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There are very often two approaches to the design of 

materials recycling facilities: one taking all factors 

into account … and one to minimise costs. In a virtual 

case study, Winfrid Rauch of Matthiessen Engineering 

describes the initial struggle and the impact of waste 

characteristics that is noticed later on. Finally, he tries 

to define the process functions and find some solutions.

gram per cubic meter = 100,000 cubic meters for every year. 

Therefore, the maximum daily volume (for the day of the 

town•s anniversary) can be calculated as 100,000 / 365 x 

120 percent = 480 cubic meters per day.

For kerbside collection, the district knows that 50 percent 

of trucks arrive between 10:30 am and 11:30 am, meaning 

the maximum input in the holding bay would be 240 cubic 

meters, half of the total volume.

The planning office proposes an area with a length of 24 

meters, a width of 5 meters and a loading height of 2 

meters.The planning office dedicates the following areas to 

the front loader and the feed hopper: special access to the 

feeding line, separated from truck access; a moving area of 

5 x 5 meters; and a feed hopper of 3 x 15 meters.

Feeding situation. The feeding situation is given for one 

shift and the necessary throughput that corresponds to 

the average annual input. The working time for one shift is 

6 hours. If 480 cubic meters need to be processed during 

that time, it amounts to 80 cubic meters or, converted into 

weight, 8 tons per hour. A technical security margin of 20 

percent should be allowed for in case of machine problems, 

breaks, or material blockages. Hence, the maximal hour-

ly throughput would be 8 tons per hour x 1.2 = 9.6 tons 

per hour.The planning office proposes a feed hopper com-

bined with a bag opener. A feed autonomy of 30 minutes 

means a feed hopper of 40 cubic meters. The bag open-

er opens and empties the yellow bags up to 95 percent. It

 also servies as a metering device for the other materials 

coming from the bins. There is a pit with mounting con-

Materials Recycling Facilities Can Face Storage and Metering 
Problems Due to Shortsighted Planning

Imagine a technical meeting at the district council hall. There 

is only one topic: the concept for the district•s new mate-

rials recycling facility (MRF). The newspapers have already 

discussed the technical and financial impact of this project 

… and, naturally, all district citizens are concerned that taxes 

may go up. So, there is some political pressure on this pure-

ly technical meeting.

1.1 The •luxurious• solution

The planning office has prepared the following elements: The 

district•s annual kerbside collecting statistics show that the 

10,000 tons per year of recyclables (not counting municipal 

solid waste) are partly in yellow bags (20 percent) and part-

ly in yellow bins (80 percent). Their density is about 100 kilo-

grams per cubic meter. The statistics show seasonal variations 

of between 80 and 120 percent. The worst period is in sum-

mer during the anniversary of the town•s foundation (120 per-

cent in mid-June). The planning office proposes the following 

specifications for the concept.

Holding bay situation. The annual volume is calculated by 

dividing the weight by the density: 10,000 tons / 100 kilo-

Do It the Right Way 
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veyor belt that has an inclination of 20 degrees. The plan-

ning office explains its choice. After the meeting, the tech-

nical director asks the planning office: •Are you sure of your 

dimensions? Your budget goes 20 percent beyond what the 

district council accepted for the construction budget. I think 

it is exaggerated to base the calculations for the entire facil-

ity on figures from our town anniversary. Take the average sit-

uation. For the holding bay, 20 percent less space would be 

sufficient.

•Does the loading shovel really need special access to the 

feed hopper? In my opinion, if you need a pit, use it as a 

feed hopper. Why do you need an additional feed hopper? 

It just takes up hall space. Have you analysed the extra hall 

length that we would need for your dimensions? The feed 

conveyor belt could have a greater inclination, what do you 

think?Ž

1.2 The •economicalŽ solution

One week later, the planning office proudly exclaims: •We 

have saved 30 percent of your budget!Ž And it explains the 

new concept. In the new set of calculations, the average dai-

ly volume comes down from 480 cubic meters: 100,000 / 

250 x 120 percent = 400 cubic meters per day. There will 

be less surface area needed for the holding bay: •We can 

now charge up to 3 meters.Ž The hourly throughput is now 

estimated to be 40 tons per shift, meaning only 6.7 rath-

er than 9.6 tons per hour. •With extra staff, during the town 

anniversary, we can solve the problems caused by maximum 

throughput,Ž says the planning office. There will be no feed 

hopper: •The pit serves as a hopper. One front loader shov-

el has a volume of 3 cubic meters. So we suggest a pit of 

6 cubic meters. There will be no bag opener, either: •The 

operators can open those at 20 percent. This is acceptable.Ž 

Finally, the feed conveyor belt will be inclined to 40 degrees: 

•Naturally, this limits the throughput. You can see it in other 

materials recycling facilities.Ž

As the facility begins operating,
waste characteristics are showing
Four months later, the MRF is ready to be put into opera-

tion. Everybody waits with bated breath. The first recyclables 

are delivered and tipped into the holding bay. The planning 

office and the new technical director decide that the first 

feeding can begin.

