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1 Introduction 

The importance of biomass, that is plant materials and bio waste, as initial product for 
quality composts and biomass fuels is increasing steadily. First of all, increased demand 
for quality composts is noticed and, secondly, there is an increased demand for biomass 
fuels as CO2-neutral energy source due to the treatment requirements for the feed. 

Depending on the process and raw compost composition there will be differing amounts of 
heavy and non-rotting material streams. These stress the operation of a compost plant 
from an economic viewpoint. However, due to the process, a certain amount of not easily 
rotting material must be recycled as bulking agents. This process has a negative impact on 
the total throughput of a compost plant.  

A further economical impairment is due to the fluctuating raw material composition which 
can differ due to the seasons of a year. In other words, the portion of not easily rotting 
material in the total mass will vary continuously. In addition, the demand for compost 
varies from season to season.  

In this paper a concept is introduced which focuses on the production of quality compost 
and biomass fuel out of plant materials and bio waste. This enables the possibility to 
mainly disconnect compost operation from seasonal fluctuations in regard to demand for 
compost. The introduced concept makes it possible to vary the ratio between compost and 
fuel production in broad sectors and, consequently, react in a flexible manner to supply 
and demand in the specific sector.  

Furthermore, the focus is on energy utilization of biomass fuels. In the production process 
a targeted material stream management will influence the fuel-technical parameters. This 
means that the chemical, mechanical, calorific and reaction-technical properties will be 
adjusted to the subsequent thermal utilization process. 

In comparison with fossil fuels, a higher chlorine content is typical for many biomass fuels. 
In contrast to most substitute fuels from waste (out of mechanical-biological separation of 
municipal solid waste), the biomass fuels have over 90 ma.-% of the chlorine content in 
inorganic form. In this connection the corrosion and fouling potential of biomass fuels will 
also be discussed. 

 

Pöschl
Textfeld
Beckmann, M.; Krüger, S.: Biomass Fuel from Fractions of a Compost Facility. In: Proceedings of the International Conference on Incineration and Thermal Treatment Technologies - IT3, 14.05.–18.05.2007, Phoenix (USA). ISBN 9780923204822



IT3-CONFERENCE 2007, PHOENIX, ARIZONA, BECKMANN-KRUEGER  PAGE  2 

2 Basics of Decomposition and Biomass Preparation 

With the decomposition of biomass it is intended to convert biological decomposable 
waste into useable compost.  

The decomposition process can generally be split into two phases. In the so-called high 
rate phase or intensive phase the material remains for some days to some weeks 
depending on the specific decomposition process. A so-called fresh compost forms. The 
second phase, the curing phase or subsequent rotting phase, lasts from approximately 4 
to 12 weeks. The fresh compost turns into finished compost.  

The decomposition processes that are offered most often on the market can be roughly 
shown in Fig. 1.  

characteristic features

type    
pile modular 

pile

open pile composting x x x x
- trianguale- or table pile
- high rate phase 4 to 6 weeks
- total rotting period 3 to 6 months

enclosed pile composting x x x x
- table pile or rotting hall
- high rate phase approx. 2 weeks
- total rotting period 6 to 8 weeks

drum composting x x x
- bulk material in rotating drum- 
- high rate phase 1 to 7 days
- total rotting period 6 to 8 weeks

windrow / tunnel 
composting x1 x2 x x x

- high rate phase in separated
   windrows/tunnels
- curing phase as open pile
- high rate phase 4 to 8 days
- total rotting period 12 weeks

box / container / cell 
composting x x x x

- high rate phase in separated boxes
- curing phase as open pile
- high rate phase 4 to 8 days
- total rotting period 12 weeks

Brikollari-process x x x x

- high rate phase as shaped product 
- curing phase as open pile 
- high rate phase 5 to 6 weeks
- total rotting periode 13 to 16 weeks

1) windrow composting open to the top
2) tunnel composting closed to the top
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Fig. 1. Decomposition methods, characteristics and residence times. 

All processes are liable to seasonal fluctuations regarding to the raw compost composition 
and the sales potential of compost.  

From an economical and ecological point of view it makes sense to remove the not easy 
rotting material – which is needed as a bulking agent during the decomposition process – 
after the first throughput. 

