 

Adaptation is survival
True to this infallible law of nature and to its mission to 
offer its clients an alternative, Cemengal has worked to 
find the best solution to fit the current market conditions. 
After more than a year of conceptualisation, design and 
optimisation, in March 2012 the company was finally able 
to present the Plug&Grind®: a complete cement grinding 
and packing station, assembled in Spain with European 
components, shrunk to fit eight 40 ft. containers and able 
to produce up to 100 000 tpa of standard OPC cement or 
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60 000 tpa of slag. It can be delivered FOB seven months 
after purchase – and it can be moved. 

The Plug&Grind®, with very low investment costs, is 
a solution for cement producers to test new markets or 
fill up niches and for ready-mix producers and cement 
traders to vertically integrate their businesses. The system 
represents an interesting investment option thanks to its 
small footprint, simplicity of use and maintenance and 
portability. The majority of spare parts will be available 
off the shelf around the globe. Finally, being designed to 
be “self-sufficient” and containerised, as an exit strategy, 
the plant can simply be sold.

The Plug&Grind® leverages the common market 
constraints and turns them into opportunities. Local 
scarcity on the offer side, micro-distribution complexity, 
fiscal issues, or limited yet persistent demand all become 
competitive advantages for the owner of a Plug&Grind®. 
These conditions, which normally represent issues for 
standard business models based on large scale plants are 
addressed and solved by this system. They are no longer 
issues; they are key elements to a successful alternative 
approach to cement production.

Suitable markets for such an installation include 
Sub-Saharan Africa (Ghana grew 14%, Nigeria 7.4%, 
South Africa 3% in 2012 alone), Latin America and the 

Caribbean (5% growth in 2012), Southeast Asia (5.5% 
average growth forecast over the next five years), 
Australia (2% in 2012), Indonesia (6.1% in 2012) or the 
Indian Ocean Islands.

Moreover, the possibility of moving the installation 
opens the door to investments in ‘crowded’, unpredictable 
or risky markets. In case the targeted area is not 
responding as expected, or the political conditions are not 
stable, the system can be moved somewhere else, to chase 
new opportunities or simply protect the value of the asset 
itself. The system has broken the rules in terms of CAPEX 
reduction, portability and quick time to market. 

For all the above reasons, it has been attracting the 
attention of clients worldwide since its launch last year. 

The first two units will start to produce cement this 
summer in Africa and the Middle East.

A containerised system
The Plug&Grind® is composed of eight homologated 
containers, designed and patented by Cemengal to fit the 
complete grinding and packing plant, which come pre-
assembled and pre-cabled from Spain, using European top 
class manufacturers and equipment. 

The following provides an overview of the containers’ 
contents.

Container one: feed bins 
(preassembled)
The first container includes three 
bins to feed three different raw 
materials. The main hopper has a 
capacity of 13 m3 and the two others 
of 6.5 m3, each allowing one to two 
hours autonomy.

Physical characteristics of 
different materials have been taken 
into consideration in the design 
to achieve a smooth material 
extraction. Lining is installed inside 
the 6.5 m3 bins to ensure correct 
discharge of sticky materials, such 
as gypsum or pozzolana. 

As always, for the correct 
functioning of ball mill circuits, 
the total mixture moisture content 
allowed at mill inlet is 1.5%.

As an option, cartridge 
insertable filters with 12.5 m2 of bag 
surface can be installed on the top 
of the hoppers to ensure dedusting 
during the discharge of the different 
raw materials. 

Container two: dosing 
system
The materials stored in the 
hoppers are dosed by means of 
weighfeeders in accordance with 
the required type of cement. The 

Feed bins and dosification.

Bulk load station and control room.

material flows from the feed 
hoppers through the inlet onto 
the 650 mm wide belt and is 
conveyed to the weighbridge. 
Taking into account the conveying 
distance between the weighbridge 
and the discharge point, the 
flowrate is calculated according 
to the belt speed and the load 
measured at the discharge point. 
The flowrate is kept constant 
by the weighfeeder controller 
at the machine discharge point 
by modifying the belt speed 
according to the load measured 
and the setpoint applied.

Through two 500 mm wide 
belt conveyors, completely 
assembled, the raw material mix 
is collected from the weighfeeders 
and transported into the ball 
mill. Calibration of weighfeeders 
is possible due to the reversible 
drive of one of the belt conveyors. 
Both conveyors include double 
scrapers to guarantee that the belts 
are cleaned properly. 

