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This paper describes an approach for the determination of the opti-
mal scheduling for the operation of the units in a multipurpose
chemical industrinl system (MCUIB) in order o obtain the besi wiiliz-
ation of the production units.

The basic stages that are to be performed are also determined:

— Determination of the equivalent units,

— Determination of the variants of location of each chemical
industrial production {CIP) in the MCIS,

Determination of the optimal scheduling.

For each stage, the algorithms thatb are to be used in order to
reach the object, are given.

The basic conditions, which a given programme system has to
satiafy, ao that it ean realize the proposed approach, are determined.
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The paper deals with a class of optimal seheduling for the units in
a multi-purpose chemieal industrial system (MCIS). Tt is proved
that structure-determining und non-structure-determining  chemionl
industrial processes (CIP) exist and a method is presented for their
aszegament. The resulta show that the strueture determinig CTP: do
noi. allow changes in the optimal time limits for the realization,
while the non-structure determinig CIPs allow changes in these
limits to a certain degren. For second class CIPs, the optimal volumes,
that guarantes maximum loading of all the units in the MCIS, are
determined.

An original method for the determination of the optimal scheduling
for eclass, with optimality criterion—mininnun time for realization
of the given production programme is given, A corresponding prog-
ramme system is developed.
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Multiproduct chemical plants are designed for the sequential production of
several produets. The problem for the optimal design of such plants is reduced
to the determination of their strueture, volume and number of parallel working
units of one and same type. The optimality criterion is the minimal cost of the
equipment for the production of a prescribed volume for prescribed time, A
method is proposed to determine the structure of the chemical plant, which
is hased on heuristic rules accounting for the technological characteristics of
separate productions, The problem for the determination of the design par-
ameters of the apparatuses and the number of parallel working units of a fixed
type is formulated in the terms of MINP. The problem is solved by adaptive
methods of MP. A strategy of an automatic optimal design of multiproduct
chemical plants is proposed, and a dialogue programme system “DESIGN”
is developed to realize this strategy.
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HAMPABJEHHAR PEHOBAULUWA TENJOOBMEHHBLIX CHCTEM
NMPH MEJATEJNBHOM MIMEHEHHH NAPAMETPOB
CYIWECTEYIOIWER CHCTEMBL

T. K. Meaen, Xp. B. bBoanxnes, b. 6. Heanop
Hueramym  urscenspuol vuses Boszaperol avadesun wayw, Coglud, 40
Mocrynuga 23, O3, 1088

B magctonmata pafiora ©a paaraciann ApofIeMaTe @A OmTHMA-
AATA PEHONCTPYKUNE (pesoBauis] nd PEeRYMENATHBHR TONAGDOMCHAM
CAETEMH B CAVUARTE, KROrATO €4 aplafieny MeNaTeIHn RSHPSB-’I&IIII! [E]
FAMEEATE WA HACT OT NOpaMeTPHTE Hi CRUBCTEYBALATA CHCTEMA,

Mpegscowey € Merol 34 peIUABAHE WA TEIW mpobaemy W paspa-
foTES na ORTHMENHN NPEIASHIENRE 34 PEROBAINi. HONTO CE XapanTe-
PHIKPAT © MAKCHMAIHO N3MEHERNE Ha HETOYHO duKcHpaitdTe 0apaMeT-
PR B8 HeranpnTe HHHPEMEILHH, ¢ oOea MakcHMadnd PEK&"H!FS!.LHH Ha
TOMARMATE, ONTHMAARO HANODAIYBAHE Ha HEAMOPTHIRPAHOTD THOAO-
ofMERo DOOPYABARE H BPEIKATE Mexly eaemedTaTe My. [peiyomennar
METON PEIAES IBJAMATA WPES NOCALTOBATENHE HTEPATHREHA CTPYRTYPIC-
NAPAMCTPHUHA ONTHMEIALNA, ROMONHADARS © CTANH WA TepMOLE) aMI-
wes apaans. (CRE(ECTEAES OO HATPABAABAND (KOUTPOERpaNO) ABRAE-
ANE OF HASATIROTO NPROARHEHAE — CTAPATA CHOTEMA, KEM ONTHMYMA,
Mpeaaosen e HIMACIHTEACH aArORaTLM, KOATO & HIKNCTPRPA © pealen
MPAMER .
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OPTIMAL LOAD OF ENERGY SUPPLY SYSTEMS (ESS) DURING
THE PERFORMANCE OF MULTIPURPOSE CHEMICAL PLANS*
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A decription of a methed to oplimize the load of the energy supply system
[ESS) for the parelle]l production of several products in o multipurpose batch
chemical plant for o fised period of time 35 propesed.

The enerpy consumption for a single production - the partinl energy con-
sumpdion und for all N productions - and the tetal energy consurnplion are
assumed (o be periodic functions of tme. The methods o Fourier analysis
were tsed 10 formulaie and sobve 1he cornesponding mathematical model. A
optimization problem was fommulated ns a nonlmear programming problem
withoul restrictions, Standund provedures were sed (o-solve 4 prohblem,

The betef description of FORTRAN-TT implementation of the methad and
2 simple test example are atso discussed.
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A SIMPLIFIED METHOD FOR DETERMINATION OF THE HEAT
TRANSFER AREA IN CASE OF HEAT INTEGRATION
OF TWO BATCH TANKS

Krasimira L. Peneva, Boyan B. Ivanov,
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Instivute of Chemical Engincering, Bulgurian Academy
af Sciences, 1040 Sofia;, Balgaria
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A simplifed method is proposed for detenmlnation of heat exchange
parameters in cases of heat exchange between fluids in batch processing
tanks avallable simultaneously. Three versions of heal integration are
considered, A (wo-gsiep procedure for defermination of the heat par-
ameters is discussed and an examiple is given to illustrate the:application
of the method proposed.

Kew words : bateh processing tunks, heal integration, heat transfer area.
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The problem of heating and cooling of baich vessels is considered. Heal integrition oppor-
tumitics in o hot-cold reactor system are discussed, A method is proposed, which combines
simultaneously heat recuperation and temperslure cerrection by extemal heating andlor cool-
ing agents.

Three heat eachange arrsngements for realization of the method proposed are presented ond
mathematical models for these cases of heat exchange are developed, Analytical relationships
for the vesse] lemperature variation in lime are elaborated which contain the main design and
performance parameters explicitly.

A method of parametric synthesis of such heat integration systems 18 proposed by formulating
the problem in temms of non-linear programming. The task is solved by the method of creeping
tolerance. An example is given o illustrate the method proposed.
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SYNTHESES OF BATCH SYSTEMS WITH HEAT STORAGE TANKS.
DESIGN AND RETROFIT PROBLEMS

Boyan B. Ivanov, Natasha G. Vaklieva-Bancheva, Krasimira L. Peneva
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The eyntheses of baleh systems “with heat storage lanks
is discussed. Two seéparate systems — a heal recovery system
and a system ol aoloromots exlernal heating and EDDI[H%
by using external uiilily are considered. They are intends
to carry out fhe heat integration process; and temperature
corrections [T required. W

Two schemes of heat Integration {1) with two beat stoea-
ge lanks, and (2) with a common storage tenk, are proposed
and an analy=is of the heat cxchanse presses is carred out,

The main design paramebers of both heal recovery system
and the system for aulonomeous external heating and cooling
are determined In the design problem, while {n the retrofit
problem the maln design parameiers of (he heat recovery sys.
tem only are obtained. Both the design and the retrofit prob.
tems are formulaled “in terms of Honlinear programming,
The optlmal criterlon used |5 the maximal profit obtained
from the reduced external epergy consumption by accounting
for the capitel costs. -

An iHluskrative numerical example is considered.

