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allowing for maximum recovery of energy and raw materials from the processed side 
animal products, many-sided utilization of biofuels recovered from that raw material, 
elimination of emissions are the examples of the implemented cleaner production 
solutions. The FARMUTIL HS works has the virtue of being a diversified production 
complex capable of utilizing the large energy amounts generated in the process of raw 
material disposal. 

As concerns strategy, the elimination of odor emission is of utmost importance for 
the company image. Application of the thermal odor removal method in MBM production 
from the l " category raw material resulted in a considerable improvement of the situation. 
The problem should finally be solved by the intended implementation of the thermal 
removal method of odors in MBM production from the 2nd and 3rd category raw materials, 
combined with process modernization and other detailed activities. It seems possible to 
create a consistent waste management system in FARMUTIL HS being an example of 
a production complex which uses cleaner technologies. Figure 2 is a diagram showing 
interconnections of energy and material flows in the existing production lines which are 
illustrative of the cleaner production system elements being already used. 

Off -process recycling ofmeat 
wastes 

·· ·· · · · ·· · · ·· ·· · ·· · I 
MB.\1 and fat productiou (wash: t:S! 
recycling and re-lli e for biofuel - - - -· - - - -- , 

production) 
ti ) 

iEoe-i-gy recycling (3) 

Fat combustion (energy recovery 
from wastes. steam and electric 
power generation from biofuel) 

(2) 

. 

. 
fer sale 

Cleaner production options· 
1 - off -precess recycl ing of meat wastes: processing and re-use of westes. bioiud (iat) recovery from 

meet wanes ; 
: • ".O~f&.} ' recovery f ,oru fat (biofud); 
3 • in-precess recovery of thermal entrgy. 

Fig. 2. Diagram showing interconnections of material and energy streams in the existing production lines 

Possibilities of odor removal from the meat and bone meal production process 
The occurrence of odors in the area of an industrial plant and in the surroundings is one 

of the basic determinants of the impact of a production activity on the environment quality. 
That factor determines also the labor comfort and the conditions in the neighborhood of 
the plant. The sensory analysis examines odor persistence and determines odor intensities 
in a way allowing one to obtain repeatable results [7]. 

Smells are recognized by the human organism thanks to the olfactory cells. The 
information about odorants is transmitted then to the brain, more specifically, to the smell 
analyzer [7]. The basic term being used in the sensory analysis is the detection odor 
threshold. It is the concentration at which the odor can be detected by 50% of a group 
representative of the population. In the case of air pollution assessment, the odorant 
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The EKOUTIL rendering plant processing the l " category meat wastes, which can 
be numbered among the most advanced plants in EU because of the technology and 
equipment applied, was commissioned in May, 2005. 

The OXIDOR system is used there to thermally oxidize organic pollutants being 
the cause of unpleasant odors. Vapors from the technological line are treated. They are 
supplied to the thermal oxidizer's chamber through cyclones and a system of piping 
(Fig. 3). Also air from the raw material acceptance rooms and the production rooms is 
delivered there. The aforementioned rooms are enclosed and airtight, and operate under 
slight vacuum. The thermal oxidizer is made up of the following cooperating equipment 
(Fig. 4): 

rotary cup burners, fired with animal fat or natural gas; 
an oxidizing chamber provided with a refractory lining; 
a heat exchanger including chamber's piping; 
a steam boiler for the OXIDOR system; 
an exhaust fan forcing the flue gas to the stack; 
pipelines to deliver vapor from the MBM production unit and air from the 
production rooms. 

Fig. 3. Thermal oxidizer manufactured by the Spanish company Tremessa Rendering and operated at 
EKOUTIL 

-·I--·-· ! " "" " "#$ %" ! " ! &! " ! " ' " " " " " ("" " " ! " !
I I I I I 

' j - i i ' j 

Fig. 4. Process diagram of the thermal oxidizer 
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In the oxidation chamber, the organic pollutants contained in the vapor and in the air 
and being the source of the unpleasant odor become completely oxidized and destroyed at 
a temperature of 950°C and the residence time of ca. 2.02 sec. The combustion products 
are: water vapor, carbon dioxide, traces of sulphur dioxide and nitrogen oxides. The 
system enables thermal disposal of more than 16 Mg/h of the process unit vapors and 25 
Mg/h of the process room air. The plant is quite complicated with regard to technology 
and investment-cost intensive. The basic fuel is the animal fat produced in the process of 
meat waste rendering. 

