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Energy efficiency is a very important indicator in the stability assessment of industrial processes. The optimal
utilization of energy is a vital task today, as it determines the state of environment, technology and product price. The
present work describes a method for the reduction of energy consumption by heat integration, in a system of bioreactors
for the production of antibiotics. A scheme for heat integration of two heat reservoirs is suggested, ensuring
performance at different time intervals. A mathematical model of the processes taking place in the two reactors is
developed. On the base of the model, a strategy for optimal control of energy resources using heat integration of two
heat reservoirs is proposed. The optimization task is formulated in terms of the Mixed Integral Non-Linear

Programming (MINLP). The proposed method is applied to a real industrial process for antibiotics production.
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INTRODUCTION

There is a contemporary problem with efficient
energy consumption. The energy sources are
constantly decreasing and have a negative effect on
the environment, thereby forcing the search for
alternative resources.

In industrial systems, the optimal utilization of
the energy resources is one of the main problems
[1]. All up-to-date scientific achievements and
engineering practices are involved in solving these
problems as early as the design phase. In existing
production lines, it is necessary to make the most of
the energy using suitable engineering solutions.

In most of the chemical and biochemical
productions, a number of heating and cooling
processes are usually involved according to the
technological scheme [2, 3]. They most often result
in major energy losses. The production of
antibiotics is one of such processes [4]. In this case,
one could effectively decrease, as well as control,
the energy consumption, using the approach of heat
integration of the production processes.

AIM

The aim of the present work is to suggest a
practical method for energy saving by heat
integration of a system of bioreactors in the
production of antibiotics, using heat reservoirs and
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their control methods. Thus, the costs of energy
resources could be decreased.

PROBLEM DESCRIPTION

A Dbioreactor system for the production of
antibiotics was studied. The process involves
preparation of a nutrient, followed by its
sterilization and cooling to working temperature for
the fermentation process. The nutrient preparation
and its sterilization involve the use of water vapor
as an energy carrier. The fermentation is performed
after cooling the sterilized nutrient to working
temperature of 30°C. Technical and cooled water is
used for this process. The idea for reduction of
energy consumption is to integrate these two
processes. If a certain reactor is in a regime of
cooling, then the energy released could be stored in
a heat reservoir to be used for the preparation of
nutrients in another reactor. This would save energy
in the second reactor, and also reduce the amount of
technical water required for these processes. The
idea can be implemented by designing a proper
scheme. Furthermore, the major factors providing
maximum utilization of the internal energy in both
reactors should be determined.

Figs. 1 (a) and (b) show such a scheme for
running the processes. The determination of the
controlling factors is reduced to the parameters of
the time intervals. The process conditions should
provide a minimum value of the energy used by the
external systems.
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PRODUCTION OF ANTIBIOTICS

One of the most common methods used for the
production of antibiotics is the preparation of the
substrate by fermentation. It is carried out in
bioreactors, and the sequence of processes and their
conditions are listed below:

Stage 1:Nutrient preparation

1.This process is carried out by mixing micelles
and nutrient in a subsidiary reactor.

Stage 2:Fermentation components

1. Mixing of component Vi from Tank A with V2
with water at 20°C (CW20) by stirring for 1 hour
until nutrition medium NMA is obtained.

2. Mixing of component Vi from Tank B with V2
CW20 by stirring for certain time until nutrition
medium NMB is obtained.

Stage 3:Fermentation process

1. Transfer of NMA to reactor Fc and heat from
20°C to 55°C.

2. Heating NMA from 55° to 100°C using steam.
3. Sterilization of NMA with 100°C steam for
about 0.5 h.

4. Transfer of NMB to F. and mixing it with

NMA to obtain AB_IAB.

5. Addition of Vss CW20.

6. Heat the mixture V¢ with vapor to T = 55°C to
obtain medium NMAB.

7. Heat the mixture NMAB with water vapor from
55°C to 120°C.

8. Sterilization of NMAB with water vapour at
temperature of 120°C.

9. Cooling NMAB from 120°C to 45°C using
CW20.

10. Cooling of NMAB from 45°C to 30°C using 5°C
cooled water (CW5).

11. Addition of IMX to NMAB up to volume Vmax to
obtain FM.

12. Cooling the medium FM to Trr using CW5 and
carry out fermentation for 120 h — 150 h until the
product FB is obtained.

