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Abstract

The purpose of this work is to present that rearrangement of the industrial wastes purification system may cause the growth of the
productivity. The analysis presented deals with the yeast factory Lesaffre in Wolczyn (Poland). Most of the industrial wastes (JW)
produced there are utilized in agricultural fields (AF) but part of them is pre-treated in an evaporator battery (EB). The basic parameter
determining amount of the JW to be utilized in the AF is nitrogen concentration for this element in excess can lead to destruction of
plants. At present only the JW coming out from the first two separators are directed to the EB in the factory. In order to increase the yeast
productivity of the factory one has proposed to send additionally to the ES a certain part n of the JW stream coming out from the third
centrifugal separator. Results presented in this paper show that running in this way the system of JW purification may cause the increase
in the yeast productivity in the factory even of the value of 60%.
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Nomenclature

n volume fraction of the industrial wastes stream S4 directing to the evaporator battery

A area of the agricultural fields (ha)

B total mass of nitrogen in the industrial wastes stream directed to the AF per 1 Mg of yeast (kgN/Mg)
BTP  biological treatment plant

Cx concentration of nitrogen in technological wastes (kgN/m°)

C; concentration of industrial components in industrial wastes directed to the agricultural fields (kg of i/m®)
D maximum dose of the industrial wastes directed to the agricultural fields (m*/ha-y)

EB evaporator battery

% industrial wastes

L1 lagoon

L2 lagoon

Px indicator of the demand of nitrogen (if agricultural fields are fertilized only by industrial wastes Py=1)
Ry equivalent of nitrogen fertilizers for the industrial wastes from the yeast production (Ry=1)

S1 stream of the JW coming out from the process of melas purification

S2 stream of the JW coming out from the first separator

S3 stream of the JW coming out from the second separator

S4 stream of the JW coming out from the third separator

S5 stream of the JW coming out from the vacuum filters

S6 stream of the JW coming out from washing of the process equipment

TSS total suspended solids

4 stream of the industrial wastes directed to ... (m*/y)

w mass of nitrogen utilized during one year in one hectare of the AF (kgN/ha-y)

X yeast productivity (Mg/y)

Zn plants demand on nitrogen (kgN/ha-y)

Greek symbol

n nitrogen utilization factor depending on the irrigation system
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for sprinkler irrigation n = 0,95
for gravity irrigation n = 0,90

Subscripts

i individual component

A stream of the JW directed to the EB

B additional stream of the JW directed to the EB

AX/X, relative increase in the yeast productivity

1. Analysis of the industrial wastes purification system existing in the yeast factory Lesaffre

The essential feature of the food industry is a large amount of industrial wastes. Most of them are suitable for
transformation into raw materials for other technologies. This way we can reduce their negative impact on the environment
and use them as a new source of raw materials. An example of such a solution is the yeast industry. Industrial wastes from
this industry may be used as fertilizers, which may resulting recovery of macro and micronutrients as well as an organic
matter. The latter one is very important on account of the deficit an organic matter in the soils of Europe [1-4]. Industrial
wastes from the yeast production process may be used directly or as a concentrated in an evaporation station fertilizer. The
yeast industry wastes are strongly polluted. The main parameters polluting technological sewages are nitrogen, potassium,
total suspension, BDO, CDO, etc. Such wastes are mostly utilized in agricultural fields (AF). Unfortunately, these fields
may only accept a limited amount of wastes. The basic parameter limiting the amount of industrial wastes to be utilized
there is nitrogen contents for this element in excess can lead to destruction of plants [5—7].
Volume of the industrial wastes which may be utilized during one year in one hectare of the AF may be described by the
following equation.
ZN-PN
= Cnprin M

For a steady field culture of plants in the AF all quantities in Eqn (1) are constant, except the concentration of nitrogen
Cyrand so this equation may be written in the form:

w
D=— 2
- @
The value of W in Eqn (2) determines the mass of nitrogen which may be utilized during one year in one hectare of the
AF. Then the mass of nitrogen which may be utilized in one year in the AF is described by the Eqn (3)

M=W-A 3)
If the system of purification of the industrial wastes consists only of the AF, 4,,,, their area determines the capacity of
the yeast production of such a factory. The value of this capacity may be calculated as follows:

x=4 )

B

It is also easy to determine such value of the area of the AF which ensures the expected productivity X of this yeast
factory. Combination of the Eqns (3—4) leads to the following result:

Amin ==+ X ()

w

If the area of the AF belonging to the yeast factory being now under consideration, is smaller than the value of A,
given by Eqn (5), the expected productivity will not be achieved.