Kep wardy: desing, retrolit, batch system, heat slorape,
Integration,




A NEW APPROACH FOR DETERMINATION THE HORTZOMW LONSTRAINTS
FOR DESIGN PROBLEM OF MULTIPURPOSE BATCH CHEMICAL PLANTS

N. VYaklieva=Bantcheva, B. Ivanov.

Institute of Chemical Engineering, Bulgarian Academy of

Eciences, Acad. G Bontchev str., Bl 103, 1113 Sofia, Bulgaria

Abstract

Referring to the multiperiod design model of multipurpose batch
chemical plants, a novel approach for determination of the equi-
valent horizon constraints based on graph theory, and in parti-
cular, on obtaining a family of maximum independent vertex sets,
iz considered. A suitable methed to find a family of masimum
independent vertex sets, is proposed.

Keywords

Multipurpose batch plant; Design constraints; Graph theery.




HUNGARIAN JOURNAL
OF INDUSTRIAL CHEMISTRY
VESZPREM

Vol 21. pp. BT -02 (1993)

DETERMINATION OF THE HORIZON CONSTRAINTS IN
MULTIPURPOSE CHEMICAL PLANT DESIGN

N. VAELIEVA-BANCHEVA and B. IVvANOV

(Institute of Chemical Engincering of the Bulgarian Academy of Sciences,
ul. Acad. G. Bonchev bl. 103, Sofia 1113, Bulgaria)

Received: September 23, 1992

In this paper, a method of finding the proper horizon constraints in multipurpose
batch chemical plants design, is proposed. The method covers the complex
scheduling task involving the design problem and determining the horizon con-
straints, to be solved. It is characterized by wsing a solution search tree upon a
search area consisting of thosc groups of compatible productions which are of
maximum size. The method inclodes three main stages 1) delermining of the
search area, 2) determining of the optimum or near to the optimum schedules, and
3) determining of the horizon constraints. An example from lilerature is used to il-
lustrate the opportunities of the method.
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HEAT INTEGRATION IN BATCH REACTORS OPERATING IN
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The present sundy addresses the problem of determining heat integration oppor-
pnities in @ systemn of two batch reactors operating in differeat time intervals. In
three snccessive parts different aspects of the use of heat storage tanks are con-
sidered, In the first part of the study cases using two storage tanks are discossed,
the second deals with cases using one common heat storage, and the third part is
devoted to the probbems of synthesis and reconstruction of iniegrated systems with
heat storage tanks.

In the present first part of this study three different amangements of heal intcgra-
tion are proposed, which are soitable for cases of regular performance of balch
processing lines where the number of appesrances of both hot and cold vessels is
equal. Mathematical models describing the beat exchange in such cases are
developed. Tomperature ime-variation relationships as explicil function of the
main design and performance parameters are obtained.
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In the first part of this work [1] a method of heal integration of hot-cold batch
reactor system which operates in different time intervals by using beat storage
tanks was considered. This paper deals with cases using one common heal storage.
Three different schemes are discussed suitable for cases where the number of heat-
ing and cooling steps is not equal. Mathematical models are developed and
analytical relationships defining termperature time variations of the process fluid as
an explicit function of the main parameters of the heat exchange cquipment are ob-
tained.
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HEAT INTEGRATION IN BATCH REACTORS OPERATING IN
DIFFERENT TIME INTERVALS PART IIL
SYNTHESIS AND RECONSTRUCTION OF INTEGRATED SYSTEMS WITH HEAT
TANKS
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In the previous two parts of this work {2.3] the use of beat storage tanks for energy
accumulation in e system were discussed.

This paper is devoted 1o the problems of optimal synibesis and reconstruction of
such beat integrated svstems. Mathematical formulae is given, contzinmg the reac-
tor temperulure time-course as explicil function of the main design and
performance parameters of the heat exchange equipment employed. The problems
under consideration are formulsted as nonlinear programmes. An example i given
to illustraie the applicability of the method proposed.
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OPTIMAL RECONSTRUCTION OF BATCH CHEMICAL PLANTS WITH REGARD TO MAXIMUM
HEAT RECUPERATION

B. Ivanov, N. Vaklieva-Bancheva

Institute of Chemical Engineering, Bulganan Academy Sciences
Acad. G.Bontchev Str, Bl 103, 1113 Sofia, Bulgaria

Abstract

A strategy for optimal reconstruction of batch chemical plants for maximum heat recuperation based on the
principle of decomposition is proposed. Scheduling with maximum heat integration power is considered in detail
as a subproblem of the overall design procedure. The problem is interpreted in terms of the binary linear
programming technique.

Keywords

Batch Chemical Plant; Reconstruction problem; Energy Integration; Schedules; Binary Linear Programming.




Computers chem. Emgng, Vol. 18, Suppl., pp. §313-58317, 1994 DO9E-1354/94  56.00+0.00
Printed in Great Britain Pergamon Press Led

OPTIMAL RECONSTRUCTION OF BATCH CHEMICAL PLANTS WITH REGARD TO MAXIMUM
HEAT RECUPERATION

B. Ivanov, N. Vaklieva-Bancheva

Institute of Chemical Engineering, Bulganan Academy Sciences
Acad. G.Bontchev Str, Bl 103, 1113 Sofia, Bulgaria
Abstract
A strategy for optimal reconstruction of batch chemical plants for maximum heat recuperation based on the

principle of decomposition is proposed. Scheduling with maximum heat integration power is considered in detail
as a subproblem of the overall design procedure. The problem is interpreted in terms of the binary linear

programming technique.
Keywords

Batch Chemical Plant; Reconstruction problem; Energy Integration; Schedules; Binary Linear Programming.
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SYNTHESIS OF HEAT EXCHANGE NETWORKS FOR HOT-COLD BATCH
REACTOR SYSTEMS
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A method for heat integration of hot-cold batch reactor systems with several heating andfor cooling agents available at
various prices and temperatures is considered. A generalised heat exchange network structure including a heat integration
block and a block for external heating and cooling is presented, A heat exchange mathematical model is developed. The
synthesis problem is formulated in terms of non-linear programming. The cost of the heat exchange network is accounted
for. The method proposed is illustrated by a numerical example,
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AN APPROACH FOR SOLVING A SCHEDULING PROBLEM FOR
MULTIPURPOSE BATCH CHEMICAL PLANTS

N. VARKLIEVA-BANCHEVA and B, Ivanov

{Institute of Chemical Engineering, Bulgarian Academy of Sciences, Acad. G. Bonichev Str., BL. 103, 1113 Sofia,
BULGARIA)
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An approach for solving a scheduling problem relevant to a multipurpose hatch chemical plant with multiple production
routes is propased in the article. A mixed campaign operation mode is regarded. One mied campaign may include bath
different routes of different prodocts and more than one route for the single product. By selecting & suitable class of
schedules, ie schedules involving conseculively camed oul campaigns of compatible production routes and
minimisation of the schedule duration as & criteria for an estimation, & scheduling problem is formulated as a covering
problem in terms of binary linear programming. An approximation method for sclution of a scheduling problem which
is intended to cope with two basic problems: (i) to avoid the large dimension of the initial task, and (ii) to obtain
rapidly the optimal or near to optimal schedules of the desired class is presented.

The first task of avoiding the high dimension of the initial problem is achieved by determination of the superstructure
of the schedules of the desired class. The optimal or near to optimal schedules are determimed by using the solution
method based on the senrch tree applied (o the superstructure obtained. The theoreticel bounds of the desired schedules
end the branching function are formulated. An algorithm i3 proposed to find the selutions. The procedure under
consideration is illustrated by solving a simple example,

Keywords: multipurpose batch chemical plant, multiple production routes, optimal scheduling problem, search tree
solution method :
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i OPTIMAL ENERGY INTEGRATION IN BATCH ANTIBIOTICS MANUFACTURE

CHR. BOYADJIEV, B.IVANOV, N.VAKLIEVA-BANCHEVA
Institute of Chemical Engineering - Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

C.C PANTELIDES, N. SHAH
Imperial College of Science Tech nology and Medicine, London SW7 2BY, UK

ABSTRACT

In this paper the optimal energy integration problem for an existing antibiotics plant is discussed.
An appropriate scheme for a direct heat integration is proposed, The optimal operation and
scheduling problems for the integrated scheme arc solved. The overall energy cost is thus
decreased by 39% .

