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Application of pyrolysis process in processing of mixed food wastes
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The food industry produces large amounts of solid and also liquid wastes. Different waste materials and their 
mixtures were pyrolysed in the laboratory pyrolysis unit to a fi nal temperature of 800°C with a 10 minute delay at 
the fi nal temperature. After the pyrolysis process of the selected wastes a mass balance of the resulting products, 
off-line analysis of the pyrolysis gas and evaluation of solid and liquid products were carried out. The highest 
concentration of methane, hydrogen and carbon monoxide were analyzed during the 4th gas sampling at a tem-
perature of approx. 720–780°C. The concentration of hydrogen was measured in the range from 22 to 40 vol.%. 
The resulting iodine numbers of samples CHFO, DS, DSFW reach values that indicate the possibility of using 
them to produce the so-called “disposable sorbents” in wastewater treatment. The WC condensate can be directed 
to further processing and upgrading for energy use.
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INTRODUCTION

  A wide range of waste is produced in agriculture and 
also in the food industry. These biodegradable wastes are 
an important group of wastes that threaten the environ-
ment in the case of landfi lling. Directive No. 1999/31/
EC on the landfi lling of waste1 requires the Member 
States of the European Union to reduce the amount 
of biodegradable waste deposited in landfi lls until 2010 
to 75 wt.%, until 2013 to 50 wt.%, and until 2020 to 35 
wt.% of the weight of this type of waste generated in 
the year 1995. 

Wastes from the food production are still mostly dispo-
sed of by landfi lling, only a small part is used for a feed 
purposes or for the production of biogas2 and compost3. 
This waste has long been regarded only as a material 
for liquidation, and not as a potential high-quality se-
condary raw material. Disposal or rational use of food 
wastes represents today a major challenge in terms of 
environmental protection, but also from an economic 
perspective. Energy utilization of waste is a progressive 
method, which provides many advantages4. In recent 
years, due to effort to use renewable energy instead 
of fossil fuels, new technologies of pyrolysis have been 
developed, especially for thermal processing of biomass5. 
Thermal methods are promising technologies that allow 
transforming certain types of wastes to quality fuel or 
valuable chemical raw materials.

Prerequisite for their successful application is the 
appropriate choice of input materials and setting of 
optimal process conditions6. For these reasons, suita-
bility or unsuitability of selected types of waste and 
their mixtures for the pyrolysis process was verifi ed by 
laboratory experiments with subsequent assessment of 
the quantity and quality of the individual products of 
pyrolysis. Pyrolysis (carbonization) belongs together with 
gasifi cation and combustion to the group of thermoche-
mical processes. It is based on the thermal decomposition 
of organic materials in the absence of oxidizing media 
(air, carbon dioxide, water vapor). The possibility of 
using food wastes through thermal reduction methods 
is presented in the paper7, the authors focused mainly 
on the quantity and quality of the process gas. Pyrolysis 

of food waste with respect to the production of bio-oil 
is also the subject of the papers8, 9. Microwave pyrolysis 
with catalysts is a feasible method to handle food wa-
ste10. In this work11 catalytic cracking of biomass waste 
oil fractions separated from food waste leachate using 
microporous catalysts is presented.

MATERIAL AND METHODS 

For the experimental part the following samples of 
waste were chosen:

– CH – cocoa husks (OpaviaLu, Ltd.),
– CHFO – 90 wt.% cocoa husks + 10 wt.% waste 

frying oil from restaurant appliances (OpaviaLu, Ltd.),
– DS – dust from the silo from sunfl ower seeds (STZ, 

Inc. Olomouc),
– DSFW – 90 wt.% dust silo + 10 wt.% waste fatty 

water (STZ, Inc. Olomouc),
– WC – waste cellulose from the production of edible 

oils (STZ, Inc. Olomouc),
– WCFW – 90 wt.% waste cellulose + 10 wt.% waste 

fatty water (STZ, Inc. Olomouc).
The above mentioned types of wastes are generated in 

the amount of 80 to 100 tons per month. Most of these 
wastes are disposed of by landfi lling. Selected types of 
wastes had to be modifi ed before the experiment (granu-
lometry). The knife mill was used to adjust the required 
size of 8 x 8 mm. The food industry is producing large 
amounts of solid and also liquid wastes. Mixtures of liquid 
waste with a suitable type of solid waste were created 
in order to compare the effectiveness of thermal treat-
ment of the wastes and their mixtures. For the samples 
CH, DS and WC proximate and ultimate analysis were 
carried out (see Table 1). To determine the moisture, 
the volatile matter and the ash the standards ČSN 44 
1377, ČSN ISO 562 and ČSN ISO 1171 were used.  For 
determination of HHV by the bomb calorimetric method 
the standard ČSN ISO 1928 was used.