Stage 4: Dilution

1. Transfer FB to an intermediate reservoir.
2. Addition of Vg with water CW20 for
deactivation to obtain the product DFB.

Stage 5: Filtration

1. Filtering the DFB to obtain concentrated
material DSC.

Stage 6: Sterilization of the empty fermenter

1. Washing the empty fermenter with CW20.

2. Sterilization of the washed fermenter with water
vapor with temperature of 130°C.

3. Sterilization of the washed fermenter with water
vapor with temperature of 130°C.

PROCESS ORGANIZATION

According to the technology (Stages 1-6), there
are a number of processes requiring the use of
external energy (STEAM, CW20, CW5) for heating
and cooling. The problem with their dependence on
external energy sources can be solved by creating
conditions for heat integration. In Fig.1, the “H”
reactor will be regarded as the fermenter, where the
processes 3.1-3.7 have ended. By the end of 3.7,
the mixture in the fermenter would have a
temperature of T = 120°C. Processes 3.8 and 3.9
are carried out at Tsr = 30°C.

HEAT INTEGRATION USING HEAT OF THE
RESERVOIR

According to the technological regulations,
some of the processes require the use of external
energy (STEAM, CW20, CWS5) for heating and
cooling. The reduction of external energy used can
be achieved by using a certain scheme of heat
integration. The process of “Cooling” the reactor
after sterilization does not coincide with the
processes of preparation of the nutrient for
sterilization in another reactor. For this reason, it is
not possible to use the scheme of heat integration
suggested in the publication by Boyadjiev et al. [4].
Therefore, heat reservoirs must be used to store the
energy from the hot reactor, until it is utilized for
the preparation of the nutrient in a subsequent
reactor. It may also be used in the process of
dilution after fermentation. A hot reactor is the
fermenter Fn where the processes of feeding the
raw materials and sterilization. (3.1-3.7). It should
be cooled down to temperature of 30°C to carry out
fermentation. A cold reactor (fermenter) Fc, where
the preparation of the nutrient and its sterilization is
carried out.
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Fig 1b. Piping and instrumentation diagram for heat integration and heat reservoirs.

According to the scheme suggested, the hot subsequently be used when the processes of
reactor Fy is cooled with water CW20 using its nutrient preparation are carried out in another
serpentine. Thus, the water flowing out of the fermentation reactor Fc (processes 3.1-3.5). The
serpentine is stored in heat tank 1. It will volume of this heat tank should be as large as to
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contain the amount of water necessary to maintain
the processes. The second heat tank is designed to
store the water required to carry out process 4.2,
and its volume should be as large as the amount of
water needed for the process. The design presented
in Fig.1 can provide for the processes involved in
the technological regulation. The task of process
control is to determine the controlling variables
ensuring minimum costs (water, vapor) the scheme.

MATHEMATICAL MODEL

It is assumed that for each of the four stages
cooling will be carried out by certain dependence of
the change of cooling water flow with time. This
assumption provides a possibility to use models of
the processes with ordinary differential equations.
These equations describing the processes of heat-
and mass transfer are:

1. An equation describing the change of the
temperature of the mixture in reactor F4 when a
flow of CW20 or CW5 of certain flow rate Fu; - is
described by an equation for each time interval:

AT, (©-1) (FWiCpWi)( "1 )vieled) ()

dt Dy; VeCpe
where:
° T =X Ty + (1_ X )Tws’ X = {OV]-}’
. Wi:ﬂ:exp( uA ] A s
T T, FwiCPwi
the heat exchange surface of the serpentine in [ mz],
) U is the total coefficient of heat transfer, in
[ewm 2k ],
. CPr,CPyaorCPys iN [kJm‘g’K‘1 ,
o CPwi = XiCPy o + (1_ Xi)CpWS’ Cpw 2 and

Cpus are the specific heat capacities of CW20 and
CWS5.

. The flow rate of the cooling water through
the serpentine is Fyi [m%/s].

2.The temperature at the serpentine outlet is
determined for each time interval by the equation:

T-*=(®W‘_1)TH+(D1 T", Vie(l+4) )

Wi Wi
The solution of equation (1) was to be found
under initial condition Te(0), where Te(0) = Tsr(0),
at i =1 and Tr(0) = Tri(0)(ti-a) ati >1. It should
be taken into account that the temperature of the
water flowing out of the serpentine T, must be
lower than that of the material contained in the

fermenter Tei ie. T 2T, .

