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The biogas plant operators are increa-
singly challenged by the liquid manure 
ordinance, liquid manure stockage, nutri-
tional balance and the spreading of liquid 
fermentation residues.
Due to reduced spreading times, a higher 
storage volume must be held available 
which is attended by high investment 
costs and, as the case may be, a re-clas-
sification in the hazardous incident ordi-
nance. Shorter spreading times result in 
even higher costs. All this is accompanied 
by soil compaction, track load, nitrogen 
loss, provision of cost intensive spreading 
equipment, additional work load and 
costs.

In this context, the exhaust gas drying 
process is not only an economically very 
interesting solution but it considerably im-
proves the overall situation of the plant 
and it actively contributes to the protecti-
on of the environment. The exhaust gas 

flow contains 50% of the thermal dischar-
ge of a combined heat and power plant.  
In most cases, the flow is discharged into 
the atmosphere via the exhaust pipe wi-
thout being used. By using the exhaust 
gas flow of a combined heat and power 
plant, approximately 50% of the overall 
fermentation mass can be dried from, 
for example, a dry weight of 7% to a dry 
weight of 90%.  This reduces the overall 
stockage volume by 50% and it simulta-
neously reduces the spreading.

Even when the throughput of the plant 
is increased, there are still the same qu-
estions and requirements that can be 
solved easily with an exhaust gas drying 
process. 

General
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The liquid fermentation residues from 
the fermenter are pumped into a collecti-
on container at the dehydrator.
In a trough located in front of the dehy-
drator, the treated fermentation substrate 
is conveyed via an integrated dry return 
pipe. Liquid fermentation residues from 
the collection container are pumped into 
the trough and mixed with a mixing screw 
until a dry weight of 30% is achieved. This 
mixture is transported into the first drying 

Process and 
functional description

chamber of the dehydrator. With quickly 
rotating mixing shafts, the liquid fermen-
tation residues are mixed in the drying 
chamber in order to form a continuous 
material cloud.
Via an exhaust air pipework, the hot 
exhaust gases from the combined heat 
and power plant are fed with added fresh 
air into the material cloud at approxima-
tely 300°. The high temperature differen-
ce results in a very fast drying procedure 
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with an incomparable efficiency. The re-
sulting evaporation output leads to an 
energy efficiency of approximately 750W 
per litre of water.
 
A cost-free and effortless side effect is 
achieved with the added hot gas. The fer-
mentation residues as well as the evapo-
rated water are completely sanitised du-
ring this procedure. 

The goods to be dried are transported 
through the individual chambers pro-
cess-controlled and fully automated. The 
drying degree can be set individually. A 
dry weight of approximately 85% is ideal 
for a subsequent granulation/pelletizing. 
Due to the high efficiency, the residen-
ce time in the dehydrator is reduced to 
approximately 6 minutes at an average. 

The exhaust air is treated in the dehydra-
tor in a closed process. Due to the added 
hot gas, the volatile ammonia contained 
in the liquid fermentation residues is sol-
ved directly with the introduction into the 
drying chamber.  Sulphuric acid is added 
to the fermentation residues process with 

at the ratio of 1:3. A chemical bonding of 
volatile ammonia in crystalline ammo-
nium sulphate is performed during the 
process.  The exhaust air is filtered by 
exhaust air fans arranged outside of 
the filter chamber and is almost fully de-
dusted.

The filter dust together with the ammoni-
um sulphate are fed via a screw into the 
dried fermentation residues. This results 
in a concentrated NPK fertilizer.  With a 
pelletizing or granulation integrated into 
the process, the dried fermentation resi-
dues are directly processed in order to 
achieve fertilizer pellets and/or granules. 
The pelletizing is equipped with several 
cutters so that a uniform small pellet can 
be produced thus forming an optimum 
spread pattern. 

Process and 
functional description



7

The dehydrator is composed of sever-
al drying chambers that are connected 
with each other.  The drying chambers 
are each separated with a pneumatical-
ly-operated flap. If used in biogas plants, 
dehydrators with 3 chambers are predo-
minantly used. Half-shells are located at 
the bottom of the dehydrator in which mi-
xing shafts rotate with a speed of appro-
ximately 280 rpm.
 

