3 Central European Conference in Regional Scien€ERS, 2009 — 298 —

Objective function analysis of biomass processing plants location

AKOS GUBAN
Budapest Business School, College of Finance anduktancy, Institute of Economics IT
H-1149 Budapest, Buzogany ut 10-12
guban.akos@pszfk.bgf.hu
ISTVAN KEREPESZKI
OKO-LAND Association for Renewable Energy Sources
keris@chello.hu
H-3200 Gyongyos, Matrai ut 36

Abstract

Production of energy carriers by using biomass, agithem the biofuels, has come recently into higtli
mainly based upon the consequences of surveyfotieaasting limited availability of fossil energguwsces and,
on the other hand, as a result of efforts aimingexdreasing environmental load causing climate gjgan
Despite of its apparent simplicity, the decisiorking on involving biomass into the distributed ayer
generation process or any other energy systemaigtit open up new vistas requires great numbéacibrs
to be considered for the sake of economic featyibltiis easy to understand that among these fadte
investment costs, as well as the market pricesssilfenergy carriers and electricity, the expensies
distribution and sale, etc. are of focal importanttés, however, difficult to understand the reasehy get
logistics aspects still almost negligible weightag the main decision factors. The aim of the airstudy is
to draw the attention to the importance of the ¢opfihe methodology proposed might help decisiorensak
profound analysis of biomass as a feedstock sugysiem and in appraisal of efficiency and effeotdss of the
entire supply chain. The model can be suitable mtlletermination of location sites of processargl service

plants based on logistics aspects and for plantirggbiomass supply system.
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1 Introduction

For today, the wording has become generally knoegoming to which the biomass is the
“total amount of organic material and living beimga given habitat” [5], however, only a
certain proportion that of can be used for enemgyegation. According to the current level of
technology mainly but not exclusively feedstockvefietable origin (so callgohyto-mass-
and this is what we focus on in what follows) canused for practical energy purposes. In
relation with this feedstock besides the type aadety, the yield, the convertible energy
content, etc. also the spatial availability of bass is an additional limiting factor from the
point of view of reasonable and profitable energeifiilization. Satisfying energetic needs
according to expectations is possible only on tagsebof uniformity in time that requires a
continuous feedstock supply of processing plantshich the efficient logistics contribution
is of basic requirement (Fig. 1).

Analyses show that the biomass base is definihgiderable in Hungary and, this potential
could be further increased by targeted cultivabbplants aiming at energy source production
as a consequence of which also certain agriculpn@duction problems could be positively
affected.
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Biomass Source Processing Plant

Fig. 1 Theoretical system of energetic utilization of biomass

In general, technological, environmental and abdity characteristics of practical utilization
of renewable energy sources inhere also limitatitmesir efficient utilization can not always
be targeted. Biomass, however, constitutes thesatgase among the renewable sources that,
for the most part, could also be increased. Paraith the increase of demand for the energy
(direct heat, or solid, liquid and gaseous fuedspectively) generated from such sources, the
development of supply chains supporting the rettinaalong with all their elements and full
infrastructure should also be targeted with theesaate at least. Based upon logistics view of
the process, under supply chain the macro systeatiltfation could be understood which
includes each of stakeholders from the place d@imnup to the place of actual utilization.
Today, it is not enough to take into consideratidrat economic advantages are offered by a
bio-diesel or a biogas plant, but “the interconadcsubsystems of supply and service
processes need to be comprehensively integratestibytific aspects” [6] in the complete
system production. For this purpose, the apprapsat of means is offered by logistics which
Is, among others, able to apply the methods ofatjoer research also in this field by using the
hardware based on the development results of neie@tronics.