These considerations must be seen in connection with the steadily growing demand for 
quality compost. Prognoses state that there will be a continuously growing demand and 
that the days of overproduction are over [17]. 
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3 Process for Combined Compost and Biomass Briquette Production 

Based on the above-mentioned objective to prevent large amounts of material to be 
returned, seasonal fluctuations and energetic utilization of wood from hard to compost 
material, a process is described in the following which is already in a test operation phase 
in the compost operation plant located in Weira, Thuringa, Germany. 

The developed process for the production of briquettes out of biomass for further use as 
fuel is roughly described in the following in connection with a simplified plant scheme 
shown in Fig. 2. 

The process can be split into the three main sections A to C: 
A) Rotting, 

B) Compost production, 

C)  Briquette-making. 

3.1 Rotting – Main Section A 

The main section A rotting (Fig. 2) mainly consists of the compost plant and process steps: 

• A.1 bin, 

• A.2 agitation, 

• A.3 high rate phase, 

• A.4 curing phase 1, 

• A.5 curing phase 2. 

Bio waste (plants, garden waste, food waste, vegetables) from municipal collection is 
charged via bin A.1 to the plant and subsequently sent via wheel loaders (A.2) to multiple-
stage rotting (A.3 to A.5). The duration of high rate phase rotting, curing phase 1 and 
curing phase 2 is approximately 10 days for each stage. Agitation is done in the meantime 
with machinery. 

The rotting loss is approximately 30 ma.-% of the input material. With an input mass 
stream of approximately 60,000 t/a, the rotting loss is approximately 18,000 t/a. 
Consequently, approximately 42,000 t/a remain as rotting material. The rotting material still 
contains a significant share of wood and must be further prepared mechanically in main 
section B. 



IT3-CONFERENCE 2007, PHOENIX, ARIZONA, BECKMANN-KRUEGER  PAGE  4 

 

Fig. 2. Schematic illustration of the combined process. 
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3.2 Compost Production – Main Section B 

The main section B compost production (Fig. 2) serves the further mechanical preparation 
of the rotting material with the objective of separating a compost fraction, high calorific 
value biomass fraction for further fuel briquette-making and hard material fraction for the 
dump site. The main section B mainly consists of  

• B.1 screen plant, 

• B.2 chaff cutter, 

• B.3 screen plant, 

• B.4 hard material separator. 

The screen plant B.1 is a star screen. In a star screen the material gets screened by 
rotating stars with a distance piece between each star. In one screen different distances 
between the stars (separation sections) can be applied over the length of the screen. 
Underneath each section belts carry away the material. The oversize comes out at the end 
of the screen.  

In the chaff cutter B.2 is the material is conveyed by a scraper floor to a heavy roller with 
oscillating bearings which pushes the material into the shredding chamber. In the 
shredding chamber the material is treated by a heavy gyrating flail drum. 

The screen plant B.3 is a drum screen. The material is introduced into the horizontal 
arranged rotating drum by a transport screw. Depending on the mesh size of the holes in 
the drum, material can fall through the wall of the drum. The oversize comes out at the end 
of the drum. 

The hard material separator B.4 sorts out materials like stones and cullet (debris of 
ceramics and glass) by a linear motion design and – if still contained metals with a 
magnetic separator. These materials can not be used in the further process. Plastics – 
which are only contained in small amounts are also sorted out, because the end product 
(biomass briquettes) should not contain synthetic materials. 

The rotting material from main section A (42,000 t/a) is charged to the screen plant B.1 in 
which a separation of three fractions takes place according to the screen widths: 

• Fine fraction B.1 (0 to 15 mm) for further use as compost with a mass share of approx. 

30 ma.-% of the input to screen plant B1, that is approx. 12,600 t/a,  

• Medium fraction B.1 (15 to 70mm) with a mass share of approx. 40 ma.-% of the input 

to screen plant B.1, that is approx. 16,800 t/a, 

• Coarse fraction B.1 (> 70mm) with a mass share of approx. 30 ma.-% of the input to 

screen plant B.1, that is approx. 12,600 t/a. 

The coarse fraction B.1 (>70 mm) is crushed in the chaff cutter B.2 together with the 
coarse fraction coming from the outside out of the external preparation of biogenic 
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materials (approximately 10,000 t/a). Both coarse fractions mainly consist of pieces of 
wood.  