The weighfeeders’ 
instrumentation, local controllers 
and inverters, as well as the 
belt conveyor sensors (rotation 
monitor, belt drift and rope 
switches) and motors, are located 
in the container itself and wired 
to its local box, which is linked to 
the machine control system. The 
control link is made by a wireless 
industry standard network. A 
dedicated emergency stop is 
equipped in this local box for new 
raw material feeding.

Container two comes 
completely preassembled and 
cabled.

The second belt conveyor is one of the few items to 
be installed onsite. Its disposition may vary according to 
the layout requirements of the client. Two combinations 
can be obtained, ‘in line’ or ‘perpendicular’, adding 
greater flexibility.

Container three: ball mill
The container has been especially designed to allow 
a simple set up and alignment of the mill with the 
drive, located in container six. The size of the mill 
(2200 mm dia. x 8500 mm long) has been determined to 
fit into a regular 40 ft. container.

The ball mill is Cemengal’s own design, optimised 
through years of experience in horizontal grinding. 
It is driven by a central drive gearbox and a squirrel 

cage motor with a frequency converter located in 
container six. The mill is supported by spherical roller 
bearings with their own seal, lubricant and shaft locking 
mechanism, preassembled and adjusted in the Spanish 
workshop. To accommodate the high performance 
characteristics of the bearings, Cemengal has designed 
and patented its own housings, which allow either 
grease or oil lubrication.

The mill is provided with two chambers, separated 
by a Magotteaux intermediate diaphragm. The 
Magotteaux Monostep first chamber lining design allows 
a sufficient lifting action to crush the larger material 
that cannot be ground in the core of the ball load, a 
continuous lifting action to avoid projecting balls onto 
shell liners and reduce the dead zone of the ball charge. 

Bulk load station, control room and classifying circuit.

General view.
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The classifying second chamber lining design generates 
a cascading effect and allows the media sizes to be 
matched with particles to be ground along mill length, 
which leads to an efficient attrition rate. Magotteaux’s 
Optimex outlet diaphragm is designed to help optimise 
the grinding process by maximising the air passage area, 
which reduces the pressure drop, ensuring a free passage 
of material due to the innovative design of the frame, 
grates and slots, and overlapping grates to provide 
a tight fit and avoid the passage of grinding media. 
High quality Magotteaux liners and grinding media are 
provided in separate containers included in the package. 

All mill internals have to be installed onsite to limit 
the weight of the container to the standard maximum 
allowance. The installation is a simple operation.

The mill is controlled through an inlet temperature 
and pressure sensors, electronic ear, as well as 
temperature and flow sensors for the mill bearings’ oil 
lubrication. All instrumentation, control and electrical 
consumers come wired to the local box, which is linked 
wirelessly to the machine control system.

Three screw conveyors convey the ground material to 
the separator. The vertical screw conveyors’ length is set 
to avoid intermediate bearings. 

Container four: classifying circuit
Material is introduced from the vertical screw conveyors 
to the third generation separator through feed spouts 
and drops on the rotating dispersion plate on top of the 
rotor cage. From there it descends in the form of a circular 
curtain in front of the rotor blades. Air is introduced 
tangentially through guide vanes into the separating 
zone. The classifier has a compact design to allow 
minimum space for its installation. Its reduced specific 
power consumption, increased grinding efficiency, low 
maintenance and integral cooling capability allow the 
client to save important costs.  Due to its design, less 
particles return to the mill. 

The required target fineness is set by adjusting the 
speed of the separating wheel. Finished product leaves 
the separator together with the gas flow and is finally 
collected in the process filter. 

Coarse particles are rejected by the rotor blades, pass 
the separation zone and leave the separator through 
the discharge device of the tailings cone. An impact 
flowmeter gives the quantity of coarse particles that are 
being rejected. Two screw conveyors carry the rejected 
material to the ball mill.

The filter offers the highest particulate removal 
efficiency, exceeding the most stringent emissions 
requirement. To prevent dust leakage on weak points, the 

General view, twin lines. dust seal is enhanced by increasing the contact surface 
area of the bag against the tube-sheet and the pressure 
that the bag collar imprints on the bag’s cloth against the 
drawn edge of the tube-sheet hole.