KEYWORDS

Batch processes, Optimal operation. Scheduling, Energy integration, Antibiotics manufacture.
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HEAT EXCHAI&GER NETWORK DESIGN FOR
MULTIPURPOSE BATCH PLANTS

N. Vakrieva-Bancaeva,! B, B. Ivanov,t N, Suan’® and C. C, PANTELIDES®

'Institute of Chemical Engineering. Bulgarian Academy of Seiences, 1113 Sofin, Bulgaria:
*Centre for Process Systems Engineering, Imperial College of Science. Technology and Medicine,
London SW7 2BY, UK.

{Recerved 17 October 1994; final recision received 5 Tune 1995)

Abstract—A mathematical programming approach o the design of heat exchanger networks for
multipurpose batch plants is presented, aiming to determine the minimum total cost network while
satisfying given product demands.

Only the direct mode of heat integration is considered. The plant is assumed to operate in a zero-wait
overlapping mode, where each product must pass through a subset of the equipment stages, and
production is organized in 4 series of long campaigns. The formulation presented takes account of the
additional scheduling complications that arise out of energy integration between different products in
the same campaign. The overall formulation results in a mixed integer linear programming problem that
can be salved to global optimality using standard 1echnigues.
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WASTE WATER REDUCTION FROM THE CULTURE MEDIUM
PREPARATION STEP OF AN ANTIBIOTIC PRODUCTION
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This paper deals with the problem for waste water reduction fram the culture medium step of an antibiotic production
in a casc of a heat integrated fermentation stage. The heat integration of the fermentation siage iniroduces a heat
integration cycle time that decreases the time betwéen consecutive inoculation phases of the fermenters and arises as a
precandition for redistribution of the seed fermenters used in a way the waste water from the p 1o be d i
To explore this potential for waste reduction, a scheduling procedure for the culture medium step is introduced
involving the following main steps: determination of a time horizon for the seed preparation step; creation of schedules
with a zero-release of wastc watcr, called basic schedules and, relaxation of the basic schedules to ensure a success of
inoculation.

Finally, different schedules arc created for the culture medium step, according to proposed procedure, and investigated
from the waste reduction and the required pieces of equipment points of views.
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DESIGN OF A HEAT EXCHANGER NETWORK FOR A SYSTEM OF BATCH
VESSELS

A, PoEna, B IVANOY'* and M. VAKLIEVA-BANCHEVA'

(Research Instituie of Chemical Enginecring - HAS, YVeszprém, Hungary
Mnstitute of Chemical Engincering - BAS, Sofia, Bulgaria)

Received: Fanugry 5, 1998

The paper considers a heat integration problem in a system of hoticold batch vessels available in a given Gme intorval, H,
repealed several imes in the planning period. The sim of the study i3 1o propose a design procedare which exploiis the
system heal imegration porentisl and ensures the desired wessel fingl lemperstures at minimum total cost, I is assumed
thar maiching betweer diffeveni pairs of hoticold vessels is camied out in sequential subintervals within & inchsding
heating and cooling supplied by external utilities. In order to charactenise the heat exchange equipment required for i
given systemn, o generalised engineering parameter called conditionally Power of the Heat Exchanger (PHE) representing
the basic heat exchange imp:u:l paramelers, 14 mtroduced. The heat exclhianger network d-e'sit.u: prohlem 18 formulsted a5 a
mixed fnteger non-linear programming (MINF) task under constralnts of heat integration feasibility, order and duration
of matching, installed PHE. exiernal utility requirement and requined semperamres, The approsch i3 illustrated by an
example,

Keywords; batch system, encrgy integration, scheduling, heat exchanger network, design.

! Cawrguters and Chemicel Erginesrisg Saprlement (1399) 575-57%
rgam © |95 Elewet Science Lid, AT gt reserced
Fe . P GO0RE- | 35400083

Waste Minimization Through Optimal Plant
Retrofit

N. Vaklieva-Bancheva, B. Ivanov
Institute of Chemical Engineering - BAS, Acad G Bontchev Str. BIL 103, 1113 Sofia, Bulgaria
e-mail: systmengibas. bg

Abstract: Lk )

A problem for optimal plant retrofitting, aiming to minimize the acrylonirile released in the sllfﬁnsp_hcr: from a
Gas Treatment Depariment &l Aceylic Fibre Flant, is considered. The applicd retrofit policy _um:h':s .F.L}
substitution of o used solvent with an appropriatc sclected mixture: (i) Nowshe el superstriciure dnﬁ.rdlllo.n; and (i}
process parameters and mixiure compasition determination, so as the environmenial rcgumtmns at minimurm il
tetrofit cost to be reached The pointed steps are described and the resulis obtai ned are discussed

Keywords-waste minimization, optianal retrofitting, acrylic manufactire




OPTIMAL RETROFIT OF HEAT EXCHANGE NETWORKS (HEN)
USING HEURISTIC PATHS AND SUPERSTRUCTURES
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In the presented study a new methodology for optimal, heat exchanpe
network (HEN) retrofit is proposed. Tt involves a two-stage procedure fora |
comrect solution of the optimization problem. At the first stage an appropriate
HEN retrofit superstructure is io be built by using the pioch apalvsis and
heunstic paths construction, while at the second one the optimal set of
retrofit modifications is ohtained using mathematical programming. The |
advantage of the proposed methodology is demonstrated by using 2 real case |
siudy.

Key words: ophmal IIEN retrofit, heunstic paths, - superstructure,
mathematical propramming
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APPLICATION OF FOURIER TRANSFORMATION FOR WASTE
MINIMIZATION IN BATCH PLANTS. 1. ANALYSIS OF PRODUCTION
RECIPES

N. G. VAKLIEVA-BANCHEVA, E. G. SHoPOVA and B. B, Ivanov

(Institute of Chemical Engineering — Bulgarian Academy of Sciences,
“Acad. G. Bontchev” Street, B1. 103, 1113 Sofia, BULGARIA)

Received: July 23, 2002

In the present study an altamative system oriented approach for determining the environmental impact assessments is
proposed, 1t is based on the application of Fourier transformation for presenting the discontinuous funcrions of waste-w
mass rates as continuous ones. Using the Fourier transformation the respective environmental impact indices are
presented as functions of time and the environmental impact assessments for the given pollutant and for the entire plant
are obtained,

The approach is used for environmental impact analysis of production recipes based on the example of eurd processing.
The optimal milkfat content is obtained so that the Global BOD generated in the process is minimal, The distribution of
the environmental impact level into the production cyele is presented,

Keywords: environmental impact assessment, Fourier tansformation
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Minimization of wastes from batch plants for compatible manufacturing of products
N. G. Vaklieva-Bancheva*, E. G. Shopova, B. B. Ivanov

Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev 8t., Block 103, 1113 Sofia, Bulgaria
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The batch plants bring about numerous complications concerning waste minimization problems due to discregtness
of the production, existence of multiple production routes ete. The aim of this paper is to deal with the waste mini-
mization problems in a particular case of compatible and cyelic manufacturing of a group of products in multipurpose
batch plant. The formulated optimization problem takes into account both the composition of raw materials and the
scheme of production routes. Sets of constraints control the feasibility and compatibility of the production routes and
justify the accomplishment of production demands in the time perspective. Aiming to avoid the problem of
discreetness, an approach developed earlier, based on the application of Fourier transformation, is extended to model
the waste emissions of plant. Global and Local Environmental Impact Assessments are proposed to be used as the
objective fimetions.

An example, concerning simultaneous manufacturing of two types of curds in a dairy, is used to illustrate the
considered problem. The aim is to determine the milkfat content for both products and the equipment applied, in such a
way to fulfil a given demand for a specified time interval at minimal biological oxygen demand BOD “generated” from
the process. The BOD “generated” by inherent losses also is taken into account in the formulated problem.