The liquid samples, i.e. waste frying oil and waste fatty 
water, were submitted to the following examinations 
(see Table 2). 
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Experimental device 
Laboratory apparatus assembled for the purpose of 

experiments is shown in Figure 1. A sample with an 
appropriate mass (80 g) was placed into the prepared 
retort. The retort was gas-tightly closed, inserted into the 
tube furnace and connected to the rest of the components 
of the device, so that the condensate was captured in 
a fl ask and the production of process gas was measured 
afterwards. The nitrogen was used as an inert medium for 
the pyrolysis experiments. The fl ask was cooled down by 
ice with sodium chloride to achieve a lower temperature 
(around –10°C). The heating of the retort was set up to 
15 K per minute to the fi nal temperature of 800°C. The 
pyrolysis gas was cooled in a water cooler and cleaned 
in a wash tank with acetone water. Afterwards the pyro-
lysis gas samples were taken discontinuously at different 
processing temperatures into a glass sample containers. 
The selected combustible components were analyzed 
by gas chromatography (methane, ethylene, propane, 
hydrogen, carbon monoxide and carbon dioxide). The 
reproducibility of the results was verifi ed.

Table 1. Proximate and ultimate analysis (converted to the original sample)

RESULTS AND DISCUSSION

Mass balance of the pyrolysis tests was determined 
by weighing the particular products from the pyrolysis 
(solid residue, liquid residue). The amount of resulting 
gas was calculated up to 100%. Distribution of the 
individual products is primarily based on the reaction 
temperature. The most important properties are the 
elemental composition and the structure of the input 
material. The increase of liquid residue of WC sample is 
probably caused by higher content of oxygen in original 
material. Materials with a higher content of oxygen yield 
oxygenated products during the pyrolysis more. The ad-
dition of waste frying oil to the sample CH caused an 
increase of the liquid phase with a concomitant decrease 
of the solid phase. By adding waste fatty water to DS 
and WC we can observe the increase of condensate by 
about 5 wt.%. 

Figure 1. Pyrolysis apparatus

Figure 2. Mass balance of pyrolysis process

Table 2. Parameters set of waste frying oil and waste fatty water

Analysis of gaseous products 
Analysis of the pyrolysis gas was performed with the 

use of the Agilent 7890A gas chromatograph with fl ame 
ionization detector (FID) and thermal conductivity de-
tector (TCD). For separation of gaseous components the 
GasPro column (length 60 m, inner diameter 0.320 mm) 
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was used. FID was used to detect methane, ethylene 
and propane. Hydrogen, carbon monoxide and carbon 
dioxide were detected by TCD. For dosing the gaseous 
samples a metering loop was used and the output signal 
was recorded and processed by the HP ChemStation 
computer software. Conditions for the chromatographic 
analysis are shown in Table 3.

Samples of the pyrolysis gas were taken from the mo-
ment when the gas started to evolve as well as during 
the most intense evolution of gas. Based on this prin-
ciple of gas offtake, the temperatures of gas sampling 
were different for each gas sample (see Fig. 3). Four 
samples of gas were taken for each waste; due to very 
low concentrations the fi rst sample was omitted. The 
highest concentrations of methane, hydrogen and carbon 
monoxide were analyzed during the 4th gas sampling at 
temperature of approx. 720–780°C, with the exception 
of samples DS and WC (decrease of carbon monoxide). 
The addition of frying oil to the sample CH caused in 
the 4th sampling the reduction of the hydrogen content 
by 9 vol.% with simultaneous increase of the content of 
methane and carbon monoxide. The lower heating values 
of gas (4th sampling) of the CH and CHFO were almost 
comparable (CH: 15.7 MJ · m–3/CHFO: 15.6 MJ · m–3). 
In the case of mixtures with the waste fatty water the 
lower heating values are following – 4th sampling DS: 
13.7 MJ · m–3/DSFW: 15.3 MJ · m–3; WC: 17.0 MJ · m–3/
WCFW: 17.5 MJ · m–3. 

concentration fl uctuated in specifi c stages of the process 
(4th sampling) in the range from 22 to 40 vol.%. 

Evaluation of solid residues in terms of adsorption 
properties 

Basic determination of solid residues of pyrolysed 
samples was done to defi ne the sorption capacity (the 
iodine adsorption number). To determine the iodine 
adsorption number I, which provides information abo-
ut the microporous structure of the solid product, the 
standard DIN 53 58217 was used. The automatic pyc-
nometer PYCNOMATIC ATC was used to analyze the 
true density ρ of the solid products (helium was used 
as a medium). Nowadays a new trend is growing up for 
production of sorbents from biomass and various kinds 
of waste materials. These raw materials are available at 
minimal cost, for example timber, sawdust, pine cones18, 
shelled pistachio nuts19, fruit peels20, fruit stones21, tea 
leaves22, sewage sludge from industrial wastewater treat-
ment plants23 and other. The following table shows the 
results of ultimate and proximate analysis (moisture W, 
ash A, volatile V), iodine adsorption numbers I and true 
density ρ of samples after pyrolysis. 