The bag fastening system is very simple and allows 
rapid installation/removal of each bag. It also avoids any 
risk of bags falling during installation or maintenance: 
the steel solid ring embedded in the top edge of the bag 
prevents any dropping into the hopper.

 This filter is jet-pulse type, on-line cleaning model, 
high plenum with horizontal lids equipped with an inlet 
tunnel for gas distribution and horizontal gas approach 
to the bags. Bags are in acrylic fabric, weighing 500 g/m2 
and suitable for 120 ˚C continuous operation.

The equipment included in container four comes 
preassembled. The filter internals, bags and cages have to 
be installed onsite to avoid damage during transport. It is 
a simple operation. 

Container five: buffer (preassembled)
The special design of the filter allows the use of its hopper 
as a 30 m3 cement buffer, where cement is reclaimed by 
screw conveyors driven by a variable speed drive. Its 
tailored blade design brings the cement from a central 
discharge to a single spout packing machine.

The buffer’s level is controlled through level sensors 
to avoid over filling.

 All instrumentation, control and electrical consumers 
come wired to the local box, which is linked wirelessly to 
the machine control system.

Container six: packing machine 
(preassembled)
Container six is separated into three different zones, which 
host the mill drive, the packing machine and the filter fan, 
respectively. 

The ball mill drive system is installed on the 
left hand side of the container. It consists of an 
oil-lubricated, two-stage planetary gearbox. Planetary stages 
have been chosen as they are very compact, can transmit 
high torques and offer a high degree of torsional rigidity.

On the other side of the container, the main centrifugal 
fan’s location on ground level allows for easy maintenance.

The centre of the container hosts the packing system. 
The single spout packing machine has been designed 
by Cemengal and entirely manufactured in Italy. It can 
pack up to 15 tph of cement into different sizes of bags. 
A second packer can be installed as an option in order to 
reduce the workload of the workers attending the machine. 
The production of the plant remains unaltered.

The mill gear box is provided with oil temperature, 
level and flow sensors for the lubrication system, motor 
winding temperature, as well as vibration detector. As 
usual, all instruments and motors are wired to a local box 
that is linked wirelessly to the machine control system. 

The mill and the drive have to be connected and 
aligned onsite to allow their proper functioning. It is an 
important operation that has to be performed by skilled 
technicians.

Container seven: electrical and control room 
and sales office
Container seven has two dedicated areas: the dispatch-
control room and the electrical room. 

The dispatch-control room has three windows and 
is equipped with air conditioning for operator comfort. 
The operator will control and monitor the Plug&Grind® 
by means of the SCADA that runs in the desktop 
computer located at the dispatch-control room. The 
automation system is based on industry standards and 
linked with wireless technology. The process control 
system is easy for operators to use.

Power distribution and control main board as well as 
mill, fan and separator frequency drives are located in 
the electrical room. This room is provided with cooling 
for such power equipment, even in areas with a very 
high ambient temperature. 

The electrical installation is characterised by its 
design based on fast and safe-connection system. 
This design allows the wire-to-wire test during the 
preassembly phase and quick installation times onsite.

Container seven is insulated, fire resistant for 
90 minutes, and is equipped with a fire detection system. 
The cables exit the container by means of water proof 
conduits.

Container eight: compressor room 
(preassembled)
The rotary screw compressor, including dryer and filters 
to ensure a good quality of compressed air, is installed in 
this container. The screw compressor technology allows 
100% continuous duty cycle and the reinforced frame 
eliminates resonance. The compressor room takes up a 
third of the total length of the container, so the rest of it 
could be used as a warehouse. 

The control equipment and electrical consumers 
included in this container are wired to its local box, 
which is linked wirelessly to the machine control system.

Non-plant containers: other equipment 
Eight more containers are provided to transport the 
equipment or part of the machinery that has to be 
installed onsite due to weight restrictions: the feeding 
belt conveyor to the mill, the screw conveyors, linings 
and grinding media, and the filter internals.

Bulk load dispatch
If the market requires, the client also has the possibility 
of installing a bulk loading dispatching system. A 
pneumatic transport downstream of the P&G® filter’s 
buffer allows the client to feed two 60 m3 silos, sized to 
be transported in concentric pieces into containers. Due 
to the characteristics of the pneumatic transport, the 
final location of the silos can be chosen depending on 
the layout. This system follows the P&G® philosophy, 
ensuring an easy assembly and significantly reducing 
the working activities onsite. 
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