Key words: Waste minimization, Fourier transformation, Multipurpose batch plants, Dairy processing.
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Multi-objective Optimization of Curds Manufacture

N.G. Vaklieva®, A. Espuna®, E.G. Shopova®, B.B. Ivanov® and
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Abstract

In this paper, an important profit’environmental impact trade-off problem in dairy is
presented as a multi-objective optimization problem. A Genetic Algorithm (GA) is used
to find the conditions leading to the best compromise between both objectives. Two
cases, at different weighting coefficients are considered to illustrate an enhanced effect
of the environmental impact on the multi-objective function.

Keywords:  Multi-objective  optimization, Genetic  algorithms, Dairy, Profit,
Environmental impact.
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Multi-Objective Optimization of Dairy Supply
Chain
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G Bontchev St BL103, 1113 Sofia, Bulgaria, E-mail vaklievaigbas bg
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Abstract

In this paper. an important profit'market demands/milk vendors® satisfaction
trade-off problem in dawry supply chain is presented as a omiti-objective
optimization problem The Pareto Frontier is generated to present the fromt of
the optimal compromise. The obtained Pareto Frontier contowr plot is proposed
to support the planning managers for quick plant profit estimation in case of
pricrities changing in dairy supply chain

Keywords Supply chain Multi objective optinization, Dairy complex
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Supply chain optimization of batch chemical plants comprising continuous flexible
process networks

B. B. Ivanov*, K. I Mintchev

Process Systems Enginsering Labovatory, Institute af Chemical Engineering. Bulgarian Academy af Sciences,
Acad. G. Borchev 5t Block 103, Safia 1113, Bulgaria

Received Jaly 25, 2006, Fevized Movember 30, 2004

The problem of optimal management of omltipurpose and nmltiproduct batch plants (MPBP) and their
complexes in the chemical industry has been studied. The work was focused on the merging of mmltipurpose
plants into corporations aimed at achievement of sustainable resnlts of the vnified system In particular. the
merging of pharmaceutical plants that exhibit specific featnres and the relevant problems of optimal
petformance has been targeted. The main objective solved is fornmlation of a planning strategy and
schedules of nmltipurpose chemical plants, while accounting for the basic commercial requirements. A
strategy, based on the decomposition approach grounded om a two-stage optimal control task of the
multipurpose system. has been proposed. Stage 1 considers definition of produet portfolios corresponding to
each individual plant of the complex

The feazibility of the suggested approach and its mathematical background in solving the first stage of the
strategy are demonstrated by an example approximation of reality. based on software generated by
MATLAB version 6.30.

Key words: Supply chain ophmization, multipurpose and multipreduct batch plants.
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Control of production campaigns with optimal loading of the power systems during
multipurpose and multiproduct batch chemical plants operation

B. B. Ivanov*, K. I. Mintchev

Process Systems Engineering Laboratory, Instifute of Chemical Engineering, Bulgarian Academy of Sciences,
Acad. G. Bonchev St., Block 103, 1113 Safia, Bulgaria

Received September 19, 2008; Revised June 3. 2009

The paper 1s devoted to the problem of optimal loading of the joint systems of power supply of nmltipurpose and
multiproduct batch chenucal plants (MMBCP) operating m regime of production campaign. Mathematical method 15
proposed for determuming the control mdependent vanables that ensures mummum dewviation of the loading
characteristics of power demand of the related power systems from the ideal ones. The models developed for power
consumption of the mdividual productions that belong to a production campaign were based on Fourier series. The task
of optimum control was formulated as a non-linear mathematical programming one. The method proposed 1s venified by
a test example.

Key words: multipurpose and multiproduct batch chemical plants, optimal loading of the power systems.




BATCH CHEMICAL PLANTS. Il. THE OPTIMAL DE-
SIGN OF BATCH CHEMICAL PLANTS
Vaklieva-Bancheva, N., B. lvanov, Hr. Boyadjiev

A review of the optimal E!E:Srgn problems for batch chemical
plams is presenied in this paper. Three general cases of the
desing problem are discussed: (1) the design of individual
batch productions, (2) the design of the multiproduct batch
chemical plants; .and (3) the design of the multipurpose
batch chemical plants. The connections between these
problems are putlined. It is mention that the multipurpose
design problem has to be cansidered with the scheduling
problem. The review of the mathematical methods used 10
solve above problems is done.

. BATCH CHEMICAL PLANTS. |. THE PROBLEMS
- OF OPTIMAL OPERATION

Vaklieva-Bancheva, N., Hr. Boyadjiev., B. lvanov

A review of the optimal operation problems for batch
chemical plants is presented in this paper. Three levels of
. the problem are discussed: (1) the overall production
planning. (2) the internal production planning and (3) the
scheduling of a machine allocation plan. The chemical
engineer is familiar with first and third levels of the above
problem. For the first level, many problems and theirs
application are infroduced. For the second level the prob-
lems are generally economical. It is shown that the methods
applied to solve the scheduling problems depend much on
the manufacturing product organization in the time, con-
cerning the third level. Thus, the scheduling problems are
divided into two types: (1) for the multiproduct chemical
plants, and (2) for the multipurpose chemical plants. These
problems and theirs application are regarded separately.
Finally, the field for further investigation is drawn.
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A PROGRAM PACKAGE FOR TECHNOLOGICAL PROCESSES SIMULATION IN PETROLEUM
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ABSTRACT

The main features of a program package
HYSYSIM for technological processes simulation in
petroleum terminals and fuel and oil depots are
considered in this paper.

The simulation approach for complex chemical
systems 1s used. A five level hierarchical mathemat-
ical model is created, involving: functional element
models, linear hydraulic sector models, hydraulic
line models, hydraulic system models, and petro-
leum terminal and fuel and oil depot models.

The program package HYSYSIM structure and
the main problems that can be solved are described.
The brel description of used menus for user-
computer interaction is made,

The program package HYSYSIM is tested for a
real petroleum terminal.

Keywords: petroleum terminals, hydraunlic model-
ling, simulation, program package.
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ufgarimhAMMI of Sc:ence
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bottleneck places and ways to overcome them; an
engineer designing has to be done as well.

The other direction concerns improving the
organisation and controlling the technological
processes connected with petroleum product supply
and distribution. It is accompanied by adopting new
methods and tools for a PT&FOD stall and
petroleum  product users interaction. Thus, a
necessity of tool development for impartial assess-
ment and analysis of allernative variants concerning
the technological process organisation and control
is imposed,

I order to solve successfully the above-mentioned
problems, a program package for HYdraulic
SYstem SIMulation, named HYSYSIM, has been
created. The goal of the present paper is to describe
the general mathematical methods used and the
structure and possibilitics of HYSYSIM intended
for PT&FOD technological processes simulation.

SIMULATION OF PETROLEUM BASES AND
FUEL AND OIL DEPOTS
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PLANNING AND SCHEDULING FOR MULTIPURPOSE
BATCH CHEMICAL PLANTS IN PROCESS INDUSTRIES

Bovan IVANOV', Dizgomir DOBRUDZHATLIEV?
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Absztract

The problem of epfimal management of mulipwpose batch chemical plants
{MECP) and complexes there gf in the chemical industry has been studied. The
work was focused on cases of merging of one-npe multipwpose plants into
corporations aimed at achievement of sustainable performance of the wrjfied
system. In particular, merging of pharmaceutical plantz thar exhibit the specific
Jeamras and the relevant problems of optimal performance haz been rargeted
The main goal thar has been achieved with the present work is the genevation of
a methed for plmming and scheduling of complexes. comprising of
multipurpose plants, taking imfo consideration the requirements of the marker.
The model offered is based en a svategy of solving the problem using the
compositional appreach, according to which the problem of optimal
management of multipwrpoze complexes and the problem optimal production
scheduling of the work of the multipwrpose plants are solved simultansously.
This problem iz formulated as a preblem gf the mathematical programming
with a guality criterion — the fotal profit of the system. The gffectivensszs of the
offered approach and the mathematical formularion are demeonstrated via
sohving an example that is as clese as possible to reality with the help of the
created softwars using the language MATLAE 0.50.