Besides a number of other factors the cost efficgeipply logistics is a prerequisite of the
competitive biomass based energy production. Ittrhashowever, taken into consideration,
that the increasing demand for utilization of bi@mancreases also the complexity of the
supply system. Today, there are such comprehepdarming methods needed that, besides
the traditional cost aspects, take also other fagtdo account, such as geographical location
of production plots and how are these plots acbksgjapplication of harvesting and
collection machinery, vehicles, routes, etc.) adl we leave not out of consideration the
competition among the users different methods fdization of available biomass. Under
such circumstances the location of pretreatmentpaadessing plants is of basic importance
in given cases. On the base of this approach itbeaseen a great number of problems are
raised by the location of a processing plant (Ckingrwill be used in what follows) for
production of bio-fuels or energy carriers the solu of which requires already the
application of higher mathematical methods. It Isviously advantageous to locate the
processing plant as close to the places of progidamv material or feedstock (marked with S
in what follows) as possible. These points meannimaagricultural production sites and
forestry from which places the feedstock is madalable as by-products or main crops if the
production is targeted for providing energy plaftisthe processing centre or could also be
places of plants where there are agricultural pctedprocessed and, as a result, the produced
by-products can be well utilized for energetic msgs. The location of such plants is fixed in



3 Central European Conference in Regional Scien€ERS, 2009 - 300 -

most cases. It is also obviously advantageousaifitpl for utilization or deposition of by-
products of energy generation (marked with R intwbbows) as well as those points of use
or consumption (final destination of energy markedU points) which constitute the direct
link with the customer or consumer in the supplrioh Consequently, the site of location
receives an important role. As, from the point @w of location, the material flow takes
place between and among these points the defindfothe centre will obviously be the
function of costs, distance and time of the flowisTis illustrated in Fig. 2.

The problem of the task is that the individuaValues are differently calculated. As these
values integrate all those factors that serve gctibe functions regarding the location there
could be other factors regarding the inbound trartafion, the outbound transportation to the
users or to the reutilization, respectively. Moregun the first examination of these cases we
are not able to define even the effect of individiaators on the objective function. In the
following part of the study we try to find a solori for this problem.

Fig. 2 The structure of the system

Processing in a centre

The simplest however not the best solution is ifsgeup a central processing plant for the
storage and processing of the feedstock. The reabgrthis solution is considered to be not
the most appropriate is that the expenses mayfisigmily increase because of long distance
transportation.

L ocation of more processing plants

In this case the processing plants are locatedndrdeedstock centers and, regarding the
number and actual place of which the hierarchitedtering methods provide solution. As the
most important notion of clustering is the distativere is a need for formation an efficient
distance notion which serves also as an objedtinetion at the same time.

3 Definition of the problem

As the first step in definition of the problem thatjective function needs to be found for
which the optimization of clustering will be accolisped and also the simulations of the later
system, that provide the framework of actual opematwill be based upon that. In what



3 Central European Conference in Regional Scien€ERS, 2009 - 301 -

follows, the objective function will be consideraddistance functionalthough this will not
be a real distance describing function.

Fig. 3

General characteristics of the distance function

A very complicated problem in our task is the fotioa of an applicable distance notion. As
this character will control the solution of thekageat number of factors needs to be taken
into consideration. It is obvious, that the virtulidtance depends not only on the physical
distance, but also on time and cost factors asagetin other influencing factors like the type
of vehicle, road quality, etc.

Let us consider the simplest case in which the iphlslistance to the preliminary defined
center is influenced by the specific cost of tramsgdion (it is surely depending on the
transported volume), the transportation time amrdphysical distance (including possibly the
road quality, etc.) itself. Besides, take in alse guality parameter which means the aggregate
of scaled value of other characters. For the &iggiroach, the following function seems to be
simple:

3(x P P,) = Axe(%, P Py ) + A,t(x, Bs P, ) + A,d (%, P By ) + g%, Py Py), @)
where:

c(x; P; Pz): is the specific transportation cost between®hid>, points in case of volume;
t(x,P; P,): is the transportation time function in casex@blume;
q(x,Pl; Pz): is a quantitative quality function ,lower value ¢ase of better quality” (non-

dimensional);
d(x,P; P,): is the transportation route function in case wblume;

A, 1 is the cost involvement factor (with the dimemsad 1/monetary unit)
A, is the time involvement factor (with the dimemnsiaf 1/time unit)
A, is the distance involvement factor (with the dinsien of 1/distance unit)
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The function (1) is appropriate in that sense ftihat increasing as the cost, time and
transportation distance as well as the quality tions are increasing. Moreover, it would be
very good from the point of view of problem solviag its components could be individually
analyzed making the sensitivity analysis simpldrerg are though problems that can not be
left out from considerations. It is obvious thae tharameters are dependent even on each
other. It may happen that the decrease of traremmttime would considerably increase the
transportation costs and vice versa. Apparently tthnsportation time depends on the length
of the route; however, it is not true in each cdset. us consider the following simple
example.