3. The volumes of the tanks S1, S2, SW and
their temperatures for each time interval are
described by:

Vo _ s

de Y Vie(l+4) @)
CDWV51 d('jl' =y’ FWiCpWi(Ti* _TSil)

At initial  conditions V§1(0)=V51‘1)(t(i_1)),

T4(0)=T8P(ty) and at i=1 for the first time
interval — 1 V{,(0)=0, T¢,(0)=T;".
dvy,

= yistWi
dt | vie(+4) 4
CpuiVs, dTSZ =y’ FWiCp\Ni(Ti* _Tsiz)
At inltlal conditions  V{,(0)=V (‘1)(t(,_1))
T14,(0)=T&Y (t(i_l)) and at i=1 for
the first time interval — V{,(0)=0, TS, (0)=T".
dVSIW SwW
=Y Fui
dt 47! Vie (1+ 4) )
CpWVI dSW I:W|CpW|( | SW)
At initial  conditions  V{, (O)=VS(\iA71)(t(i_l)) :

TS‘W(O)zTS(\‘N‘l)(t(i,l)) and at i=1 for the first time
interval —Vg,(0)=0, T4, (0)=T", y*={0v1},
y22={ov1}, y» ={0v1} depending on the that
whether the corresponding heat tank is filled during
the given time interval or not.
4. Cooling flow values Fy;(t) with time. In general
the flow through the cooling serpentine can be
presented by the expression:
signlFya — FAL))+
Wl(t): g ( MAX I( )) }’vl € (1+4), (6)
(1_ Slgn(FMAX -F (t)))FMAX

at

F@) = A +(B - A)exp(-Cit), Vie(+4), (7)
Where sign(.)=1 when (Fy. —F(t))>0 and
sign(.) =0 at (Fyayx — F:(t))<0. The values of the
coefficients A, B;, C; should be determined.

Another possible method for controlling the

cooling water flow is at a constant flow rate within
the intervals. This method is comparatively easy for
implementation, but the effectiveness of each
method should be compared. In this method the
values of the coefficients are A =0, B, >0 and

C,=0 foreach ie(l+4).
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By the end of the fourth interval, when the
procedure ends, the parameters of the heat tanks are

VS*l’ VS*Z ! VS*W and TS*l' TS*Z ' TS*W '

AIMS OF HEAT INTEGRATION

The aim of heat integration is to minimize the
guantities of resources used (vapor and cooling
water) to accomplish the processes in both reactors.
This can be achieved by providing maximum
possible heat recovery from the cooled reactor. The
heat stored in the tank S1 is further used for the
preparation of the fermentation medium in another
reactor, while the amount contained in S2 is used
in stage 4.2. The energy used during the cooling
with water CW 5 should also be taken into account.

The objective function of heat integration is
expressed by:

Costyyr = MIN{Cost:team +Costys + Cosﬁmer}, (8)
where:
e Cost_ s the cost of vapor,

e Cost,,
cooling,
e CoSty., is the cost of the water used to

carry out the processes in the cases when heat
reservoirs are used.

These components can be found using the
following expressions:

COSt;eam = CSteame\NVS*l(Ts,; _TS* )+
CoteamCPw (VF _VS*lXTS*t —Twao ),
Costys = CoyaCPeVe (Trs —Tra) L 9)

COStyaer = Cuy 2o(§z:v:ti:/:’{:){-l\-/s§/v] J

where,

is the cost of energy from CW5 by

Vivater = V21 + Vo2 + V35,
Cws is the cost of unit energy from CW5 in
Iv/kJ,
Cqteam IS the cost of unit energy for water vapor
Iv/kJ, while C, .- the cost of the water used

Iv./m3.

CONTROLLING VARIABLES
The essence of the process control is to
determine the controlling variables which would
ensure that the minimum amount of resources is
used in order to carry out the processes in the two
reactors. These variables are:

{A.B,C.t} Viels (10)

218

as continuous variables defining the cooling water
flow rate with time and the duration of each time
interval, as well as

x ={ovi}, yt={ovi}

ye2={ovi) v ={ovi
as Boolean variables determining the sequence by
which the cooling agents CW 5 or CW 20 are used.
IV. Constraints. The constraints are related to the
requirements of the technology towards the

duration of the processes and the technical

limitations of the cooling devices (serpentine).
i=4 )

Dot <t

i=1
Va1 Vo1 +Vo, +Vss

VS*Z SVWaste

(vt vt )<t

(YiSl +y 2+ Yisw)= X, Vie 14
Costyyr <Costyo vt

T, <T

}}, Vield (11)

>, (12)

fer

J

where Costy, v are the costs of energy and

water, when the processes are carried out without
heat integration.