EKeywords: Barch process, Scheduling, Supply Chain, Multimorpose plants.
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DESIGN OF MIXERS FOR CHEMICAL AND BIOCHEMICAL INDUSTRY
Y. IDI‘}'SI]IIOYEII*, D. Dobl‘udzhalievl, B. Ivanovl

'Technical Faculty, University Prof. Dr. Assen Zlatarov, Burgas, Bulgaria.
*Institute of Chemical engineering, BAS, Sofia, Bulgaria.

ABSTRACT

This paper examines the design of mixers for the chemical and biochemical industry. Depending on
the mixing phases mixers possess different construction features. The design of mixers includes
technological and strength calculations of these sets. able to create stable emulsions and suspensions
used as raw materials 1n a number of productions or as fimshed products mntended for consumers.
The calculation and sizing of these facilities are made by means of specific algorithms, which are
carried out in peer-reviewed software products. The use of such software helps facilitate most
calculations for various types of nuxers: a hquid-liquid. solid-hiquid and liquid-gas.

Key words: Mixers, design chemical and biochemical industry.

Energy integration in antibiotic production using heat tanks
Desislava Nikolova, Bovan Ivanov, Dragomir Dobruzhaliev

Pesrome: B nacmoauama paspasomsa ce pazeiexcoa npooieia sa pedvijupane
HO HOMpeSIennemo HA eHepIuA  upes MONTUHHA NWHMespayus & cucmeila
ouopeaxmop npu npousscdcmeome Ha awmuouomuyn. Ilpedioxcena e cxeva 3a
MONTHHHA HHMEIpayuA c© J6a MONTUHHL pe3epsoapd, OcuIyPAsalya paocona &
pazuunn spevtest unmepsaty. Cv3daded e Memoo 3a YNpasieHle Ha npolectme Ha
montHAama uumezpayua. 3adavama e GopIVIHPana 8 IMePMUHNINE HA CAIECEHOTNO
HETUHENHONMO  HenpexbveHamo  npospavipare  (MINLP).  Voaunocmmna — Ha
NPeOTasanliA MeMo0 € NOKA3aHa ¢ NPUMER ofl NPaxnuxaama.

Key words: Heat integration, Batch reactors, Heat storages, Antibioties




Energy integration in antibiotic production using heat tanks
Desislava Nikolova, Bovan Ivanov, Dragomir Dobruzhaliev

Pezrome; B nacmoauama paspacomsa ce pazeiexcoq npooiena sa pedVijlpane
HO HOMPEOIeHueMo HA eHepIla  upe3 MONIUHHA NHMeSpayus & cucmea
ouopeaxmop npu npousscdcmeome Ha awmuouomuyn. Ilpedioxcena e cxema 3a
MONTUHHA HHMeIPayUA © 0sa MONTUHHN Pe3epeoapd, OcUVPASAla paoona &
pazuunn spevtest unmepsani. Cb3oaded e Memoo 3a YNpasienle Ha npolectime Ha
THONTUHHAMA NHIMEZPAYIUA. 3a0ayama e GopMyTIpara 6 MepMUHUINE Ha CMECEHoo
HellHeliHone  HenpexvcHamo  npocpavupare  (MINLP).  Voaunocmma  Ha
NPeoTacanliA Memoo e NOKA3aHa ¢ nPUMeR of Npaxmuxaama.

Kev words: Heat integration, Batch reactors, Heat storages, Antibiotics

BIOMASS-THE TASK OF ECOLOGY AND FACTORIN ENERGY

Boryana Kr. Dimitrova’, Boyan B. Ivanov', Dragomir G. Dobrudzhaliev®
nstitute of Chemical Engineering-BAS Acad Gonchev Str,
Bl 103. Sofia 1113-Bulgaria.
Prof Dr. Assen Zlatarov UniversityProf Yakimov Str. 1,
Bourgas 8000 - Bulgaria

Abstract

Constantly decreasing primary energy sources and environmental issues are part of the reason fo seek
alternatives by developing new technologies. Biomass as organic matter of vegetable origin and
animals can be recycled, processed and used for the extraction of emergy. In the presented work
looking at the different tvpes of biomass as a potential source for energy. A rating of the energy
potential of different tvpes of biomass. Furthermore, an overview of the main methods for processing
and to generate energy. The final result of the work is a classification of different types of biomass and
grouping in terms of their efficient processing fo produce energy on a particular method.
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IMPROVING THE ENERGY EFFICIENCY OF INDUSTRIAL BATCH PROCESS USING
HEAT INTEGRATION

Boyan B. Ivanov', Desislava St. Nikolova', Dragomir G. Dobrudzhaliev’
nstitute of Chemical Engineering. Bulgarian Academy of Sciences
Acad. G. Bonchev Str.. Bl 103, Sofia 1113, Bulgana
*Prof. dr. Assen Zlatarov-Umiversity-Bourgas
Prof. Yakimov Str 1, Bourgas 8000. Bulgana

Abstract

Energy efficiency has become a very important term for evaluating the sustainability of industrial
processes. Due to environmental, but also economical reasons, the readiness for opfimizing a process
is gaining ground. In this study the problem of reduction of energy consumption in bioreactors system
of antibiotics production by means of energy integration is considered. An energy integration scheme
is proposed, which provides both fo the process of cooling a reactor after its sterilization and
preparation of Substrate to another reactor. A mathematical model of processes in both reactors is
developed. By using this model a method for managing the processes of heat integration is created.
The problem is formulated in the terms of MINLP. The efficiency of propesed approach is illustrated
on the example of the industry,

Key words: Heat integration, Batch reactors, Optimal control, Quasioptimal control
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chemical plant

ONE APFROACH FOR AN AUTOMATIC OPTIMAL DESIGN OF MULTIPRODUCT
CHEMICAL PLANTS

B.B.Ivanov, N.G.Uaklisvi-ﬁantchava: Chr.E.Buvadjlev'

Multiproduct chemical plants are designed for the seguen—
tial production of several products. The problem far the optimal
design of such plants is reduced to the determination their
structure, volume and number of parallel working units of one and
same type. The optimality criterlion is the minimal cost of the
equipment for prescribed volume far presc-ibed TLmE . =1 method
i=s preoposed to determine the structure of the chemical plant.
The problem for the determinmation of the design parameters of the
apparatuses and the number of parallel working units of a fixed
type 1s formulate in the terms of MINP. The problem is solved by
adaptive methods of NP, A strategy of an automatic optimal design
of multiproduct chemical plants is proposed, and a dialogue pro-
gramne system "DESIGN" is developed to realize this strategy.




HEAT INTEGRATION IN REACTOR SYSTEMS ‘AT FIXED
TIME INTERVAL

B. lvanov, K. Peneva and N. Bancheva

Institute of Chemicsl Engineering, Bulgarian Academy of Sciances,

+ Acad. G.Bontchev sir., bl.103, Sofia 1713, Bulgaria

Until recently most of the research projects relevant to batch plants
treated predeminantly problems associated with optimal operation control
and optimal design, without taking into account energy consumption and
energy cost reduction. The concept of heat integration was considered 1o
have almost no application to batch processes. This was due to certain
potential cbstacles to heat recovery realisation as:

- discrate heat fluxes, which means that not ail heat sources and sinks are
always simultaneously availabls;
- the low share of energy in the total preduction costs, etc.

Only lately some papers appeared, where process integration oriented
to reduce the utiity consumption in batch chemical plants has been
discussed. In one of the first papers devoted to this problem [1] an heuristic is
given, showing that it leads to optimal sclutions for certain instances in which
the desired final temperatures do not restrict the exchanges. For cases with
farget temperatures limiting some exchangss., a MILP formulation is
proposed. The authors assume that the sequence of matches takes place
consecutively in time. The additional cooling and/or heating required in cases
when after a given match the desired final temperatures are not reached, as
well as the fixed length of time for.a given exchange, are not considered in
this work.