Mountains and valleys. The technical director observes how 

the waste is loaded into the pit by the shovel. A small moun-

tain is created at the point where the shovel drops the mate-

rials. Two meters further on, a second shovel tips the waste 

onto the conveyor belt. A second mountain is created.

•Can•t you make sure the waste is loaded at equal heights?Ž 

the technical director asks the driver of the front loader. 

Winfrid Rauch is a German engineer work-
ing in France. He knows everyday planning 
problems from many years of practice.
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•Would you like to try yourself?Ž The technical director tries 

himself; but even though he is paying attention to the height, 

there is still a difference of about 50 centimeters between 

the highest and lowest point. When inquired about this, the 

planning office says: •Well, this phenomenon is due to the 

large size of the waste materials and the shovel charging 

type.Ž

Bridges. •Material is missing,Ž the staff in the sorting cab-

in reports. The technical director does not understand that 

there are gaps on the conveyor belt. He observes the waste 

and finally sees a shovel with two big pieces of cardboard 

on the bottom. 

When they fall into the pit, they get stuck between the two pit 

walls and do not touch the conveyor belt, forming a bridge 

which prevents the waste from reaching the conveyor belt. 

Other materials are accumulating behind this barricade and 

even reinforcing it.

•Can•t you see the problem?Ž, the front loader driver has not 

seen the problem. The technical director demands assist-

ance from an operator who will stand near the pit and 

destroy the bridges with his broom.

Avalanches. But the sorting cabin staff is still not satis-

fied with the situation: •There are still gaps on the conveyor 

belt!Ž

The technical director now analyses the situation on the 

inclined conveyor belt, where some recyclables are even 

falling back. •Is this normal?Ž he asks the planning office.

•These •avalanches• are due to the internal forces of a little 

stockpile of recyclables … they begin to slide when they lose 

adhesion. As the waste is a heterogeneous mixture of differ-

ent materials, you cannot foresee this moment.Ž

Rollback. •So load more material!Ž, the loading shovel puts 

more material into the pit. But now, besides the avalanch-

es, there is another effect. Every time the front loader driver 

wants to load up a higher level, the waste seems to roll back 

down the inclined part of the conveyor belt. •What is hap-

pening over there?Ž

•Oh, this is very normal,Ž the planning office answers calmly. 

•The products roll back naturally when they reach a certain 

level on an inclined conveyor belt.Ž … •Can you correct this 

rollback effect?Ž … •Of course. You can speed up the convey-

or belt. You can put cleats or chevrons on the belts in order 

to help the waste mount the inclination. You can install a 

larger conveyor belt if you need greater throughput.Ž

Springs. The sorting cabin staff announces: •There are no 

more products coming in.Ž … •What•s happening now?Ž, some 

recyclables are stuck between the second and the third con-

If the pit accepts 
enough volume, the 
operational staff can 
execute other tasks 
between feedings.
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veyor belt. The third conveyor belt changes the direction of 

the material flow by 90 degrees. •I can only see PET bottles. 

What•s happened?Ž

The planning office does not have a convincing answer: •Per-

haps the PET bottles have shown a kind of spring effect. 

When they are stored in a holding bay, their size is reduced. 

But afterwards on the conveyor belt, they try to expand to 

their usual size. This may block the flow when transitioning 

from one conveyor belt to another.Ž

Process functions and their specifications
3.1 Holding bay 

The holding bay should offer enough space to tip in the incom-

ing waste. The storage space should be adapted to season-

al variations. In the example, 50 percent of all kerbside col-

lection trucks arrive between 10:30 am and 11:30 am. This 

means that within one hour, 240 cubic meters are tipped into 

this entrance area.

This volume corresponds to at least 12 trucks with 20 cubic 

meters utility space each. A new truck arrives every five min-

utes. Are the access points large enough to receive two or three 

trucks at the same time? In the example, the planning office 

proposes raising the storage height to 3 meters. A normal 

collection truck makes a pile of about 1 to 1.5 meter on the 

ground. How much time will the front loader need to store the 

waste up to a height of 3 meters? An adapted solution for this 

truck frequency is a platform quay. The trucks can tip directly 

into the holding bay. This way, a natural stockpile height of 3 

meters can be reached without any need of a front loader.

 

3.2 Feeding the MRF line

The loading shovel should be adapted to ensure constant 

feeding without interruptions. A feeding cycle with a front load-

er consists of several tasks. A shovel of products is taken from 

the holding bay. It is then taken to the feeding point. The shovel 

is positioned in front of the feeding point, where it rests until 

feeding is possible. The products are then tipped, trying to 

ensure that the MRF line has a regular flow and no •mountains 

and valleysŽ. Afterwards, the loader returns to the stockpile.

In the example, the front loader has a shovel of 3 cubic 

meters. The hourly throughput volume is 80 cubic meters. 

Hence, the driver has to do 27 cycles to complete his task. 

The question is: Does one cycle take more than two min-

utes? The front loader•s technical manoeuvring space must 

be considered. The time needed to correctly position the 

engine in front of the feeding point can be doubled if the 

manoeuvring space is not sufficient.