Between points A and B the shortest path is theroad, but it takes longer travel in time
than that on the hardly longer highway, however tise of highway is more expensive
(because of the toll). For this reason the functam not be used in general. (At such
“distance function” does not prevails the trianiglequality. Prevails however the

Fig. 4 Problem with the traditional distance function

d(A,A=0,
d(A,B) >0,
but unfortunately  d(A,B) #d(B,A),

or not sure, at least.)

In case of6(x; P, PZ) we lay following claims against the function:

1) Let the function be of non-negative.

2) Let the function be of monotonically increasimgh the time and cost variables, moreover,
partially differentiable.

3) It is recurrently continuous function accordiogzolume.

4) The parameter is monotonically increasing byvbleme, i.e. ifx, < x,then
tx, P Py)<t(x,, P; Py).
This latter constraint raises that the time funtsanificantly depends on the
transportation quality. This is obvious, as in caSkrger quantities road transportation
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may be substituted by air transport, for instago@sequently the time can be reduced. The
4) improved:
4a) X, <X, thent(x, P; P,,q)<t(x;, B; P, ).
5) With the following conditions the time componé&nstrictly monotonic with the distance:
a) the volume is constanx;,

b) transportation quality is constary,
¢) d(P;P,)<d(P;P,)
then
t(x, 0, d(R; P,)) <tlx;, 6o, (B B,)
6) At constant distance and transportation quétiéycost component is of recurrently linear
with the volume.
7) The cost function component depends on therdistan case only if the volume and
transportation quality; in this case it is monotadlly increasing with the distance.
8) The costs may decrease with the improvemerteofransportation quality or increase, but
it significantly impact on the cost component.
9) In general case there is no relation betweerdseand the time component.

In general let us consider the following form oé tthstance function:
(% P,; P,) = Ax(x, d(P;; P,: ) a(P; P, ) + (L= A)(x, d (R P, ) (R P, ), @)
where &A<1

The above distance function unambiguously revelds #hat there could be only three
optimization goals for the solution.

1) Optimization for the cost: 0,%51 <1;
2) Optimization for the time-cost: 0,23<0,75;
3) Optimization for the times A <0,25

Special distance functions

The following cases give exacter distance functionselation with special locations. The
classification is made hierarchically mainly bee@ogsolution methods.

Time optimized service

As first, let us consider the case in which thexen® cost constraint and a certain given
volume has to be transported. In this case therlst function consists only of the time
component:

3(xP;P,)=t(x,d(R:R,)q(R:P,)). 3)

The function (3) derives from the above generabret It is recurrently linearly increasing
from the volume. Let us examine its relation wiile tistance:



3 Central European Conference in Regional Scien€ERS, 2009 - 304 -

Let the transportation be betwe&y — P, points. Let further be all possible route selattio
nodesP,P,,---,P,_,. The possible paths among these nodes are givéreldy hyper-matrix.

This matrix is obviously a rare one as between nraydes there is no actual link and, in our
case, it could only be exceptional if we take atke return path into consideration.

Apparently, the matrix elements may have not omlg value in order to form an appropriate
structure and, of course, its elements need to dmtoks. The matrix will be of three-

dimensional in which the first dimension are formey the possible starting points, the
second is constituted by the destinations, whike ttiird dimension is characterized by the
quality road selection. The form of the graph isam-roundtrip weighted graph with more

edges between tow vertices although this graphatsmyhave the form in which there is only
one edge leading from each vertex to the other. rés&gucturing can be accomplished as
depicted in the Fig. 5.