MEAT INTEGRATION IN A BATCH RIORERCTOR BYSTEH

E.Pencva, B.Ivehov and V,Banchaval)

Hest  integration opportunlties {ip & system of two. batch
bioreactors [ntended for blotransformations, are congidered. The
enphazis is in the practical bagkground of such a technigqua which
complete heat utilization in @ aysten while taking into acceunt
the particular  reguirements of the {ndividual batch vessel
catagories. Three different versions of heat exchange arrangements
weres suggested to =olve the problem of heating or cooling of a
blomass in & bioreactor. In all cases & systam of axternal and
Jacket or Immersion heat exchangers wess to obtain Ebhe desired
final temperature avolding transfer of bioreackor consistenciss
in other vessais.

Twe possible ways of biomass heating or cooling are considared:

8) a two-step procedurs, i.e. a first step of heat integretion is
carried by using intermediate heating agents, avoiding external
heating dgents, and a second step i & ceries of further
coaling/heating by using ewxternal heating/cooling agent in tha
next time interval, and

b} = single-step precedurea, follawlng a combined heat
recuperation, by using intermediate heating agants, and a
tamperature correctian thraugh additional suxiliary
heating/cooling agent.

The advantage of the second approach is evaluated,

Mathematical modele were developed to describe the heas exChangs
process following different schematics. Analytical formulas wers
found to define vessal temperature variations as & function of
de=ign and performance parametecs.

A method of parametrics synthesis of  the gysteas under
cansideration  was proposad  to o ocarry  out racuparation heat
axchange, which allowsd the task to be reduced Eo a  Fmere
deternination of the malh design parameters of the utilized heat
exchange egquipment and to the circulation flulde flow rates. The
problem was formulated on the basis of non 1inearc porgramming at
an optimality criterion of a pinimun price. The problem was solved
by the method of creeping tolerance.

An example = given which £fllustrates the feasibility of the
method proposed.




HEAT RECOVERY IN BATCH SYSTEMS WITH HEAT STORAGE TANKS.
e DESIGN AND RETROFIT PROBLEMS

B Ivanov, N. Vaklieva-Bancheva, K. Peneva
Institute of Chemical Engineering
Bulgarian Academy of Sciences

1. Introduction

Problems related to heat integration in batch chemical plants have not been discussed
so far because of the discontinuous character of heat fluxes and the low share of
energy costs in the overall plant expenditure. It was not until the last decade that
they attracted the investigators attention. Studies appeared devoted to application of
various methods analysing the opportunities for heat integration (Kemp & MacDonald
[1,2], Kemp & Deakin [3,4,5], Linhoff, Ashton & Obeng [6], Obeng & Ashton [7], Petela
[8]). Despite the differences in the various approaches employed, their common
feature has been the assumption of limited changes in the schedules [4,1,2,7,8] or
limited technology alterations [7,8], both being accepted in order to ensure
simultaneous heat source and heat receiver availability. Methods for determination of
optimal parameters of the heat exchange equipment required, has been proposed
(Ivanov et al [9,10,11])

However, in the prevailing cases the best reactor pair which could ensure
maximum heat recuperative is not available simultaneously. In such cases
accumulation of the energy becomes necessary.

The present study deals with the problems of heat integration in batch
reactors by using heat storage tanks. Its objective is to propose a suitable integration
decision for a system of two reactors and to determine the design parameters of the
relevant heat exchange equipment ensuring maximum heat recovery at a minimum
capital cost.
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SUPPLY CHAIN OPTIMIZATION IN THE MULTIPURPOSE
BATCH CHEMICAL INDUSTRY

Boyan Ivanov, Kiril Mintchev
Institute of Chemical Engineering-BAS,
Process System Engineering Laboratory,
Acad.G.Bonchev Str., BI.103, Sofia 1113-Bulgaria
E-mail: bivanov{@bas.bg , systmeng(@bas.bg

Abstract: The problem of optimal management of multi-purpose and multi-product batch
chemical plant 1s examined in this paper. A new planning strategy and scheduling of batch
plants 1s offered. the maimn objective 1s maximum profit for the system as a whole and also
taking into market demand. This task i1s solved using new mathemartical formulation which
finding to the optimal manufacture portfolio. The efficiency of the procedure is demonstrated
by an llustrative example from the pharmaceutical industry.

Key words: Supply chain. Optimal scheduling. Multipurpose Batch Chemical Industry
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Use of CAPE-OPEN standards in the coordinated
optimization of plant production scheduling and supply
chain planning

I M. Lainez*, C. Benglilon®, A. Espufiz®, B. Ivanov”, N. Vaklieva", L. Puizjaner”

* Chemical Engineering Deparmer, Universitar Politécnica de Catalunya (UPC), ETSEIE, Avda.
Digganal 647, E-05025, Barcelona, Spai
* Institute of Chemical Engineering, Bulgarian Academy of Sciences (BAS), 1013 Saffa, Bulgariz.

1. Summary

Following different specific needs and research programs dunng last wvears, a
considerable number of =imulating packages and components for chemucal
engineering have been created. However, it has been accounted that these pieces of
softerare are not straightforwardly smtable for mtegration with other complementary
applications, which constitutes a basic need from the perspectrve of mdustnal use.
Aiming to respond to this need, the CO-LaN (hiip:"www.colan org} laboratory was
created in order to develop commeon standards (CAPE OFEN standards) which should
allowr transparent commumication between different applications. On the other hand,
although the historical trend in the management of single manufactwing sites has
been driven by the integration of ageregate planning and detailed scheduling', current
Advanced Plannmg and Schedulmgz (APS) systems suppert the decision making
process at specific levels and fimetions. so that the considerafion of their co-operative
supply chain network (SC) requres a revised perspective and complementary
decision makmg structures. Furthermore, additonal 5C key considerations (e g
environment, finances, marketing), are not adequately covered or even disregarded by
current approaches. Under such cireumstances, OO standards for interfacing software
components seem an adequate answer and proper strategy to propose a framework
made up of a flexibly envelope of drverse applicatioms to assess SC decisions at
different hierarchical levels and functions. The shucture proposed m this work 15 thus
m consonance with the trend towards enterprise wide modeling (EWO) which aims to
mtegrate all the functional decisions into a global model dnven by an overall key

perfurmance DeasIre,

Eevwords: CAPE-OPEN; supply cham management; decision support systems
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DEFINING OPTIMAL OPERATIVE SCHEDULING OF
MULTIPURPOSE BATCH CHEMICAL PLANTS AT
LIMITED RESOURCE CONSUMPTION

Boyan Ivanov’, Kiril Mintchey”, Dragomir Dobrudzhaliev”™

* Instinute af Chenrical Engineering-845,
Acad. G, Bonchev Ste. 8L, Sofia 117 3-Bulgaria
E-mall; bivanoviibasbe | nmmengEbag e
*= Prof. Dr, Assen Zlataroviniversity Bourgas
Prof. Yyakimoy Str, [, S000 Beurgas

Abstract: The problem of optimal operation of muliparpese Tateh chissleal planis
(MBCF} and mainly the defining of optimal procusction scheduling for eguipment opera-
fion is corsidered. The procedure ensures the coanpletion of & cértain production poetfa-
Hior for minimum time nd guaranices the allowed wotk load of the systemns fir resounce
comsumpdion. The optimal cperative scheduling is defined by 5 mathematical methad
eomprising eocnsecutively completed activitics. The problem i brought down 1o the
clase of mixed linear programming problems. The efficiency of the method s il usmated
Ty sl example

Key words: Opiimal scheduling, Multipurpose Basch Chesndeal Plants.
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SUPPLY CHAIN PLANNING AND SCHEDULING FOR
MULTIPURPOSE BATCH CHEMICAL PLANTS IN
PROCESS INDUSTRIES

T =~ - s
Bovan Ivanov , Dragomir Dobrudzhaliev

* Institute of Chemical Engineering-BAS,
Acad G .Bonchev Str., BI.103, Sofia 1113-Bulgaria
E-mail: bivanov{@bas bg
** Prof. Dr. Assen Zlatarov University Bourgas
Prof Yyakimov St 1, 8000 Bourgas-Bulgaria
E-mail: dragodob{@yahoo.com

Abstract: The present work discusses the problem of optimal management of Multipurpose batch
chemical plants (MBCP) mand complexes of them wused in chemical biochemical and
pharmaceutical industries.