The crushed material (approx. 22,600 t/a) is charged together with the medium fraction B.1 
to screen plant B.3. This screen plant handles the separation of the  

• Fine fraction B.3 (0 to 5 mm) for further use as compost with a mass share of 

approximately 7 ma.-% of the input to screen plant B.3, that is approx. 2,800 t/a and  

• Coarse fraction B.3 (> 5mm) with a mass share of approx. 93 ma.-% of the input to 

screen plant B.3, that is approx. 36,000 t/a. 

For further separation of trash materials the coarse fraction B.3 is sent over a hard 
material separator B.4: 

• The fraction free of hard materials now leaves main section B as initial material for 

briquette-making (approx. 97 ma.-% of the input to the hard material separator B.4, 

that is approx. 35,000 t/a). 

• The disturbing materials (approx. 3 ma.-% of the input to the hard material separator 

B.4, that is approx. 1,100 t/a) are sent to the dump. 

3.3 Briquette-making – Main Section C 

In main section C briquette-making (Fig. 2) the material prepared in the main section B 
(approx. 35,000 t/a) is pressed into compact briquettes together with additional materials 
(amendment) (approx. 3,500 t/a). Main section C includes the process steps and facilities: 

• C.1 fuel storage, 

• C.2 additional material storage, 

• C.3 mixer, 

• C.4 proportioning (dosing) bin, 

• C.5 extruder press, 

• C.6 drying. 

The material prepared in main section B is first charged into fuel storage C.1 and then sent 
in to mixer C.3 together with additional materials (e.g. cotton) out of the additional material 
storage C.2. The share of the additional materials is approximately 100 kg additional 
materials per 1,000 kg processed material. Then the mixture is sent to a dosing bin C.4 
and from there on to the extruder press C.5. The extruder press compacts the material to 
briquettes with a square cross-section having an edge length of approximately 70 mm 
(Fig. 3) and a length of approximately 100 to 200 mm (Fig. 4). Then the briquettes are 
further stabilized by drying (C.6). 
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Based on a water content of the briquettes before drying of approximately w = 30 ma.-%, it 
is intended to achieve a water content (final moisture) of 25 ma.-% ≤ w ≤ 15 ma.-% after 
drying. One should get approximately 35,500 t/a briquettes based on a water content 
w = 22 ma.-% after drying. 

 
Fig. 3. Biomass briquette, cross-

section. 
Fig. 4. Biomass briquette, longitudinal view. 

3.4 Advanatages of the Process to Enlarge Throughput of the Plant  

For standard decomposition processes using bio waste from municipal collection the 
duration of the rotting process is approximately 10 weeks for one throughput. Usually the 
heavy to compost materials, such as wood, are already separated after rotting from the 
produced compost and sent back to high rate phase. The higher the share of heavy to 
compost materials is, the higher the amount that must be returned. Consequently, 
operational costs increase and profit declines.  

From the process described here the heavy to compost materials – generally wood pieces 
– are already separated during first rotting and pressed to biomass briquettes after further 
mechanical preparation/processing steps. By separating the hard to compost materials 
with the objective of fuel production, the return of this fraction (see above) is avoided. 
Furthermore, rotting time can be significantly reduced to 30 days (approximately 4 weeks 
compared to 10 weeks). During this shortened rotting time only easy to compost materials, 
such as grass, leaves and kitchen waste, are turned into compost. The compost has been 
examined by the Federal Compost Quality Association (Bundesgütegemeinschaft 
Kompost e.V.) and has received the compost quality stamp [12].  

The separation of the heavy to compost fraction and its further preparation to a biomass 
fuel briquette reduce the burden on operations in a compost plant. 