(d121:9121)

(d122;q122)

(d123:4123)

Fig. 5: Rationalization of the directed graph

Let us structure the following hyper-matrix the rents of which are three-dimension
vectors:

D, [(t;d: )], 4)
Where

i: is the starting vertex;
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j: is the destination node;
k: selected possibility;

t: duration for thek possibility betweer, P, ;

d: distance for th& possibility betweerR, P, ;

g: quality for thek possibility betweerP,, P ;

irh]

A S SR A e -

3

v, =i

Fig. 6: The hyper-matrix

Task: let us find the shortest path in time betwBgn- P, in a manner that no each node has

to be touched! If there would not be more possibgi between certain two points the task
could easily be solved by the traditional PERT dPMC methods. As there are more
possibilities available, the multiple routes aregsidered as if leading between independent
nodes and “between its own” we consider infinitadifor the sake of traditional solution. It is
even more interesting if there is a change accaingdl along also tHeaxis (that is, there is a
quality transportation executed). This would mela@ thange of vehicle and also the road
quality changes. In this case there might appe@mna factor, as well, in the course of the
change. This is included in another matrix.

Vik [(t; d; Q)] . (5)

In this case also these values need to be adddwetéull time, and need to be taken into
account in the course of optimization, respectively

3.4 Cost limited time optimized service

In this case, even further on, the goal of optirtnazais the time of accomplishment, however,
there will be a cost constraint taken into accokot. the reason the elements of the alidve

matrix are of four-dimensional vectors. The fowttmension will be the specific cost, that is,
a cost unit calculated for one unit of volume anal tof route. In the course of searching for
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the route attention should be paid to the fact #dahg the search for optimal time the
predetermined cost constraint must not be exceeded.

It may occur that there is no solution for the taskl in such cases the cost constraint needs to
be modified or the transportation between two @epaint needs to be rejected.
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Time optimized service

This case is not significantly different from theepious survey. There is no time limit, and
transportation of one concrete quantity has to cemplished. In this case the distance
function consists of distance component:

3(x P P,) = xc(x,d(Py; Py a(Py; ). (6)

We repeatedly create our hyper-matrix with theedéhce that the first component of the
element vector will be the specific cost. The doluis fully similar.

Timelimited cost optimized service
The solution will be the same as in the case lidnitme function.

Distance function service

It follows from the foregoing that the analysistbé general case is no longer difficult. We
repeatedly create our matrix with four-dimensiomattors in which the two components are
simultaneously and at the same manner present,Iyp#meegtime and the cost. In the course of
searching for route first the cost and time valaes summarized then the distance function
values will be created to the found route with jpnetary fixedA factor. Following this, that
route will be selected from those being possiblewhich this value will be the least. Here,
the method differs from that of before. The reasdnthis deviation is that the partial
minimums will not surely give the final minimum. &mtunately, in this case the final
minimum can only be found if we survey each possitdse. In case of many vertices this
could be a very large and long lasting task.

4 Creation of the general objective function, optimizing goals

With the application of the method outlined abdwveré could be concrete values calculated to
the distance function at given distances and geslity typical patterns selected from a given
region, the country or a larger area. When seletttege should possibly connect to location
nodes. The above theoretical approaches demondwoat¢the practice that the general
objective function is determined by the distanceeted, the transportation time, the quality
of the road and transportation, the transportedmel as well as the specific transportation
cost. In order to obtain a tool for practical défon of the location objective function the
relation between the above parameters and thedostishould be found. For this purpose the
best solution is offered by the artificial neuratworks. The connection function will be
denoted byF in what follows. As soon as we have connectedirtpat parameters with the
output parameter, we are able to generate such”“eakies on the base of known inputs
which can be assigned to the given transportatiah aill produce the nearly exact value.
This relation, considering that it is function,akeady suitable for optimization. The goal in
each case is the determination of the least cdgésan relation with the given transportation
case. Of course, this is not so simple as certaistecaints need to be taken into consideration.
Among these the maximum transportation time, tipe ©yf vehicle, as well as the connecting
parameters like the specific transportation time #re quality of the transportation. For this
reason, in special cases the task could be simgliby preliminary fixing of certain
parameters.
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The type of transportation vehicle and the specific transportation cost alter between
narrow limits

For the sake of flexibility, in this case the omlgnstraint is that the specific transportation
cost alters between fixed narrow limits dependimgtioe type of the vehicle. The known

specific transportation cost depends closely hygexrdly from the transported volume, that
is:

(7)
C,

where
C, : is the base cost related to a transportation ieshic

c . specific relative transportation cost related fw@duct unit;
g: transported volume;

Q : capacity of the transportation vehicle.