Drying chambers
Each chamber is composed of 4 half-
shells with 4 mixing shafts. Each mixing 
shaft is driven by a proper gear motor. 
The easy-to-maintain shaft bearing and 
gear motor are located outside of the 
drying chamber. The material to be dried 
is continuously airborne in a material 
cloud due to the rotation of the mixing 
shafts. The hot exhaust gas is fed into this 
material cloud at approximately 300° and 
ensures a highly efficient drying process. 
The material remains in the chamber for 
a defined period. Upon expiry of said pe-
riod, the chamber separation is opened 
and the material is thrown into the next 
chamber and is re-filled. The overall resi-
dence time in the dehydrator amounts to 
approximately 6 minutes at an average 
for all chambers. 
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A T-piece is inserted into the exhaust 
pipe after the sound absorbers. A dou-
ble-acting failsafe exhaust gas flap with 
electrically or pneumatically operated 
drive is installed in the T-piece. One path 
is opened while the other path via the flap 
is closed. There is an exhaust pipe that 
leads directly to the dehydrator. At the in-
let of the dehydrator, there is a mixing fan 
with injector. During the drying operati-
on, the normal exhaust gas path is closed 
with the double-acting exhaust gas flap 
and the exhaust gas is fed into the dehy-
drator. Via the mixing fan, as much fresh 
air is added in order to achieve the desi-
red dehydrator infeed temperature (300° 

recommended). In the dehydrator, the hot 
exhaust gases are fed symmetrically into 
the individual drying chambers. Multiple 
temperature sensors are continuously 
controlling this process. If the drying pro-
cess is completed, the exhaust gas flap 
closes the exhaust gas path towards the 
dehydrator and simultaneously opens the 
exhaust gas path into the atmosphere. 

Exhaust gas connections

Exhaust 
gas flap
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The liquid manure is pumped from the 
fermenter into a collection container at 
the dehydrator. A level sensor controls 
and monitors this process. Via a dry ma-
terial return line, the dried fermentation 
residues are fed into a trough with a mi-
xing screw. Liquid fermentation residues 
are pumped process controlled into the 
trough. By means of the mixing screw, the 
liquid fermentation residues and the dry 
material are mixed until a dry weight of 
approximately 30% is achieved and are 
then fed into the first drying chamber. Via 
the quickly rotating mixing shovels located 
at the bottom of the dehydrator, the fer-
mentation residues are continuously kept 
in the air in the form of a material cloud. 
Hot air (300°) is fed via the symmetrical 
exhaust gas connection into the material 
cloud of each chamber. Due to the high 
temperature in connection with a high 
difference between partial pressure and 
vapour saturation pressure, a high-speed 
drying process is achieved. The moisture 
is absorbed in the gaseous form and by 
the ambient air. During the overall drying 
time of approximately 6 minutes, the ma-
terial remains in the respective chamber 
for the corresponding time slice. Upon ex-
piry of the chamber time, a pneumatically 
operated cylinder opens the chamber flap 
towards the next chamber. Simultaneous-

ly, the rotational direction of the mixing 
shafts changes and they do no longer mix 
the material to form a material cloud but 
they throw it in flow direction into the next 
chamber. This procedure takes approxi-
mately 45 seconds, then the chamber is 
closed, the rotational direction changes 
back to the material cloud and the cham-
ber is re-filled from the other side. The last 
chamber transports the dried material to 
the subsequent discharge chamber as 
previously described. A material screw 
conveys the dried material into a trough 
screw connected via a flange. It feeds the 
required dry part to the return pipe and 
the rest into the connected pelletizing 
system.

The exhaust air is supplied via the inte-
grated filter chamber. External exhaust 
air fans pull the exhaust air through the 
filter bags. The dust accumulates on the 
filter bags. The filter bags are shaken in 
specified intervals. The bottom of the fil-
ter chamber is designed in the form of 
a trough screw. The dust shaken off is 
conveyed via a screw to the discharge 
chamber and is fed into the fermentati-
on residues within a closed process. The 
dedusting is almost maintenance-free. 

Drying process  
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From the fermenter via a liquid manure 
pipework, a collection container of the 
dehydrator is filled with liquid fermenta-
tion substrate. A sensor system monitors 
the filling level. On the face side, a trough 
with a mixing screw with a diameter of 
300 mm is connected via a flange to the 
dehydrator. Via a 
dry material return line, fermentation re-
sidues already dried are conveyed into 
the mixing trough. Liquid fermentation 
residues are pumped from the collec-
tion container into the dry material. On 
the way into the first drying chamber, the 
dry material and the liquid fermentation 
residues are mixed by a mixing screw 
until a dry weight of approximately 30% 

is achieved. By means of process control 
equipment, the mixed material is then fed 
into the first drying chamber. The correct 
composition of dry and wet guarantees in 
the dehydrator above the material cloud 
the maximum possible surface. 