CONTROL WITH HEAT INTEGRATION

For the control, the variables (10) and (11)
should be determined. These variables should give
a minimum of the goal function (8) under the
limitations posed by (12).

The task formulated is that of MINLP, and it can
also be solved using well known methods and
programming systems such as GAMS Brooke A. D.
et al. (1998) [5] or MATLAB [6].

MOTIVATING EXAMPLE

The suggested method of heat integration was
implemented in a production line for antibiotics.
The technological process consists of 6 main stages
which have the following parameters (Antibiotics
production of Actavista Co., Razgrad branch):

Stage 1: Preparation of the nutrient

1. This process is carried out by mixing micelles
and the nutrient in a subsidiary reactor having a

volume of 5m®.
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Stage 2: Preparation of the components of the
fermentation medium

1. Mixing 2m*® of component A  with
V,, =10m*®, with water at 20°C (CW20), and
stirring for 1 hour to obtain nutrient NMA .

2. Mixing 2m® of component B with V,, =10m®,
with CW 20, and stirring for 1 hour to obtain
nutrient NMB .

Stage 3: Process of fermentation

1. Transfer of NMA to reactor F. and heating it

from 20°C to 55°C.

2. Heating NMA from 55°C to 100°C using
water vapor.
3. Sterilization of NMA with water vapor at

100°C for about 30 minutes.

4. Transfer NMB to F., and mixing it with
NMA to obtain ABIAB.

5. Addition of V5 =17m>t018m*® andCW 20.

6. Heating the 42 m® mixture to T =55°C with
vapor to obtain the mixture NMAB .

7. Heating the mixture NMAB from 55°C to

120°C with water vapor for 1.5-2 hours.
8. Sterilization of NMAB with water vapor at

120°C for 30 minutes.

9. Cooling NMAB from 120°C
using CW 20.

10. Cooling NMAB from 45°C to 30°C with
5°C cooled water (CW 5) for 30 minutes.

11. Addition of IMX to NMAB for t=0.75h to
volume of 47m? to obtain FM .

12. Cooling the FM medium to t=30°C using
CW5 and carry out fermentation for 120h—150h
to obtain the product FB.

to 45°C

Stage 4: Dilution
1. Transfer FB to an intermediate reservoir for
1 hour.
2. Addition of 23m® CW 20 for deactivation to
obtain the product DFB.

Stage 5: Filtration

1. Filtration of DFB for 12h to obtain the
concentrated material DSC .

Stage 6: Sterilization of the empty fermenter
1. Washing the empty fermenter with CW 20 .

2. Sterilization of the washed fermenter with
water vapor at 130°C for 2h.

The process parameters are as follows:
CPr =Cpy 20 = CPys = 4200kIn*K ™, T, =5°C,
Twao = 20.00°C, U =1.20kWm K™,
A=56.55m?, T-(0)=T, =Tg, =120°C,
t, =6000s, V,5 =18m°, Fy. =0.04m*/s,
Viyase = 23M° , V,, =V,, =10m?,
Cuao =2.184lv/m*, T, =30°C,

CSteam = (CGsteam/4-184)10_6 Iv/kJ ,
CGgpeam = 277.00Iv/GCal ,

Cys =(CG,s/4.184110° Iv/kJ,
CG,, s = 681.00lv/GCal .

The scheme of the heat integration of the
processes was implemented, and the optimal
controlling parameters were determined. MATLAB
R2006a was used for the calculations and the
optimization procedure was performed with the
FMINCON module.

Table 1 shows the optimal values of the
controlling parameters obtained from the solution
of the optimization procedure according to the
module used.