The characteristic curve of the function is demlateFig. 7.

specific cost

T
volume

Fig. 7 The specific transportation cost as a function of the volume

Enveloping curve from above:

C C C
ch :(—O+C]+—0:B+—O, 3
@)=|g : : ®)

where B is a constant depending only on the vehicle

In the Fig. 7 there is another curve, as well, Mgmee are searching for the hyperbolic
function which best adjusts to the original funatisvhereq is considerably larger thap.
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In the course of approximation we survey the déffeie between the area of the two functions
and are looking for the parametefor which the result is zero or close to that.

co(mtmﬂ]
i e G e
+c-|—+c+—|;dg=

q

1 o[l g

Umin

9)

= a_*o
q q Q

Umin

Let us decompose the minimum and maximum trangpamtanterval for equidistant part
intervals according to th@ volume.

Omin = 905015 A = Omax

Omax qmaxco(int(qj +1J

T= —.[{E' +&}dq+ .[—Q
q

qa Q
Amin Gmin (10)

C:0 qmax 0 .[
T \Omax ~ qmm —aln—"=+ dq + é dx.
Q ( Armin .[

Amin

dg=

Completing the (10) integration operation:

C q
T =-—= max _ “min _alnﬂ-'-
Q (q q ) C]min (11)

+C,Inq, -C,Inq,,, +2C,Inqg, —2C,Inqg, —---nC,Inqg, - nC,Inq,_,.

then simplified further:
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T= _&(qmax - qmin)_ alnh + CO(HIHC{n - InQmin =In O =~ Inqn—l) =
Q qmin
_&(qmax_qmin)_alnh"-co(ln % J [In qnj C{In 9y J =
Q C]min C]min ql qn_l
n-1
So q q q
= = qmax_qmin)_alnﬂ-i-C In—+C Zln .
Q qmin ° qmin ° = q1
C n-1
— 0 qmax qmax n_ (12)
= ——Opax ~ i ) —BIN—2+C IN—=+C Zm___
Q ( ) qmin ° qmin ° — I
CO q q nn—l
— )-aln—"2+C, In"+C,In+——+ =
Q (qmax qmln) qmin 0 qmin 0 (n —l)l
_ q n" C, Oa
C [ —max +C no——-—2 - _ aln—max
Qrmin (n 1) Q (qmax qmm) qmm

n-1

— qmax C0
- C In +C In 7~ \Umax ~ Ymin
(€0 =ain g+ Coln gy =g )

The zero of function T obtained as a result ofaheve procedure needs to be found which no
longer so complicated task is; the resolution carrdached by numeric methods. With the

obtained parameterthe
C a
T.(a)=| = +0j+—
@) (Q

q
hyperbolic function will be the approximating furmt which can be well applied for
resolutions in case af >> Q condition.

In the current special case two constants may akéween preset value limits. Practical
experiences show that we do not make severe midtake characterize the two parameters
with the same interpolating parameter (this woukhmthat the transportation vehicles do not

greatly differ from each other).

c= Cmin + x(cmax - Cmin)’
illetve
C:0 = Cmin + )\(Cmax - Cmin)

(13)
where
AO[o].
Accordingly the (7)
[len Cmax - Cmin) Im{qj +1+ q[cmin + X(Cmax - Cmin)]
Q (14)

q
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The transportation cost is formed according tovitteicle and the volume:

C"(3)=[Co +A(C - cmm){im(gj +1j I S (S,

(15)
= qc' (q;3)
The total transportation cost:
C'(q)= C{int(ﬂJ + 1} +qc,
Q
respectively with the approximating function (16)

C
C'(q)=| =2 .
"(a) (Q+<:jq+a

koltség

=
=

mennyiség

Fig. 8 Transportation cost plotted against the volume

Transportation time depends linearly on the distance and recurrently linearly on the
volume

The transportation time depends mainly on the degathe type of vehicle, the quality of
transportation and the volume.