Material feed 
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In the fermentation soup stored in the 
fermenter, there is an average of 0.4% of 
ammonia bound in the liquid. This corre-
sponds to a quantity of approximately 4 
kg/t. Ammonia is a chemical compound 
of nitrogen and hydrogen. The molecular 
formula is NH3. It is a pungent-smelling, 
colourless, water-soluble, toxic gas. The 
Technical Instructions on Air Quality Con-
trol („TA-Luft“) specifies a threshold value 
of 30 ppm/m3 of exhaust air. Due to the 
added hot gas, the ammonia bound in 
the liquid fermentation residues beco-
mes directly and completely gaseous. 
During the drying process, sulphuric acid 
is simultaneously added at a ratio of 1:3 
regarding the volatile ammonia. The vo-

latile ammonia is bound by the sulphuric 
acid and reacts resulting in the molecular 
formula (NH4)2SO4. 

Crystalline ammonium sulphate is de-
rived from gaseous ammonia and liquid 
sulphuric acid which remains in the solid 
fermentation residues. 
During this process, the entire nutrients 
concentrate during the liquid phase in the 
dry fermentation residues resulting in a 
high-quality natural fertiliser. 

Ammonia treatment 
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On the side next to the drying chambers, 
there is a filter chamber along the entire 
length of the dehydrator which is inte-
grated into the process. Within the filter 
room of the 3-chamber dehydrator, there 
are approximately 190 filter cartridges 
with a filter surface of 75 m². The filters 
are composed of a needle felt unified fine 
thread. The filters have a special coating, 
they are anti-static as well as water- and 
oil-repellent. They have a sewed-in clam-
ping ring with a double bead construction 
for accurate fixing. There is a supporting 
cage in the filter cartridge in order to avoid 
contracting of the filters caused by the un-
derpressure. 

The filter cartridges are connected with 
each other in a tubular frame. The tubular 
frame is moved by means of a pneuma-
tically operated cylinder required to cle-
an the filter off the filter cake in specified 
intervals. The bottom of the filter cham-
ber is designed in the form of a trough 
equipped with a trough screw. The filter 
dust shaken off is conveyed via the screw 
to the discharge chamber and is fed into 
the fermentation residues within a closed 
process.

There are four exhaust air fans abo-
ve the filter chamber of the 3-chamber 
dehydrator. Pressure sensors are arran-

ged within and above the drying cham-
ber. Underpressure is continuously main-
tained inside the dehydrator by means of 
the exhaust air fans. If the fan output is 
increased in order to maintain the set un-
derpressure, the system recognises that 
the filters must be cleaned and starts the 
shake-off procedure automatically. The 
density of the filters is designed in such a 
way that the exhaust air from the dehy-
drator is able to maintain a dust value of 
below 1 mg.
 
At the dehydrator roof, there is a 300 
mm exhaust air pipework made of pla-
stics. The exhaust air of the fans is fed 
via a Y-piece into the exhaust air pipe-
work. The standard design has a verti-
cal exhaust air pipework of 10 m height 
which discharges the purified dehydrator 
air into the atmosphere.

Exhaust air treatment
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The dehydrator itself, in conjunction with 
the connection to the exhaust air pipe-
work of a combined heat and power 
plant, is no additional emission sour-
ce. The exhaust gas which is an alrea-
dy approved emission source is guided 
around and through the dehydrator. The 
drying itself has the same effect on the 
exhaust gas as a biofilter. 

a) Formation and fate of formaldehyde
When methane is combusted, formal-
dehyde is formed in an atmosphere with 
a high oxygen content and then carbon 
monoxide is formed during further oxy-
gen steps. When the combustion tempe-
rature and the oxygen concentration are 
increased, the formation of formaldehyde 
can be reduced or avoided. The exhaust 
gas temperature of 500° is, however, too 
low for another oxidation of formaldehy-
de.
The exhaust gas containing formaldehy-
de is fed into the dehydrator at an initial 
temperature of approximately 300° and 
comes in contact with the exhaust air 
containing ammonia. These are optimum 
reaction conditions for the formation of 
hexamethylenetetramine (Urotropin). TÜV 
measurements have shown that the most 
part of formaldehyde reacts with ammo-
nia forming Urotropin precipitating in the 
form of a solid. 