Table 1. Continuous controlling variables

i s1 s2 SW 0 o

I t, [Sec.] A B, C X Yi Yi Yi Ty C TFi(ti) C
1 2005.8 0.0 0.0189 0.0 1 1 0 0 64.75 79.50

2 601.9 0.0 0.0382 0.0 1 0 1 0 64.75 69.26

3 1469.8 0.0 0.0400 0.0 1 0 0 1 64.75 50.94

4 1922.5 0.0 0.0400 0.0 0 0 0 0 64.75 30.00

Table 2 Discrete controlling variables

i s1 s2 Sw 0 o

S [sec.] A B, C X Yi Yi Yi Tey C TFi(ti) C
1 1784.8 0.0152 0.0219 1.0686e-4 1 1 0 0 62.2 81.8

2 575.7 0.0383 0.0400 1.0000e-4 1 0 1 0 62.2 715

3 1902.3 0.0400 0.0204 0.0100 1 0 0 1 62.2 48.3

4 1737.2 0.0400 0.0399 0.0100 0 0 0 0 62.2 30.0
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Table 3. Costs of energy resources

Costs for system

Costs for system with

Costs for system with

Resource without heat heat integration and heat integration and Saving
integration continuous controlling discrete controlling %
Iw. variables |w. variables [w.
1168.40 720.84 695.23 38.30(40.49
COStSTEAM ( )
377.15 161.24 128.41 57.24(66.00
Cost,, », (66.00)
389.89 527.95 601.48 -35.40(-54
Cost,s (-54)
1935.44 1410.03 1425.12 27.14(26.36
Cost (26.36)

The controlling variables for the case when the
cooling flows have flow rates constant in time but
different in time intervals, i.e. the case of quasi-
optimal control, are presented in Table 2.

Fig.2 shows the change of the temperatures in
the reactor and at the serpentine outlet during the
time intervals for the case when heat integration
was used with continuous controlling variables.
Fig.3 is for the case with discrete variables.

120 ! ; : ;

Temperature [C]

o i 1 L i L
0 1000 2000 3000 4000 5000 6000
Time [sec.]

Fig. 2. Change of the temperatures in the reactor for the

case of the system with heat integration and continuous
controlling variables.

The costs of the resources used for heating and
cooling in the system with two heat tanks under
optimal control, as well as that for a system without
heat integration, are presented in Table 3.

It can be seen that heat integration and optimal
control of the process gives substantial reduction of
water CW20 used for cooling by 57% and increase
of cooling water CW5 by 35%. Simultaneously, the
water vapor necessary for the processes decreases
by about 38%. The use of heat tanks obviates the
necessity to co-ordinate the processes in all
reactors, and results in a total saving of energy
sources (cooling water and water vapor) of about
27%. It should also be noted that the heat
integration system decreased the consumption of
water vapor and cooling water CW20.

220

120

Temperature [C]

20

DU 1 UiUU QDiDD EXDiDU AD‘DD SOBU 6000
Time [sec.]

Fig.3. Change of the temperatures in the reactor for the

case of the system with heat integration and discrete

controlling variables.
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Fig.4. Change of heat tank volumes with time under
continuous controlling variables .
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The optimal control system requires a special
device designed to follow the optimal law for
controlling the cooling water flow rates (Fig.4) in
the individual intervals. A much simpler law for
controlling the cooling water flow rates (Fig.5) can
be wused by quasi-optimal control, and the
economical results obtained would be similar.
Furthermore, the quasi-optimal control does not
require special controlling devices, thereby making
its implementation much easier.
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Fig.5. Change of heat tank volumes with time under Time [sec.]

discrete controlling variables.

Temperature

i
1000

Fig. 7. Change of cooling agents flow rates under

0.04 discrete controlling variables.
CONCLUSION
0.035 On the basis of the obtained results, the

following can be concluded:
A new structure for heat integration with two
003 heat storage tanks and an appropriate mathematical
model are developed. An optimal process control
strategy is proposed. The optimization task is
0oz formulated in terms of the Mixed Integral Non-
Linear Programming (MINLP) with minimization

: ; : 5 of the cost of used resources.
B o 000 o T2 The proposed method is successfully applied to

Time [sec.] the industrial process of antibiotics production.
Fig. 6. Change of cooling agents flow rates under
continuous controlling variables.

NOTATIONS
Hot reactor

Cold reactor
Heat tank 1

Heat tank 2

Heat tank SW 2
Mixture of water with component A

Mixture of water with component B
Mixture of NMA and NMB

Nutrient medium
Mixture of water and nutrients in the reactor auxiliary

Fermentation medium - mixture of IMX and NMAB
The deactivated product after termination of fermentation

Water with 5°C

Water with 20°C

Temperature of the hot fermenter during t - time interval [ °C]
Temperature of the water CW 20 [ °C]

Temperature of the water CW5 [ °C]
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Costys
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Costyo it
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Temperature in the heat tank S1 during i- time interval [OC]

The temperature in the heat tank S2 during i-h time interval [°C]

The temperature in the heat tank SW during i- time interval, [ °C]

Water temperature at the entrance of the coil [ °C]

Water temperature at the output of the coil [ °C]

Volume of the hot fermenter [ m3]

Volume of water in the heat tank S1 during i- time interval [m?’]