Let

q,: the transported volume,
g : the quality of transportation (fixed),
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C"(q,): cost dependent on the vehicle (fixed).

For the calculation of the transportation timeustexamine the volume and vehicle capacity

ratio first:
_ U
n=—. 17
Q, (17)

n,should denote the number of vehicles being simetiasly available. In this case the
number of simultaneous transportations:

_{n+no—1}
m=|——2—1|. (18)

n0
Let us consider the loading time linear with thenber of vehicles:
T(n) =T, +nt. (19)

Where T,,is a time factor dependent on the type (capacity) ef the vehicle, and, is a
constant dependent on overlapping. The same retatas unloading, that is:

Tu (n) = TuO + ntu ) (20)
The transportation time in the function of the aliste:
T,(d.g,) =dT, +nt,. (21)

In the above equatiof, is the specific transportation time related to tiné length of path
andt,is a slip because of overlapping.
The time for the return route:

T,(d,q,)=dT, +nt,. (22)

Following this, we can already define the transgtavh time for the totab,volume for the
case of continuous transportation:

Tl = dfn, T elr TRl )+ (G s ). e

0
In the case the time depends not only on the lengtbath but also on the transportation

quality then let us considers the transportaticaligumatrix Q = [qij] i =1,---,I related to the
possible transportation routes and vehicles instfathe d parameter. (Remark: there is
smaller value belonging to higher quality.) In tmsatrix d.is the length ofi-th path.

Moreover, let us assume that the transportatiomrparer of higher value means a faster
transportation. The quality value is scalar withdumension. In such case the transportation
byi type vehicle on atype road:
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)=, T v (T emn b o)+ ).

0i

Consideration of time constraint

In case the transportation time has an upper lintian be modified by appropriate selection
of the transportation vehicle and route. It is olong, that in this solution the cost should be
kept at the lowest value.

A truckload volume

In this simplified case we assume that there ideast one vehicle with a capacity of
transporting the total volume.

Let the vehicles meet the following requirements:

The specific relative transportation cost is a iratelated to the given routeC=[cij]

i=1---,1; j=1:--- k, wherei denotes the possible types of vehicles jaite possible routes.

In the case of a path on which the transportasamot possible with the given type of vehicle,
the matrix bears theo symbol. The different possible transportation atise vector:

d =[dj] , ] =1,-- k. Moreover, let us consider that the transportagjoality for the possible
routes and vehicles is described by Qe [qij] i =1.--,I matrix. (Remark: there is smaller

value belonging to higher quality.) Let us assumnat the transportation of better quality
means a faster transportation. However the relatitinthe cost is already not so simple. This

is the reason why we will apply @° = [ci?] supplementary specific cost factor between the

vehicle and the route instead of the quality ma#ix a result the transportation cost (without
loading and unloading) depending on type of vehacld the length of path:

@4 =0 (Cij + Ci? i +Coi : (2‘;)

In case we consider also the expenses of loadidgaloading depending on the volume:

(25

€ = qO[(Cij +Ci?)dj +¢ +o,| +C, . )

The ¢, ;c,, denote specific loading and unloading costs.

As according to the assumption of simplificatiorwhich the total volume can be transported
by one vehicle the (24) will appear in the follogiiform:

T; (qo) =TIOij +Tu0ij + djqij (Tn +Tui)' (2;3

Let T denote the time constraint:

T; (qo):TIOij + T +d,g; (Tti +Tui)STC’ (27
¢, — min! )
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4.3.2 Volume for multiple truckloads in case of bgemous fleet

In this case we assume that the transportatioleatcomplished by more vehicles, however
the fleet is homogenous.