METHODOLOGY 

To assess the effi ciency of the EKOUTIL's odor removal system the subjective 
sensory analysis was used at fi rst. The odor level assessment was made in August, 
2006. A five-person panel was arranged in five locations at a distance of 30 m from the 
EKOULTIL's production building. After writing down the detection odor level, the panel 
members changed their positions in succession. All 25 assessments said the odor was 
imperceptible. 

Other measurements, in this case of the composition of the effl uent from the 
OXIDOR system, were carried out in April , 2006 (by the Madex company) and in July, 
2006 (by the Emi Pro company in cooperation with Laboratory for Trace Organic Analysis 
of the Cracow University of Technology and the Health Institute Laboratory, Czech 
Republic). The analytical results were compared with the permissible Polish [I 8] and EU 
[5] standards. To determine OXIDOR system effluent components the latest analytical 
methods were used. The analytical laboratories were duly accredited. 

At the emitters of the EKOUTIL and PILUTIL facilities the concentrations and 
emissions of the following compounds were measured: total dust, organic substances 
in gas and vapor form (as total organic carbon), hydrogen chloride, hydrogen fluorine, 
sulphur and nitrogen dioxides, carbon monoxide, 12 toxic metals as well as polychlorinated 
dibenzodioxins (PCDD) and dibenzofurans (PCDF). 

Dry gas specifi c density under standard conditions, the static pressure in the duct, 
gas temperature and moisture content were determined to define gas conditions in the 
duct. Those parameters were measured according to the Polish Standard [ I 6]. The gas 
volume stream was measured by means of the EMIOTEST device. Gas velocity in the 
duct was determined basing on differential pressure measurement by means of a type S 
impact pressure tube. The gas volume stream is the product of the measured gas velocity 
ami the area of the gauging section. 

The concentration of dust was determined by the gravimetric method according to 
the standards [13, 16). All gaseous samples were taken in duplicate by passing them 
through glass-fiber fi lters placed in a dust separator. The isokinetic flow of the gas stream 
taken was controlled by means of a device, of e.g. EM I OT EST 2594 type, having a heated 
filtration chamber. The samples were isokinetically taken from representative points of 
the emitter's gauging section. 

In order to determine mass contents of NO,, CO, CO2, 02, and SO2 in gases leaving 
the thermal oxidizer, the measurements were carried out by means of a portable flue gas 
analyzer, LANCOM Series Il . The analyzer is provided with electrochemical sensors and 
allows for concentrations of 3 to 9 gases to be measured. Moreover, it can measure CO2 
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and the pressure. Also a microprocessor-based PHOTON analyzer was used that was 
equipped with an IR radiation absorption meter. 

In order to determine concentrations of metals, the flue gas was passed through 
borosili cate glass-fi ber fi lters placed in a dust separator with a heated fi ltration chamber. 
Afterwards it was cooled down to separate condensate. The aspiration was conducted with 
the isokinetic flow of the gas stream taken being controll ed by means of an EMIOTEST 
type device. Gas samples were collected foll owing the standards [ 13, 16] to ensure taking 
a sample representative of the stream being tested. In the sample of dust captured in the 
fi lters and in the condensate the following were determined: antimony, arsenic, cadmium, 
chromium, cobalt, copper, lead, manganese, mercury, nickel, thall ium, tin, and vanadium. 
The chemical analysis was made using the inductively coupled plasma mass spectrometry 
(ICP-MS) method. 

Flue gas samples to determine hydrogen chloride HCI and hydrogen fluoride HF 
concentrations were taken by passing the gas through sorptive solutions at a constant 
aspiration rate of 50-60 dm3/h offl ue gas ( on dry flue gas basis under present conditions). 
An automatic ASP II suction apparatus was used. Also water condensate separated from 
the gas stream was analyzed. Sampling was done according to the standard [14] for 
both hydrogen chloride and hydrogen fluoride. The samples were analyzed by liquid ion 
exchange chromatography. 