4 Utilization of Biomass Briquettes as Fuel   

Considering the current situation of the biomass fuel market there are good marketing 
possibilities for biomass briquettes. The biomass briquettes can be used in combustion 
plants (e.g. larger plants with steam generator, smaller plants for heating) and for 
gasification processes (e.g. small gasifiers with gas motor behind). The fuel-technical 
properties are decisive for the specific use of these briquettes. These properties must suit 
the intended application (type of combustion or gasifier). Specific properties to mention are 
the calorific value, ash content, water content, burnout behavior, mechanical strength, so-
called fire resistance and trace materials.  
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Analysis values of the prepared material for briquette-making [14] (“finished mixture“; 
according to C.3 in Fig. 4) and for the finished briquettes, when compared with the fuel 
criteria according to RAL-GZ 428 (Institute for Quality Certification and Designation) (RAL 
quality stamp) indicate, that a good quality is achieved (Table 1). A higher chlorine content 
is typical for many biomass fuels in comparison with fossil fuels. In contrast to most 
substitute fuels out of refuse (from mechanical-biological preparation/processing of 
municipal waste), over 90 ma.-% of the chlorine content is in inorganic form with biomass 
fuels. The same applies to the biomass briquettes discussed here. In this connection the 
corrosion and contamination potential will be discussed in more detail later on. Depending 
on the amendments (see main section B and C in Fig. 2) and the raw material the 
composition of the end product may vary  

From the process discussed here there are several possibilities, based on process control, 
to have a targeted influence on the fuel-technical properties of the biomass briquettes in 
order to react to varying requirements of the power plant operators. The following gives a 
brief survey of the fuel-technical properties.  

Sample RAL-GZ              
428/5 and 428/3 

finished mixture 
(example)1 

briquette, before drying 
(example)1 

water [ma.-%] ≤20 20.7 17.9 

ash  
815 °C 

[ma.-%] - 11.0 35.4 

heating value [MJ/kg]wf  18,730 13,760 

arsenic [mg/kg]wf ≤2 ≤2 ≤2 

lead [mg/kg]wf ≤30 32 60 

cadmium [mg/kg]wf ≤2 <0.6 1.0 

chrome total [mg/kg]wf ≤30 31 177 

copper [mg/kg]wf ≤20 76 171 

mercury [mg/kg]wf ≤0.4 0.36 <0.07 

fluorine total [mg/kg]wf ≤100 62 87 

chlorine total* [mg/kg]wf ≤600 3,100 4,300 

chloride (Cl-), 
inorganic. 

[mg/kg]wf  not determined 4,210 

PCP [mg/kg]wf ≤3 ≤0.05 ≤0.05 

PCB [mg/kg]wf ≤50 0.118 <0.005 

1)
 The shown examples don’t derive from the same raw material. 

Tab. 1. Fuel criteria according to RAL-GZ 428 and analysis data “finished mixture“ and 
briquette (examples). 
* Chlorine contents of various biomasses [15] (examples); Cl in [mg/kg]wf: wheat grain 673; rice 
grain 567; rice huls 673; bio compost 1339; wheat straw 3300; grass 7315. 

4.1 Targeted Setting of Fuel-Technical Parameters  

Fuel-technical properties can be described by 

• mechanical,  
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• chemical, 

• calorific,  

• and reaction-technical parameters [3] [7].  

For the production process of the biomass briquettes the setting of fuel-technical 
parameters can be specifically accomplished by  

• targeted material flow management of the input streams, including additional 
materials 

• adaptation of process parameters  

o for separation and crushing processes, 

o for pressing process and 

o for drying. 

For example, by changing the screen mesh width (e.g. in screen plant B.1) the 
compost share in the screen overflow can be increased (reduce mesh width) or 
reduced (increase mesh width). Furthermore, the share or mixture of additional 
materials at B.2 (e.g. wood share) or C.3 (e.g. cotton) can be set variably. This 
enables setting the calorific value, strength or ash content of the briquettes. These 
parameters can be further influenced by varying the incline and frequency of the 
flip-flow screen at screen plant B.3 and at the hard material separator B.4. One also 
can adjust the fire resistance of the briquettes by way of the parameters for the 
briquette-making process (e.g. grain size, grain size distribution, water content, 
additional materials, briquette size, pressing pressure of the extruder press). During 
final drying (C.6) the calorific value and the strength of the briquettes can be further 
influenced. 

In addition to the fuel-technical analyses (elementary and trace compositions, calorific 
value and ash melt behavior), examination of the combustion behavior in a batch reactor 
[8] was done and tests were conducted in a biomass incinerator with a grate system 
(mixture out of 80 ma.-% old wood and 20 ma.-% biomass briquettes). The briquettes 
showed the same ignition and burn behavior in the batch reactor and biomass incinerator. 
As shown in Fig. 5, the initial shape of the briquette is well maintained in the burnout zone 
of the grate of the biomass incinerator. This provides good fire resistance, low decay 
tendency and reduced danger of dust discharge. The burnout of the briquette was almost 
complete at the ash discharge of the combustion grid and in the batch reactor (Fig. 6) 
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Fig. 5. Biomass briquette, burnout zone of the 
grate. 