3.3 Intermediate stockpile

The intermediate stockpile in the upstream section of the 

MRF feeding line should allow the operational staff to exe-

cute other tasks. In the example, the pit accepts 6 cubic 

meters. This volume corresponds to two shovels of 3 cubic 

meters. This creates about 4.5 minutes of free time for the 

front loader driver. This raises several questions. Must the 

driver wait until the pit is empty? Can he fulfil other tasks 

than feeding the line? What will happen when he has to 

take a break? What happens when the front loader is bro-

ken or in maintenance?

In fact, in the •economicalŽ solution, access for the front 

loader was restricted. This is realistic because the loader will 

never leave the feeding part of the MRF line. With the help of 

the feed hopper, the front loader can press ahead with his 

work and fulfil other tasks while the bunker is emptying itself 

automatically. A total free time of 30 minutes should be rec-

ommended. It should be noted that part of this theoretical 

free time is needed to fill the hopper again.

In the example, 30 minutes are equal to a bunker of 40 

cubic meters, which seems a good solution. This feed hop-

per is equipped with a conveyor belt or a moving floor. 

Up to 25 cubic meters and for light materials, a con-

veyor belt hopper is sufficient. For big hoppers (more 

than 25 cubic meters) and heavy materials, a mov-

ing floor is the most economical solution. Either a con-

veyor belt or a moving floor has low maintenance costs. 

For very big hoppers (over 40 cubic meters) or wet materi-

als, a push-bar conveyor belt can also be of technical inter-

est.



3.4 Metering device

Due to the heterogeneous composition of the materials in 

a kerbside collection, a metering device should be used to 

dose the flow and separate the materials so as to facilitate 

the automatic and manual sorting functions downstream.

Without a metering device, such effects as •avalanchesŽ, 

•springsŽ or •bridgesŽ can easily occur. A metering device 

breaks the stockpile•s internal adhesive forces.

A common solution for metering devices is a dosing drum 

which is screwed into the outlet of the feed hopper. This dos-

ing drum should be simple to utilise, clean and maintain. To 

separate recyclables, a drum with a hexagonal or octagonal 

shape is recommended. Round drums do not break up the 

stockpiles sufficiently and have a tendency to collect waste 

materials on its surface. This effect is limited by using a hex-

agonal or octagonal shape.

A dosing effect is created by blades fixed on the circum-

ference of the metering drum. These blades can be •open•, 

•closed• or •hidden• to form a kind of paddle depending on 

the composition of the incoming recyclables. Open blades 

are used with bulk materials. Attention must be paid to 

enveloping materials which can stick to the blades. Closed 

blades work like bucket elevators on a dosing drum. Pay 

attention to materials that might get stuck in the buckets.

Paddles or hidden blades are used when a sufficient dosing 

effect can be achieved with smooth peaks in the circumfer-

ence and no cutting characteristics.

3.5 Bag opening device

Yellow bags and supermarket bags have to be opened in 

order to sort the recyclables inside them. In the example, 20 

percent of the kerbside collection is in bags. One bag con-

tains, for instance, 1 kilogram of recyclables. 20 percent of 

the daily 480 cubic meters would be 9.6 tons … meaning 

that 9,600 bags are coming in on one day.

An operator opening the bags has to do several things. He 

has to take the bag, gripping it correctly, which takes him 

about one second. Then he slits it with a knife and empties 

it completely; this takes him about three seconds. he then 

drops all the recyclables onto the conveyor belt, which takes 

him about one second. All in all, one bag opening cycle 

takes the operator about five seconds. Therefore, he can 

open 720 bags per hour. In other words, he opens 4,320 

bags during the six hours of one shift. In conclusion, the 

MRF needs more than two operators to open all bags.

A bag opener machine does all this more quickly at a per-

formance rate of more than 95 percent. The machine, con-

ceived by the company Matthiessen Lagertechnik, is sup-

Hexagonal dosing drums break up the
stockpile sufficiently and are easy to clean.
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posed to let through only the opened bags and to reject 

unopened bags. Large elements, such as big pieces of card-

board, will not block the machine. They will only open the 

comb which is situated above the bag opening rotor. The 

comb, against the pressure of a spring, will withdraw and 

leave an open passage for these big elements to pass 

through for several seconds before moving back into place. 

A bag opener for kerbside recyclables is less expensive than 

a shredder or a MSW bag opener, but more expensive than 

a feed hopper or a bale opener. A bale opener has a func-

tion somewhere between a feed hopper with metering drum 

and a bag opener.

Conclusion
The initial solution, proposed as a •luxuriousŽ solution, may 

be considered as expensive at the time of purchase, but the 

seemingly •economicalŽ solution is certainly not optimal in 

terms of cost/performance ratio. Low investment costs will, 

in this virtual example, result in high costs for plant organ-

isation, utilisation and maintenance. Sufficient space for 

stockpiles, metering devices and bag slitting machines is no 

luxury.  u

Ideally, the holding
bay is combined with
a platform quay so
as to facilitate the
distribution of the
waste.
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