The iodine numbers of samples CHFO, DS, DSFW 
reach values that indicate the possibility of using them 
to produce the so-called “disposable sorbents”. These 
types of sorbents could be used in wastewater treatment 
(to capture cations of heavy metals or some organic 
compounds). In the case of the other samples the spatial 
structure of the original material probably negatively af-
fects the sorption capacity of the resulting solid product. 
The solid residues of mixed samples have a higher true 
density. Process of the carbonization in terms of pre-
paration of the adsorbents can be affected in different 
ways, e.g. the fi nal carbonization temperature, the heating 
rate, the granulometric composition of raw materials, 
carbonization under elevated or reduced pressure, etc. 
Material with a high adsorption capacity can be obtained 
by activating the carbonized product under conditions 
where the activating agent (water vapor, CO2, etc.) is 
reacted with carbon. Material with a high adsorption 
capacity can be produced also in another way, so that 
the carbonaceous initial material is carbonized with the 
addition of the substances restricting the formation of tars 
(e.g. ZnCl2 or other Lewis acids). The high adsorption 
capacity of adsorbents is due to a large number of pores 

Figure 3. Analysis of gaseous products for the pyrolysed samples

Table 3. Conditions for analysis of gaseous product by means of a gas chromatograph

Table 4. Proximate and ultimate analysis, iodine adsorption number and true density 

The production of hydrogen is an important parameter, 
which is discussed in a number of papers on process 
conditions and thermodynamic effi ciency12, 13, 14, 15, 16. 
In the case of the pyrolysis experiments the hydrogen 
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type it is quite complicated to fi nd an application with 
the exception of mixtures containing the component 
whose value could compensate for the cost of separation. 
The substances used in the fl avours industry are among 
the most represented components of the given mixture 
(capronaldehyde, valeric acid, caprylic acid, caproic acid). 
Possible utilization could be based on these components 
as seen in the table below.

CONCLUSION

The resulting pyrolysis products (solid product, con-
densate and gas) are dependent on the composition of 
the treated waste and process conditions. Process condi-
tions can be variously modifi ed with respect to quantity 
and quality of the products that we want primarily to 
obtain. The advantage of thermal reduction processes 
is the emergence of process gas containing combustible 
components such as methane, hydrogen, and carbon 
monoxide which can be used for energy production.  
There is also potential for energy use of condensate (the 
low heating value of WC condensate is 33.1 MJ · kg–1). 
The resulting iodine numbers of samples CHFO, DS, 
DSFW reach values that indicate the possibility of using 
them to produce the so-called “disposable sorbents” in 
wastewater treatment (to capture cations of heavy me-
tals or some organic compounds). For a comprehensive 
assessment of their suitability it would be necessary to 
provide additional characterization of their basic para-
meters, such as surface area, pore volume, pore size 
distribution, bulk and apparent density. By adding waste 
frying oil to the CH sample, an increase of the value of 
the iodine adsorption number from initial 107 mg ∙ g–1 
to 199 mg ∙ g–1 has been achieved. By adding waste fatty 
water to the DS sample, an increase of concentration 
of hydrogen by 8 vol.% has been achieved. The topic 

of different sizes. Their application is primarily in the 
so-called cleaning technologies24. 

Evaluation of condensates 
Currently, the pyrolysis condensate (a very complex 

mixture of oxygenated hydrocarbons with an appreciable 
proportion of water) has attracted considerable interest 
due to its several applications in industry. Although it has 
been proven to be a promising alternative to petroleum 
fuels, it also has a potential for use in producing value-
added chemicals. On the base of the mass balance after 
the pyrolysis experiments the condensate of WC sample 
was analyzed. Analyses were performed externally in the 
laboratory Deza, Inc. The content of carbon, hydrogen, 
nitrogen and sulphur was determined with the use of 
the unit NA 1500 (Fisons Instruments, Milan), operated 
in the CHNS mode, calibrated according to standard 
commercial phenanthrene in compliance with Internal 
Regulation No 312/1. Water content was determined by 
the Karl-Fischer method (ČSN ISO 760). 

The heating values of the organic phase of the WC 
condensate from pyrolysis indicate the possibility of its 
further use for energy recovery. The above mentioned 
sample was also subjected to the determination of organic 
ingredients provided by GC – MS gas chromatograph HP 
6890 (HP 5973 MSD) with temperature programme of 
60–280°C (temperatures of the mass spectrometer: the 
ion source 230°C, the quadrupole 150°C). For separation 
the HP – 5MS inert column (length 60 m, inner diameter 
0.320 mm) was used. The split ratios were 50:1, 20:1, 
and 10:1. Chloroform was used for sample preparation. 
The results are shown in Table 6.

The results demonstrated that the pyrolysis liquid pro-
duced during the process is a multicomponent mixture 
wherein the concentration of the most representative 
components does not exceed 10%. For mixtures of this 

Table 5. Proximate and ultimate analysis of WC condensate

Table 6. Determination of organic components 
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presented in this paper is wide and offers a variety of 
pyrolysis process modifi cations of selected types of waste.
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