Fig. 6. Biomass briquette, burnout, batch 
reactor. 

In section 4.2 more information is given about the examinations in the batch reactor in 
connection with chlorine release and corrosion potential. 

4.2 Corrosion and Contamination Tendency of Biomass Fuels   

In order to evaluate the corrosion potential of a fuel it is not only sufficient to determine the 
chlorine content in the fuel. One must further consider the type of bond (organic, 
inorganic), the compound itself (e.g. PVC, KCl, NaCl) and the complex action of further 
fuel components such as alkalis, sulfur, heavy metals (mainly zinc and lead), ash content 
and ash melt behavior. Some knowledge has already been gained about the incineration 
of fossil fuels with high chlorine (e.g. [19]) respectively high salt contents (e.g. [10]) and 
municipal solid waste incineration (e.g. [11]). This knowledge gives important information 
about the corrosion potential in connection with the use of biomass fuels in thermal 
processes. 

For evaluating the corrosion potential of a fuel, the bond type of the chlorine (organic or 
inorganic) must be considered in addition to the already mentioned chlorine content. 
Chlorine with an organic bond is usually found in fuels with a high content of plastics 
(mainly PVC) such as RDF (Refuse Derived Fuel). The chlorine share with inorganic bond 
is at maximum 2 % with these fuels [16]. It is known from examinations focusing on the 
thermal decomposition of PVC in helium atmosphere and a heating-up rate of 20 K/min 
that at approximately 300 °C the separation of chlorine is practically quantitatively and HCl 
forms [18]. In contrast to RDF, approximately 95 % of the total chlorine content of biomass 
briquettes (produced from fractions of compost plants) is present in the form of alkali and 
alkaline earth chlorides (inorganic bonded chlorine) which can be released as chlorides 
(Fig. 7) depending on the temperature level and SO2-concentration or released by way of 
sulfating reactions as sulfates with the result of chlorine formation (HCl and Cl2). With the 
combustion waste gas these volatile chlorides are transported to the convective heat 
exchanger surfaces. Since the various salt species (alkali and alkaline earth chlorides) 
enter saturation at different temperatures there will be a fractioned deposition of the salts 
in the deposits on the heat exchanger surfaces [22], [23].. 
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Fig. 7. Vapor  pressure for NaCl, KCl and MgCl2 vs. temperature [9]. 

Considering this situation combustion tests were conducted with the biomass briquettes in 
a batch reactor. For the qualitative determination of the components in the combustion 
gas, which can form deposits on cold steam generator walls and pipes, a probe cooled 
with compressed air was installed. With combustion chamber temperatures in the range of 
900 to 1,000 °C, the surface temperature of the probe was cooled down to approximately 
300 °C. At this cooling spot deposits formed which were then examined in the lab in regard 
to their chlorine content. Only slight deposits were found on the probe. The chlorine 
content of coatings was 5 to 7 ma.-%. This corresponds to the standard values of chlorine 
contents in the deposits of biomass combustion plants. In the deposits of municipal solid 
waste incinerators between 5 and 15 ma.-% chlorine is found depending on the examined 
area. In regard to the corrosion risk it must further be pointed out that in biomass fuels 
(e.g. wood pellets or garden waste) the sulfur to chlorine ratio is significantly lower 
compared to the standard fuels such as lignite or coal (Fig. 8).  
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Fig. 8. Chlorine content and molar ratio sulfur to chlorine for selected standard fuels, biomass 

fuels and RDF [9]. 
  Sources: Plastics, sewage sludge, lignite, coal: [1]; RDF, pellets, garden waste: [25]; 

municipal solid waste: [2], solid recovered fuels: [24]; wood pellets: [13]. 

The corrosion potential is decisively influenced by the sulfur content in the fuel, 
respectively the SO2/SO3-concentration in the flue gas [9]. Operations at coal fired power 
plants showed that an increased sulfur to chlorine ratio in the fuel reduces its corrosion 
potential. The damages or importance of the coatings and coating development as cause 
of damages and the dynamics of connected damaging processes are described in [11], 
[22], [20]. 