The scheme at the purification system of the industrial wastes existing in the yeast factory Lesaffre in Wolczyn is shown
in Fig. 1.

This system consists of evaporator battery (EB), agricultural fields (AF) and biological treatment plant (BTP).

It is possible for simplication of the further considerations, to assume that this system consists only of the agricultural
fields and the evaporator battery (EB). In such a case the expected yeast productivity X is not only the function of the area of
the AF belonging to the factory, because a certain part of the industrial wastes may be utilized in the EB. So, for the limited
area of the AF the capacity of yeast production tied with the AF may be calculated from the following equation:

Xar =

w
5 A (6)
Further increase in the capacity of the yeast production in the factory may be achieved by increasing in the amount of the
industrial wastes being supplied to the evaporator battery.
The main sources of the industrial wastes in the yeast factory Lesaffre are three centrifugal separators. Nowadays, only
the wastes coming out from the first two separators, streams S2 and S3, are sent to the evaporator battery, while the wastes
coming out from the third separator, stream S4, are not sent there as they contain less pollutants.
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Fig. 1. Scheme of the industrial wastes purification system in the yeast factory Lesaffre in Wolczyn

Nevertheless, directing a certain part » of the industrial wastes stream S4 to the evaporator battery will enable a further
reduction of all pollutants concentration and in consequence the increase both the maximum volume of the industrial wastes
distributed in the AF in one year and the yeast production capacity.

Such modification of the industrial wastes purification system, existing in the yeast factory Lesaffre in Wolczyn is
presented in Fig. 2.
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Fig. 2. Modification of the industrial wastes purification system existing in the yeast factory Lesaffre in Wolczyn

Directing an additional stream of the industrial wastes # - S4 to the pre-cleaning in the evaporator battery will reduce
concentrations of all components to the following values:

CL' — (1_n)VBf./iB+VACiA (7)
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Decrease in components concentration in the industrial wastes stream S;; coming in the AF versus the volume fraction n
is presented in Fig. 3.

0,6 X
-y
— X
o i *
E 0,4 -
E y X
g <
& S— o < <
0,2 — " g
0
0,00 0,25 0,50 0,75 n 1,00
AN X—K <O TSS
(@) (b)

Fig. 3. Decrease in component concentration in the wastes stream S;; versus the volume fraction

Capacity of the yeast production is determined by the concentration of nitrogen in the industrial wastes stream S;; which
is supplied to the AF. Fig. 3. shows that increase in the volume fraction » causes decrease in the nitrogen concentration Cy
what, in consequence, makes possible increase in the capacity of the yeasts production.

The relative increase in the capacity of the yeast production AX/X, may be calculated from the following formula

AX nVgCip
Xo  (1-n)VBCip+VaCia

®

The relative increase in the yeast productivity AX/X, versus the volume fraction n is illustrated in Fig. 4.
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Fig. 4. Relative increase in the yeast productivity versus the volume fraction n

The analysis of the results presented in Fig. 4. revealed that the maximum value of the relative increase in the yeast
productivity, obtained for n = /, is equal to 50%.

Moreover, a condensate from the EB is a valuable organic fertilizer Vinassa and is sold to individual farmers. The sale of
such a fertilizer covers a part of the high cost of running of the evaporator battery. On the other hand, partial replacement of
natural gas by biomass in order to supply the power to the evaporator battery allows to reduce both the CO, emission and
the costs of energy consumption. In addition, the biomass grown in the AF will be fertilized by the industrial wastes from
the yeast production. In the last case the maximum value of the relative increase in the yeast productivity may even reach
the value of 60% [8—12].
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2. Conclusions

— Directing a certain part n of the industrial wastes stream coming out from the third separator (S4) will enable the increase
in the yeast productivity. For n=1 this increase may even reach the value of 50%

— Additionally, in the case of cultivation of the energy crops in the agricultural fields, fertilized by the industrial wastes, the
increase in the yeast productivity may reach the value of 60%

— The modification presented in this paper provide not only the increase in the yeast productivity but the reduction of the
CO, emission as well
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