The main goal was to develop a method for planning and scheduling in complexes of
multipurpose plants where the market requirements are taken into account. It is based on a strategy
for solving the problem using the composite approach where the tasks for optimal management of
multipurpose complexes and working out optimal production schedules are solved simmitansously.
The problem is formmilated as a task for mixed-integer nonlinear programming (MINLF).

Key words: Sepply chain, Optimal scheduling, Multipurpose Batch Chemical Industry
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Optimal control of heat integrated batch reactors

* - ] * - " e
Boyvan Ivanov , Desislava Nikelova , Dragomir Debrudzhaliev

* Institute of Chemical Engineering-BAS,
Aecad G Bonchev Str., Bl 103, Safia 1113-Bulgaria

E-mail: bivanovi@bas.bg, systmeng(@bas.bg
** Praf Dr. Assen Zlatarov University Bourgas
Prof. Yakimov Sir. 1, 8000 Bourgas-Bulgaria
E-mail: dragodob(@yahoo.com

Abstract: In the paper some problems of the optimal control of processes of heating
and cooling in a pair of heat integrated batch reactors are discussed. A mathematic
approach iz suggested to determine the control variables by which a minimum ecost of
the received energy from additional enmergy sources 1s aclueved. The problem is
formulated to be solved by mixed integer nonlinear programmung (MINLP).

Kev words: Batch reactors, Scheduling, Heat infegration
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PORTFOLIO OPTIMIZATION FOR MULTIPURPOSE
BATCH CHEMICAL PLANTS (MPBP)

Boyan IVANOV, Dragomir DOBRUDZHALIEV, Angel ANGELOV

Abstract: The presented work reviews the problem of optimal management of MPBP from the
chemical industry and complexes of them. Object of research are the integrations of the plants
Jform the chemical, biochemical and pharmaceutical industries, in which these peculiarities are
observed and the problems resulting from their optimal finctioning. The model qffered is based on
a sirategy of solving the problem using the compositional approach, according to which the
problem of optimal managemeni qf MPBP complexes and the problem optimal production
scheduling of the work of the MPBP are solved simultaneously. This problem is formulated as a
problem of the mathematical programming. Subject of the present work is the 5-echelon SC shown
on Fig 1. It consists of multitudes of resources suppliers, MPBP, warehouses, distribution centers
and consumers (S-P-W-D-C). The MPBP as elements of 5C can produce multitude of products
simultaneously in the same time interval.

Kevwords: Portfolio optimization, Supply cham, Scheduling, Batch plants
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EQUIPMENT AND TECHNOLOGIES FOR TREATMENT OF
BIOMASS
BORYANA DIMITROVA, DRAGOMIR DOBRUDZHALIEV, BOYAN IVANOV

Abstract: The deepening of global, financial and energy crises have increasingly frequent use of
alternative sources of heat and energy. Biomass is organic non-fossil material of plant and
animal origin. Undergoes appropriate processing, it can be used to generate energy.In the
present work are presented methods for converting biomass to useful target product. Detailing
the processes and apparatus for converting biomass raw material and facilities for power, heat
or liquid fuels.

Keywords: biomass boiler, bio-reactor, the energy complex, power plants, vesource security
chain
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MANAGING ENERGY CONSUMPTION IN THE PRODUCTION
OF ANTIBIOTICS

DRAGOMIR DOBRUDZHALIEV, BOYAN IVANOV, DESISLAVA NIKOLOVA

Abstract: In this study the problems of managing energy consumption in the production of
antibiotics is discussed An energy integration scheme of the processes ,,Hearing-Cooling” in a
pair of batch bioreactors is shown and a mathematical model describing the processes is
developed. By using this model a method for optimal control the processes of heat integration
is creared. The rask is formulated in terms of Nonlinear Programming.

Key words: Heat integration, Batch reactors, Optimal control




MnaHvpaHe 1 yNpaeneHdye BogeLo A0 ONTUMarHO M3non3BaHe Ha
pecypcuTe npu paboTata Ha MHOTOLIENeBN 3aBOAM OT XMMUYecKaTa 1
XpaHWUTenHo-BKycoBaTa NPoMULLIIEHOCT. PecypcHo-0CUIypUTenHM
BEpUIK

Kupun Munyes, bosx MeaHos

lMpouecume cebp3aHu ¢ Hapacmsalwjama zanobanusayus ebe8 eCUYKL CceKkmopu Ha
UKOHOMUKaMa 8 mMoea YUCHo U 8 XPaHUmenHo—eKycosama U XUMUYecKa MpoMuLLieHocm
Hanazam eHedpseaHemo Ha Hosa cmpameaus 3a maxHomo yrpasnedue. Hacmoswama
paboma deMoHcmpupa npunazaHemo Ha Hoe Memod 3a NnaHupaHe U pasnucaHusa Ha
pecypcume npu pabomama Ha MHozoyenesu 3asodu om XpaHUMenHo-sKycosama U
Xumudeckama npoMULLTEHOCTT UMANaHMUpPaH yornelHo 8 cbadadeHusa nompebumerncku
opueHmupaH cogomyepeH nakem “Supply chain™.

Planning and scheduling lead in to optimal use of resource
consumption of multipurpose plants in food and chemical industry.
Supply chain

Kiril Mintchev, Boyan Ivanov

The processes connected with the ever growing globalization in all economy sectors, the
food and chemical industnes included, force the adoption of a new strategy for their
management. The present work demonstrates the application of a new method for
planning and scheduling of the resources in the operation of mulftipurpose plants from the
food and chemical industries, which was successfully implanfed in the developed
consumer ortented software “Supply chain”.

OTTHMaI'IHO ynpaseneHue Ha TONNWUHHO MHTErpupaHn Neprmogn4Hun
peaKTopWu, uanonsyeaHu B XpaHUTenHaTa NpoMULLNEHOCT

boax MeaHoe, Hukona MHoB

Pesiome: PafBomama mpemupa npobiemu Ha ONMUMATHOMO  yrpasfieHue Ha
npouecume “Hazpasane-Oxnaxdare” e deollka nepuodudHy peaxkmopu e criyyaume Ha
mofnusHama uHmeapacus mexady msax. [pednoxed e mamemamuded Memod 3a onpedendHe
Ha ynpaenAsallume NPOMeHNUBY, KOUMO Ocu2ypAeam MUHUMYM Ha cmodHocimma
L3MON3yeaHama eHepauUA om ebHWHUMEe eHepeouU3moyHuUYLY. 3adayama e ¢hopmynupaxa &
mepMUHUIME Ha CMeCceHoImo HenuHeliHomo npozpamupare (MINLP).

Optimal control of heat integrated periodic plants used in food industry

Boyan Ivanov, Nikola Ginov

Abstract: In the paper some problems of the aptimal control of processes of heating and
cooling in a pair of heat integrated periodic plants are discussed. A mathematic approach is
suggested to determine the control variables by which a minimum cost of the received energy
from additional energy sources is achieved. The problem is formulated to be solved by mixed
integer nanlinear programming (MINLF).
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OnTUManHo ynpaeneHue Ha TONSIMHHO MHTerpUpaHn GropeakTopym
l. YNpaBneHue Npu HenpeKbCHaTH NPOMEHNUBY

Boax MeaHos, [lecucnasa Hukonosa, [paromup [obpyxanves

Pezrome: Pabomama mpemupa npobreMume Ha OAMUMANHOMO yrpasneHue Ha
npouecume “Haapasane-OxnawdaHe” 8 dsolika nepuoduyHu Guopeakmopu & cryYaume
Ha monnuHHama urmezpayus mexcdy max. [pednowen e mMemod 3a onpedensHe Ha
yrpasaAsalume MPOMEHIUSY, OCU2YPASALUU MUHUMYM H3 U3MON3ysaHama eHepaus.
Sadavama e pelieHa ¢ U3non3ysaHe Ha Memoda Ha JUHaMUYHaMa onmuUMU3aLUs.