The so-called sulfating reaction for chlorides is decisive, that means the transformation 
from chloride salts to sulfates. With very low SO2, respectively SO3, concentrations there 
are already alkali and alkaline earth salts in sulfatic form (as sulfates). The chlorine is 
driven out of the deposits and consequently the corrosion potential of the deposits is 
reduced. 

There are very complex chemical interactions during the thermal treatment of biomass 
fuels. Furthermore, the specific process parameters for incineration, respectively 
gasification (e.g. air ratio, primary to secondary air ratio), have a major influence on the 
corrosion and contamination of the heat exchanger surfaces. In addition, the corrosion and 
contamination behavior upon using biomass fuels in incinerators cannot be simply “scaled-
up“ from a test or pilot scale to industrial plants.  

One must generally conduct tests in the specific plants in order to obtain information about 
contamination and corrosion so as to optimize plant operations (upon using a specific 
fuel). Concerning fuels with unknown corrosion potential the willingness of plant operators 
to conduct long-term tests is understandably low because of the potential danger of 
damages. There is, however, the possibility of conducting the following short-term 
examinations to first estimate the corrosion and contamination potential of a specific fuel or 
plant operation:    



IT3-CONFERENCE 2007, PHOENIX, ARIZONA, BECKMANN-KRUEGER  PAGE  13 

• Ash to salt proportion (ASP) examination in the waste gas stream (approx. 1 day), 

• Online measurement of heat flux density on the steam generator (approx. 1 week). 

One can obtain specific information about the corrosion potential of the incineration 
products in the flue gas with the assistance of the ash to salt proportion (ASP) of the 
particle loads in the waste gas. It is thus possible to estimate the contamination and 
corrosion tendencies depending on the given or specifically implemented operation 
situation (e.g. by selecting a specific fuel). To carry out the ASP measurement a special 
probe is installed in the flue gas stream. The probe separates particles out of the flue gas 
stream. Generally these measurements are done approximately 5 to 10 times a day as 
part of an examination campaign and 2 to 4 measuring days per operation variation are 
integrated into one result. The linkage of the results from these measurements to long-
term experience, comparisons with other plants and results from plant shutdown 
inspections enable an estimation of the corrosion and contamination potential of the 
operational situation at the time of the measurement. Corresponding procedures are being 
developed as part of research projects and plant operation examinations [20], [21]. 

A further measuring method to estimate the contamination potential of a fuel involves the 
online heat flux measurement on membrane walls of steam generators of incineration 
plants [6], [4], [5]. This method enables measurement of the operation-specific heat 
resistances (deposit layers) on the membrane walls of steam generators. For conducting 
the heat flux measurements, thermocouples are fixated on the outside of the fin of the 
membrane wall and at the outer vertex of the tubes of the membrane wall. Using the 
temperature difference between the two measuring locations, it is possible to calculate the 
heat flux density on the membrane wall, respectively changes of the heat flux density in 
regard to location and time. If during current operation of the plant a fuel with high 
contamination potential is charged, the resulting formation of deposit layers can be directly 
detected. Consequently, no long-term tests in industrial boilers are necessary in order to 
determine the contamination potential of a fuel.  
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5 Summary and Outlook  

The objective of the process described here is, among other things, the concurrent 
production of quality compost and biomass fuel out of bio and plant material waste. 

The operation parameters can be varied to the extent that the ratio of the amount of 
compost and fuel as well as the quality of compost and fuel can be set in wide ranges. 

Consequently, plant operation in the compost plant can be largely disconnected from 
seasonal fluctuations of raw material composition and demand for compost.  

The fuel-technical analyses of the biomass fuel, examinations in the batch reactor and 
biomass incinerator show that the fuel is well suited in regard to its ignition and burnout 
behavior. Further examinations involving deposit formation, corrosion tendency and 
connected optimization of fuel quality during production must be conducted for each new 
application case.   

Examinations are required for the specific operation plant due to the complex interaction of  
fuel components and process parameters during thermal utilization of the biomass 
briquettes. Estimates of contamination and corrosion tendencies are already possible with 
short-term analyses and measuring methods such as ASP and online heat flux density 
measurement. Consequently, the danger of damages, as is given for long-term tests, is 
very low.  
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