Moreover, during normal operation of the thermal oxidizer gas samples were taken 
to determine the content of volatile organic compounds emitted to the atmosphere. The 
flue gas samples were drawn in through a sorptive bed of activated carbon by means 
of an automatic ASP II suction apparatus at a constant volumetric rate of 20 dm3/h. 
Both the volume of the samples coll ected and the aspiration rate were controll ed. The 
adsorbed organic compounds were extracted with carbon disulphide CS

2
• The content of 

organic compounds was determined by means of the capill ary gas chromatography using 
a chromatograph equipped with a flame-ionization detector (FID). 

Gas samples to determine polychlorinated dibenzodioxins and dibenzofurans were 
taken according to the standard [ 15]. Prior to sampling a mixture of 13C-labelled standards 
of polychlorinated dibenzodioxins and dibenzofurans was spread on polyurethane foam 
(PUF) to determine possible losses of analytes over the long-lasting sampling process. 
The sample taken was passed through a borosili cate-glass fiber fi lter (the dust fraction) 
arranged in a dust separator of PTFE. After separation of the solid fraction on the soli d 
sorbent the gas fraction was isokineticall y passed through the polyurethane foam by 
means of EMIOTEST type devices with a heated fi ltration chamber. 

Furthermore, water condensate was sampled which had been created due to flue 
gas stream cooli ng down. Sampli ng of gas was done foll owing the standards [ 13, 15, 16] 
to ensure taking a sample representative of the stream being tested. The samples taken 
were analyzed according to the standard [ 15], parts II and II I. The analytes adsorbed to 
the fi lters and to the polyurethane foam were extracted in a Soxhlet apparatus and the 
resulting extract was cleaned be means of multi-stage li quid chromatography techniques. 
After cleaning, the PCDD/Fs content in the extract was determined by means of gas 
chromatography coupled with mass spectrometry (GC/MS). 

The toxicity level of the analyzed sample was expressed in terms of TEQ (toxic 
equivalents) calculated basing on the analytical results of mass contents of all PC ODs and 
PCDFs congeners having chlorine atoms in the 2, 3, 7, and 8 positions. The TEQ numerical 
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insulated, circular duct of steel having the inside diameter of 1.2 m. The measurement 
points were arranged according to the vali d standard on the measurements of flue gas 
flows [ 16]. 

The conditions prevaili ng when making measurements at the EKOUTIL's emitter 
are summarized in Table 2. The measurement results of NO,, CO, CO2, 02, S02, HCI, and 
HF contents are shown in Table 3. The measurement results of toxic metal concentrations 
are given in Table 4. The analysis included not only metals adsorbed to dust particles 
and collected on fi lters but also those contained in the condensate. The results of YOC's 
concentration measurements, determined as total organic carbon, are shown in Table 5. 
All the values given have been related to dry gas under standard conditions (X :'ó'. 0.003 
kg/kg, p = l O 13 hPa and T = 273K). 

Table 2. Gas parameters in the EKOUTIL's emitter duct 

Physicochcmical gas parameters Unit Sample I Sample 2 

Atmospheric pressure hPa 1006 1006 

Air temperature K 301 301 

Dimensions m 1.20 1.20 

Surface area m' 1.131 1.131 

Temperature K 470 474 

Static pressure hPa I.O I.O 

Dynamic pressure Pa IO 5 

Moisture content kg/kg 0.225 0.086 

Average velocity mis 5.3 3.9 

0
2 

content %vol. li.O 10.4 

CO, content %vol. 7.3 7.1 

Dry gas density under standard conditions* kg/ml 1.321 1.319 

Wet gas density under standard conditions* kg/1111 1.182 1.255 

Wet gas density under measurement conditions kg/m3 0.683 0.718 

Wet gas volume stream under measurement conditions m3/h 2.2E+04 1.6E+04 

Wet gas volume stream under standard conditions* m3/h l.3E+04 9.2E+03 

Dry gas volume stream under standard conditions* m3/h 9.3E+03 8.0E+03 

* standard conditions arc: p = I O 13 hPa and T = 273K 

Table 3. Average concentrations of inorganic compounds in flue gases from EK O UTI L's thermal oxidizer 

Series O, co, co NO NO, NO SO, HCI HF 

No. %vol. %vol. mg/ml mg/ml mg/ml mg/m3 mg/ml mg/m3 mg/ml 

I li.O 7.3 30 151 I.O 232 2.0 8.97 < 0.2 

2 I 0.4 7.1 45 149 pgo 228 I.O 2.96 < 0.2 

pgo - below determination limit 
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