Optimal control of heat integrated bioreactors
I. Managing continuous variables

Bayan Ivanov, Desislava Nikolova, Dragomir Dobruzhaliev

Abstract: The work deals with problems of optimal control of "Heating-Cooling”
processes in a pair of batch bioreactors in cases of heat integration between them. A
mathematical method for determining the control parameters that ensure minimum energy
consumption from extemal energy sources is proposed. Problem is solved by using the
dynamic optimization method.

OnTUManHo ynpaeneH1e Ha TONNIMHHO MHTErprMpaHn buopeaxkTopu
Il. KBaznonTtumanHo ynpaesneHue Ha npouecuTte

Boax MeaHos, [lecucnasa Hukonoea, [dparomup Jobpyxanues

Pesiome: Pabomama mpemupa npoblieMume Ha KeasuommuManHomo yrpasneHue
Ha npouecume “Haspsasane-Oxnaxdane” s Osolxa nepuodudHu buopeakmopu 8
cyYaume Ha moOMnuHHama uxamezpayus mexody max. [lpednoxen e memod 3a
K8a3UOMMUMAIHO yrpasnexLe, KOSmo ocu2ypasa MUHUMYM Ha U3NoN3ysaHama eHepaus.

Optimal control of heat integrated bioreactors.

Il Quasioptimal process management
Boyan Ivanov, Desislava Nikolova, Dragomir Dobruzhaliev

Abstract: The work deals with i1ssues of quasioptimal process control if "Heating-
Cooling” in a pair of batch bioreactors in case of heat integration. A method of quasiopfimal
control that which ensures maximum energy-saving is proposed.




CO®TYEP 3A ONPEAENAHE HA NPOWM3BOOCTBEHW
PASNMUCAHWA NP PABOTATA HA MHOIMOLIENEBMW W
MHOronPOOYKTOBA XUMWUKOTEXHONOMMYHW CUCTEMM,
OCHI'YPABALLW ONTUMANHO HATOBAPBAHE HA CUCTEMWTE
3A PECYPCONOTPEBNEHKWE

E. B. Wsaros, K. Munyes

MrcTuryT ND wseHBpHa ximien, BAH, yn. Axan, T Bolgea® 60 103, 1113 Codwa
Qapc (028707523 en nowa: bivanou@bas.by

MpegnaraHUaT coTyeped NEKET & NPeqHaIHAYEH 33 ONTHMANHOTE YNpaans-
HWE DCHTYPABaWD Hal-aobpo HaTCRAPBaHE HA CHCTEMWTS 32 pecypoonoTpebineHus
npi pataTa HA MHOMUSNEEa WM MHOMONPOAYETORE XAMWKD-TEXHONOTMYHE CHCTEME
B PEMAM Ha NPOMZBOLCTEEHE HAMNAHWA,

C nomowra Ha nakeTa ECAM ce onpeaensa painvcaHWeTo 3a paBora Ha Bcsro
8AHD OT NPOVIB0ACTEATE, BRNOHEHM B KBMNEHWMATE CNpAMe Jagero Galoso npows-
BOACTED. HpWTEpwAT 338 ONTWMANHOCT HE NPOWSBOACTEEHOTO PAINMACAHWE € HaR-
AnBpo  HaToRApEaHE Ha  MabpaHa  CMCTEME 3@ pecypoonoTpetnedae  (en
JaMpaMsaHe, JAXPIHBAHE C NEPE, M T.H.) NpH 320a00HW OFPAHWYEHNA M0 OTHOWSHWE
HE OCTAHAMNWTE CWCTEMM M NMpW rEBPSHTHDEHE W3MBAHEHWETD HE NPOW3BOOCTEEHETE
Nporpama.

Toanw nporpamed nakeT ce Oa3vpa Ha OPWrMHANSH ABTORCKA MeToa a8
HAMWPAHE HA ONTWMAMNHW DAINKCAHKMA NPW padoTa 8 NEPOWIBOACTAESHA KAMNAHWA,
ceExAaw, NpolinemMa 0 PEILSRAHE HA JAAAHE HA CMECEHOTD HENWHERHO Nporpami-
pake. 33 ONWCaKWe Ha KPMBUTE HE pecypronoTpelneHue LB BPEMETD C8 Wanunaes
Typue TRaHChopMaUwaTa,

WHrepdeictsT & paapaboTed Taka, Y& necHo ga GbOe WanonasaH oT HETOBWUTE
NOTEHLMANHA KpaRRK NoTReSUTENH — CNeuUaNnMCTITE No YNDEBNeHWE Ha NPOUIB0I-
CTEa 07T Toan TN, MakeTeT pabom nog ynpasnasweTo Ha Windows2D00 w Windows
XF, & 3a verosarta paspaboTtra & wananayeaH eavmieT MATLAB,

PeayntataTe oOT pEWeHWETO HA 33084aTd CE MPEeACTEERT B NOO4XO4AWM
rpatmuaHin U TA0NUEHY hopMi. 38 aHaNK3 W BIEMAHE HA pelUeHWe OT CNeUWManneTa
NG NMNSHADEHE | YNPRABNEHWE, Haped € NOMYYEHOTS ONTWMANHO pelleHWE, ce
NPEACTARAT W HAR-NOWOTO W HAR-BBPORTHOTO, KOFATO HE C& WAN0M3Iaa YNPaBNeHWE
H2 painucasueT. BakHa YacT & BLaMOXHOCTTA 38 WANOM3Base Ha nakeTta 2
CAMYMNMPEHE ¥ AHANW3 Ha PasnWyHA NpOWIBOACTEEHM PAINACAHWA, JagapeHd oT
NOTESGUTENS W TANHETE CPEEHWTENHE OUSHES MO OTHOWEHME H3 ONTHMENHDTD
PELUaHHE.

PaboTtocnocofHOCTTa Ha COITYERE B NPOBSDEHa B PEOMUE TECTOBM NDWMEDH,
KOWTO ce JoBNUeEBET 40 peanHaTa NpoKIBOACTEEHE NpaKTWiE.




HAYYHW TPYOOBE HA PYCEHCKWA YHWBEPCWTET - 2010, Tom 49, cepua 9.1

PaunoHanHo 1 eq:)EKTHBHO ninonsyBaHe Ha eHeEPrua nNpu
nponssoacTBeHM NnpouecH B XMMW4YeCKaTa, 6uoxmmuyeckata u
XpaHUTEeNHO-BKyCcOoBaTa NPOMMULUNEHOCT
|. AHanus Ha e B3MOXHOCMUMe 3a OupeKmHa monnuHHa UHmeezpayusa

B. VeaHos, . OoBpyxanues, A. AHrenos, 1. Hukonoea

Abstract: The problem of heat integration of bafch reactors is considered. Heat integration
opportunities in a hot-cold reactor system are discussed. A method of analysis is proposed, which combines
heat infegration and correction by external heating and/or cooling agents.

Key words: Batch reactors, Heat integration, Method of analysis.

HAYYHW TPYOQOBE HA PYCEHCKWA YHWBEPCWTET - 2010, Tom 49, cepus 9.1

PaunoHanHo v epeKTUBHO U3MOJNI3yBaHe Ha EHEPIUA Npu
NPOU3BOACTBEHM NPoOLECH B XMMUYECKaTa, Buoxumm4eckara u
XpaHUTeNHOo-BKycoBaTa NpoOMULLIIEHOCT
Il. Cxemu n Mmemod@ 3a cuHmes npu upekmHa MONIUHHa UHMez2payus

B. MeaHos, [. Oobpyxanues, A. AHrenos

Abstract: The problem of heating and cooling of batch reactors is considered. Heat integration
opportunities in a hotcold reactor system are discussed. A method is proposed, which combines
simultaneously heat recuperation and temperature correction by external heating and/or cooling agents. A
method of parametric synthesis of such heat infegration systems is proposed by formulating the problem in
terms of non-linear programming.

Key words: Batch reactors, Heat integration, Non-linear programming.