The transportation time is described by the (24 Tost forms as shown below:

e (@)=all ek + +] +meie et

The model will appear in the following form:

Tij (qO) (m +1)(To'l Uo'l +d, qlJ (Ttl +Tui ))+ MmNy (tli + tui + tti )+ {nl}(tli +tui + tti ) <T® (29
0i

)
¢ (d) — mint!

Volume for multiple truckloadsin case of inhomogeneous fleet

This is the most complicated case as there mustdre factors taken into consideration. First
of all, those possible transportations need todbected in which the applicable vehicle types
may be different. From among these possibilitieséhmust be selected which meet the time
constraint assumption. Finally, from among the oléses remained that case must be

selected which is of the least cost. As it can é@ensalso from the previous cases, this is a
rather complicated task as the transportation®aeelapping continuous ones as opposed to
those of integrated. For this reason there mayra@een queuing at loading and unloading.

First step The possible transportations

Let us assume that the volume has not changedyj.eMoreover, the number of possible
vehicles isK. The capacity of vehicles is described by Qe [Qi]vector, wherel =1,--- K.
In this case each of transportations is appropfaatevhich

K

qoszniQi Qo tmaxQ,; i =1---;K (3())
i=1

Here, the maximum assumptions seems to be toogstimrt taking the case into account
when each vehicle of smaller capacity in on the,wagybe it is more beneficial to set on the
way one free vehicle of larger capacity than tot@i the one of smaller capacity being on
the way. Further on, let us assume

N, - Ng

s=| ¢ t|n, ON. (3§
M Mk

where K denotes the number of all possible transportatases that meet the requirement of
(30).
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Second steplransportations that meet the requirements o tonstraint

In this step we exclude the possibilities from abd¢ set which do not meet the time
constraint. Here, we use the results of the previdiB.2 section. Let us consider the
S, :[nrl;---;an] vector (r D{L‘---; IZ}) We further simplify the conditions in a manneatth
also the truck transporting not a full load will bensidered as ones with full load. (In case of
transportation of large quantities it does not eaasy problem, because the related excess
time and cost is negligible as compared to thel.tdtacase of transportation of smaller
quantities the task can be easily solved manuadlged on practical experiences.)

Following this, the (24) transportation time wik lpplied for the different types of vehicles:

Trij (nri Q ) =N, (Tloij +Tu0ij + djqij (Tn +T, ))"’ n;Q (tn +, L ) (3§

Assumed that the vehicles do not obstruct eachrathéhe course of transportation the
transportation times can be optimized for each alehiOtherwise, a slowing factor that is
dependent on the volume has to be installed.)

Let
Trimin = rnjin{Trij (qu )} ) (3:)3

as well as in relation with the cost:

(34

@rij (nri Q ) =n;Q [(C.j + Cuq )dj +C + Ciu] N, Cioi . )

Let us select all possible varieties of transpamtatnd if the (35) is performed then this
transportation performs the time constraint:

maxT,™ <T°. (3?

In case the transportation does not meet time rnstthen this one is excluded from the
following examinations. If the time constraint Hasen met each of transportations related to
individual vehicles could be deemed as appropf@atavhich

T (ni Q ) <T". (3;3

Let us compose all possible variation of these.thetnumber of these b, and r,,one of
these variations. In this case the transportatost for this variation:

K

C, = Z@rij (nri Q ) (3;

i=1

The minimum of these values will be the optimumtadghe given variation.
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C, =minC,_ . (38
M m )
Third step Transportations that meet the requirements af amsstraint

Finally, from among the possible transportations seéct those for which the cost is the
least:

C =minC,. (35)9
Apparently, the above cases seem to be ideal niauegt however there could be queuing at

loading and unloading in case of overlapping arsdmentioned, the vehicles may obstruct
each other in case of transportation of large gtiesit These cases can easily be derived from
the above equations if further adjusting time aost parameters are considered.

5 Conclusion

The possible agricultural supply centers need tddomd in a manner that the feedstock
density should be largest in their vicinity. Inghgaper we examined the distance function that
can be applied for locations. The analysis of tistadce was accomplished in general. We
examined how is it possible to calculate the costlevwe take also the quality of
transportation and the time factor into account.
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