Urotrobin is predominantly used for the 
production of aminoplasts and for food 
preservation. Urotropin is well known in 
a pressed form as a dry combustible and 
it is a main component of Esbit.
TÜV measurements performed on the 
dehydrator system have resulted in 
values which are below the values of an 
oxi cat plant thus qualifying for a bonus.

b) Ammonia
Due to the added hot gas, ammonia 
becomes gaseous and is fully dissolved 
out of the liquid fermentation residues. 
This gas formation is a negative effect 
occurring when the liquid fermentation 
residues are sprayed onto the field. The 
hotter the spreading day is, the higher 
is the ammonia quantity and thus the 
loss of nitrogen.  On hot days, the loss 
of nitrogen can amount to at least 50%. 
Regarding the drying procedure, this ef-
fect is very useful. Ammonia is fully con-
centrated in the exhaust air. With an ac-
curate acidification of the exhaust air with 
sulphuric acid, ammonia is completely 
transformed into ammonium sulphate. 
It is used as a valuable fertilizer additive 
and forms part of nutrient mixtures for 
microorganism cultures.
Regarding a solid composition of 7% in 
the fermenter with an ammonia content 
of 0.4% (= 4 kg per ton), the fermentation 

Emissions
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residue pellet can be concentrated to a 
nitrogenous content of approximately 7%. 
Since the ammonium sulphate is concen-
trated in the filter chamber, it can be se-
parated from the process together with 
the separated dust. With this procedure, 
a pure nitrogenous fertiliser with concen-
trations of up to 40% can be produced.
 
c) Dust
Due to an extremely large filter cham-
ber with a filter area between 61 m² and 
75 m², the pressure drop can be kept on 
a low level allowing the usage of filter 
media that keep the dust far below the 
thresholds of 20 mg/m³ air approved by 
the Technical Instructions on Air Quality 
Control („TA-Luft“). The actually measured 
values are below one milligram. In addi-
tion to fermentation residues, biomasses 
with a higher load and even smaller 
thresholds such as sewage sludge can 
easily be dried. With a pressure sensor 
system installed in the filter chamber, a 
continuous underpressure of preferably 
40 pa can be maintained in the dehydra-
tor.
This means that the exhaust gas counter-
pressure can be balanced via the exhaust 
gas pipe, that the dehydrator does not 
emit dust and the cleaning program of 
the filter bags is controlled.
The dust cleaned with the filter bags is 

transported into the discharge chamber 
by means of a trough and conveying 
screw. The entire process is closed and 
almost maintenance-free.
With the underpressure operation, the 
operation around the dehydrator location 
is almost kept dust-free.

d) Odour
Regarding the odour, a reduction of 
the odour emission present due to the 
exhaust gas flow was identified by the 
TÜV resulting from the drying process and 
the biofilter effect. Since ammonia is fully 
bound, an essential carrier substance is 
missing which is basically responsible for 
the known fermentation residue odour.

Regarding all above-mentioned emis-
sions, a TÜV report has shown that the 
emissions in front of the dehydrator 
could considerably be reduced during 
the drying process and that there are no 
dehydrator emissions. 

Emissions 
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Due to the added hot gas (over 300°), 
there is an effortless and very positive 
side effect. The fermentation residues as 
well as the evaporating moisture are fully 
sanitised during the process. Repeated 
microbiological inspections confirm a full 
sanitation. The bacteria count for yeasts 
and moulds are confirmed which fall 
below the food thresholds for lettuce, for 
example. This sanitation level is an im-
portant aspect in terms of the fertiliser 
production. 

Sanitation
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The dehydrator and the overall process 
are equipped with a number of safety 
equipment. Siemens S7-1500 PLC control-
lers monitor and control the entire pro-
cess. If the sensor system identifies devia-
tions, the process is adjusted accordingly. 
In the case of failures, the automatic con-
troller takes appropriate measures and 
stops the entire drying operation.

a) Exhaust gas transport
A T-piece with a double-action exhaust 
pipe is installed in the exhaust gas 
pipe after the sound absorber. A fixed 
rod system ensures that the respective 
exhaust gas path is opened or closed. 
While the flap is closed towards one 
direction, the flap towards the other 
direction is opened simultaneously. The 
combined heat and power plant conti-
nuous operation irrespective of the drying 
operation and the respective position of 
the exhaust gas flap. Upon customer re-
quest, the flap is driven pneumatically or 
electrically. The drive itself is failsafe. This 
means that in the event of a lack of a con-
trol signal, a sudden pressure drop or a 
sudden power failure, the drive immedia-
tely closes the path towards the dehydra-
tor via a spring-return mechanism and 
discharges the hot exhaust gases via the 

exhaust gas pipe. It is ensured that there 
is no undesired exhaust gas supply into 
the dehydrator.