Volume of water in the heat tank S2 during i- time interval [ m3]

Volume of water in the heat tank SW during i- time interval [ma]
Volume of water in the heat tank S1 in the end of the i- time interval [ m3]
Volume of water in the heat tank S2 in the end of the i- time interval [ m3]
Volume of water in the heat tank SW in the end of the | time interval [ms]
Total volume of water used for the whole process [ m3]

Volume of NMA during stage 2.1 [ m3]

Volume of NMB during stage 2.1 [mg]

Volume of water added in stage 3.5 [ m3]

Specific heat capacities of hot fermenter [kJm_3K_1]

Specific heat capacities of water CW 20 [kJ m’3K’1]

Specific heat capacities of water CW 5 [kJ m‘3K'l]

Specific heat capacities of used water [kJ m‘3K'l]

Binary variable y7* ={0v1}

Binary variable Y2 = {0 v 1}

Binary variable y* ={0v1}

Binary variable x, = {0v 1}

Flow rate of the cooling water through the coil [ m3/s].

Heat transfer surface of the coil [ m2]

Overall heat transfer coefficient [ka‘2 K ‘1] ,

Values of the coefficients should be determined

Value of steam used for process [Iv]

Value of the energy use of cooling water CW5 [Iv]

Value the water used to carry out the processes in the cases when heat reservoirs are used [Iv]
Price per unit of energy used for process steam [IV/ kJ]

Price per unit of energy used for cooling water CW 5 process [IV/ kJ]

Price per unit volume of cooling water CW 20 used for process [IV./ m3]

Cost of energy and water required to the process in the case in absence of heat integration [IV]
Price per unit of energy used for process steam [Iv/ GCal ]



D. Dobrudzhaliev et al.: Optimal energy saving and management in antibiotics production

CGys Price per unit of energy used for process cooling water CW 5 [Iv/GCaI]
Cuws Price per unit of energy used for process cooling water CW 5 [IV / kJ]

t; Duration of the i-time interval [ S]

t; Time to complete the cooling process[ S]

Iv Bulgarian Leva
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(Pe3rome)

EnepruiinaTta e)eKTHBHOCT € MHOTO BayKeH ITOKa3aTel NMPH OIEHKaTa Ha CTAOMIIHOCTTA HAa MPOMMIIICHUTE IPOLIECH.
OnTUMaTHOTO M3MOJI3BaHE HAa €HEePIusATa € OCHOBHA 3aJada M JHEC, Thil KaTo TS ONpeneNs ChbCTOSHUETO Ha OKOJIHATa
cpena, TEXHOJIOTHUTE U IIeHaTa Ha MPoayKTa. B HacTosmara paboTa ce OmucBa METOJ 3a HaMaJsiBaHe MOTPeOJIEHHETO
Ha EHEeprus B pe3yiaTaT Ha TOIUIMHA HHTETpalus B CHUCTeMa OHOPEaKTOpH 3a MPOM3BOJCTBO HAa AHTHOMOTHIIH.
[MpennoxxeHa e cxema 3a TOIUIMHHATA MHTETPalMs C JBa TOILUIMHHY pe3epBoapa. PaspaboTeH e MaTeMaTHdeH MOJeN Ha
MIPOLIECUTE, KOWTO NMPOTHYAT B [BaTa peakropa. M3mon3Bailku TO3M MOAEN € NMPEeAsioKEeH METOA 3a YIpaBleHHEe Ha
SHEepruifHUTe pecypcH, 4Ype3 TOIUIMHHA HWHTEerpanys ¢ JABa TOIUIMHHM pe3epBoapa. 3ajgadara 3a yYIpaBJCHHE €
¢dopMynupaHa KaTro 3aJada Ha CMECEHOTO HENWHEWHO NporpamupaHe. MeTOABT € TeCcTBaH Ha IpUMepa Ha
IIPOM3BOJICTBOTO HA aHTHOMOTHIIH.
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