b) Temperature monitoring
Temperature sensors are installed in all 
strategic points. All sensors have a control 
range which is continuously monitored by 
the PLC. The PLC initiates appropriate me-
asures if the values fall below or exceed 
such control range. In the case of a fault, a 
voice or text message is sent via the GSM 
module to up to 6 remote terminals. The 
supply air area of the hot exhaust gases 
is basically equipped with three sensors. 
If the PLC recognises a deviation larger 
than the specified tolerance, the exhaust 
gas supply is immediately be interrupted 
for safety reasons, the dehydrator is de-
activated and the operator is informed via 
the GSM module. Each drying chamber 
is equipped with additional temperature 
sensors. The dehydrator cycle is control-
led via the chamber temperature. A mi-
nimum temperature is required to start 
the dehydrator. If this temperature is not 
achieved, the dehydrator is not activated 
in automatic mode. If a chamber tempe-
rature is identified that exceeds the control 
temperature, the energy supply is imme-
diately be interrupted and the dehydrator 

Safety equipment
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is stopped. Corresponding information is 
sent to the persons responsible.

c) Motor monitoring
Each motor is monitored by a proper 
frequency converter. The motor load of 
each motor is calculated by means of the 
power input. It is analysed and recorded 
in the PLC for control measure purposes. 
If the value falls below or exceeds the 
specified control range of a particular 
device, the PLC controller initiates appro-
priate measures. In the case of an ob-
vious overload, the power supply to the 
motor is immediately be interrupted. At 
the same time, the energy supply is im-
mediately be interrupted, the dehydrator 
is stopped and the persons responsible 
are informed via the GSM module. 

d) Pressurised air monitoring
Important functions such as opening 
and closing the chamber flaps, the clea-
ning of the filters require pressurised air. 
If the pressurised air supply is interrupted 
or if the pressure value falls below the 
required minimum pressure, it is recog-
nised by a pressure sensor and required 
measures are initiated by the PLC. During 
operation, the energy supply is immedi-
ately be interrupted and the dehydrator 

is stopped. Corresponding information is 
sent via the GSM module to the person 
responsible. If, for example, there is a 
lack of the prescribed air pressure during 
the activation of the dehydrator, the dehy-
drator operation is not started and an 
appropriate error message is triggered.

e) PLC control
The entire process is controlled and mo-
nitored by a SIEMENS PLC controller. All 
sensor data, temperatures, flow quanti-
ties and pressures are continuously re-
corded. An active support continuously 
scans the data, immediately recognised 
deviations and provides corresponding 
information.

f)  System independent 
sprinkler installation

Despite all safety precautions, there is 
- when handling dry biomass - a rather 
theoretical fire hazard due to heat, fricti-
on, foreign substances inside and outsi-
de of the dehydrator, external influences, 
electrical failures, etc. 
While the sensor system monitors all pro-
cesses in the dehydrator. The monitoring 
function does, however, not work when 
switched-off or when power is cut off.  
The dehydrator has an overall explosi-
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on-proof design, the external panelling is 
made of F90 conformal insulation panels 
with stainless steel panelling. A system 
independent sprinkler installation is in 
place for protecting the assets. 
Each drying chamber is equipped with 
one sprinkler. There are 5 sprinklers abo-
ve the filter chamber and 3 sprinklers 
inside the engineering room above the 
drying chambers.  The sprinkler is equip-
ped with a glass cylinder that is closed 
with liquid.
If the ambient temperature exceeds the 
specified threshold, then the liquid inside 
the glass cylinder expands until the glass 
body cracks and water is sprayed in the 
overheated area. All sprinklers are con-
nected with each other via a looped fire 
water mains. The water supply is ideally 
realised via the fresh water supply of the 

building. The supply line is equipped with 
a flow meter. It recognises faults and in-
forms persons responsible via the GSM 
module. With this measure, it is ensured 
that the assets are equipped with the hig-
hest self-protection possible. 
 
g) Structure
The framework structure has a modu-
lar design and is made of stainless steel 
profiles with thick walls. All wet elements 
within the drying chambers are made of 
stainless steel. The internal panelling of 
the drying room is made of 100% corrosi-
on-free materials. The external panelling 
of the dehydrator is made of stainless 
steel profiles with mineral wool insulati-
on (60 mm).
The conveying equipment outside of the 
dehydrator is made of steel sheet with 
thick walls and is galvanised after ma-
nufacture. The entire dehydrator is equip-
ped with the highest corrosion protection 
factor. 

Safety equipment
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The plant is designed for a 24h conti-
nuous operation according to the com-
bined heat and power plant. The dehy-
drator achieves its high efficiency with 
the geometry which provides physically 
ideal conditions. The entire material is 
sanitised during the process due to the 
high temperature and without additional 
effort. A high-quality and concentrated 
natural fertiliser is made by means of the 
integrated ammonia treatment. The enti-
re process is controlled and monitored 
by a SIEMENS S7-1500 PLC controller. The 
entire process is visualised with an ope-
rator-friendly HMI with touch panel. 

Summary
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