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HOW TO DELIVER FREE COAL TO THE POOR FAMILIES?
TURKEY CASE!

Dr. Ergiil HALISCELIK*

ABSTRACT

Turkish government delivers free coal to poor families via General Directorate of Coal Industry
(GDCI) as a part of social and economic policy. Although project has many components, generally the
coal is taken from several mines within country, after basic industrial process, the coal is sent to main
delivery nodes from mines nodes by highways, seaways or railroads. Finally, the poor families come to

main nodes and carry the coal to their houses to use during the winter.

The cost of delivering free coal is reimbursed by Turkish Treasury to GDCI as duty loss under
some government regulations. In this study, after giving general information about the problem and
describing situation in Turkey, it will be developed transportation and transshipment models by taking
into consideration some assumptions. The problem will be solved with alternative methods by giving
useful and applicable recommendations for GDCI to reduce cost of this public policy and to enable

them to help as many as poor families to have free coal in timely fashion.

Key Words: Optimization, Operations Research, Management Science, Turkey, Free Coal, Poor

Families, Transportation Models, Transshipment Models

JEL Classification: C44, C54, C61, G18, H44

YOKSUL AILELERE UCRETSIZ KOMUR NASIL DAGITILIR?
TURKIYE ORNEGI

0z
Tiirk hiikiimeti, sosyal ve ekonomik politikalarin bir parcas: olarak Tiirkiye Komiir Isletmeleri
Genel Miidiirliigii (GDCI) vasitasiyla yoksul ailelere iicretsiz komiir saglamaktadir. Projenin bir¢ok

bileseni olmasina ragmen, genel olarak komiir iilkedeki birka¢ madenden alinmakta; temel sanayi

1 The first draft of this paper is presented ICOAEF 2017 conferance on 06-07 December 2017

2 Senior Treasury Controller at Republic of Turkey Prime Ministry Undersecretariat of Treasury, Vice Chairman of Miilkiye
Economic and Research Center. Part-Time Lecturer at Baskent & TED Universities.

* The views represented in this paper are those of the author and do not necessarily reflect the positions or policies of the
Republic of Turkey Undersecretariat of Treasury, Ankara, Turkey, ergul.haliscelik@hazine.gov.tr
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islemlerinden sonra da karayolu, deniz ya da demiryollart ile ana dagitim noktalarina
gonderilmektedir. Projenin son asamasinda ise, yoksul aileler ana dagitim noktalarina gelerek

kémiirlerini almakta ve kis boyunca kullanmak icin evlerine tasimaktadir.

Ucretsiz  komiir dagitma projesinin  maliyeti, yapilan diizenlemeler uyarinca, Hazine
Miistesariigi tarafindan GDClI'ye gérev zarari olarak geri 6denmektedir. Bu ¢calismada, proje hakkinda
genel bilgi verildikten ve Tiirkiye’ deki mevcut durum ortaya konduktan sonra, baz: varsayimlaria,
ulastirma ve aktarma modelleri gelistirilecektir. Problem alternatif yontemlerle ¢oziilerek, proje
cervesinde uygulanacak kamu politikasinin maliyetini diisiirmek ve miimkiin oldugu kadar ¢ok sayida
yoksul ailenin projeden faydalanarak zamaninda iicretsiz komiir ihtiyaglarin gidermelerini saglamak

icin GDCI’na faydali ve uygulanabilir oneriler sunulacaktir.

Anahtar Kelimeler: Optimizasyon, Yoneylem Arastirmasi, Yonetim Bilimi, Tiirkiye, Ucretsiz Komiir,
Yoksul Aileler, Ulastirma Modelleri, Aktarma Modelleri

Jel Stniflandirmasi: C44, C54, C61, G18, H44

1. INTRODUCTION

Turkish government delivers free coal to poor families via General Directorate of Coal Industry
(GDCI) as a part of social and economic policy. Although project has many components, generally the
coal is taken from several mines within country, after basic industrial process, the coal is sent to main
delivery nodes from mines nodes by highways, seaways or railroads. Finally, the poor families come to

main nodes and carry the coal to their houses to use during the winter.

The cost of delivering free coal is reimbursed by Turkish Treasury to GDCI as duty loss under some
government regulations. The strategic objective of the project, by providing free coal, is to help poor
families to sustain harsh and cold winters. The fundamental objectives are to close the gap of life quality
between poor and rich people and to reduce child sickness because of cold weather. The means
objectives are to reduce imported oil consumption for heating houses and to stimulate transportation

industry.

The 3E’s (Economy, Efficiency and Effectiveness) objectives are to decrease the cost of delivering
coal via shortest path, to produce coal in timely fashion and using best way of transportation method.
Those objectives are main areas to use Operations Research and Management Science tools concerned

with scientifically deciding to design and operate systems optimally by using of mathematical models
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to investigate complex problems under conditions requiring the best allocation of scarce resources
(Winston and Venkataraman, 2003:1-10; Taha, 2003; Ragsdale, 2004; Johnson, 2006).

According to project of “Delivering Free Coal to Poor Families”, the coal is taken from several
mines within Turkey. Those mine nodes have certain amount of production capacity and they also have
previously engaged supply commitment (GDCI, 2006). Therefore they will use only some part of their
production capacity for this project. For example; despite the fact that the Manisa node has total capacity
of 15.000 tons/year, it has 9.000 ton/year of previously engaged production capacity. Therefore Manisa
mine node has just 6.000 ton/year maximum capacity devoted to this project. This operations restriction

is illustrated by Figure 1.

At the very beginning of the project GDCI determines the total coal supply coming from several
mines. The second stage of the project is to determine the total demand of coal. The demand is
determined by the Turkish Treasury with consulting the Social Solidarity Fund (SSF), Ministry of
Environmental Affairs (MOEA), Ministry of Finance (MOF), Ministry of Development, State
Meteorology Institute (SMI), Ministry of Transportation (MOT), Ministry of Energy and Natural
Resources (MOER), Local Municipalities (LM) and other responsible governmental agencies.

The relevant Department of the Turkish Treasury gets following information necessary to
determine the needs of each demand nodes (Republic of Turkey Ministry of Transportation, 2006;

Republic of Turkey Ministry of Energy and Natural Resources, 2006):

The number of poor families from SSF and STO,

Income level of those families from MOF and LMs,

Pollution rate of local area MOEA,

Weather conditions of demand node SMI,

Transportation facility options from MOT,

Available/alternative natural resources in demand node from MOER,

In our model, to give an insight about determining the demand in cities, we used the weather
conditions, pollution rates, number of people in cities and their indexes with respect to total level these
variables. After collecting these data by Turkish Treasury, it assigns the GDCI to deliver the free coal

to the families in need in across the Turkey as the cost of delivery is reimbursed by the Turkish Treasury.

2. METHOD, MODELS AND ASSUMPTIONS
2.1) Transportation Methods

The all transportation methods, except airway, are generally used by the GDCI to delivery. GDCI
is given the distances between all the supply nodes and demand nodes. The distances can be railroad
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(km), seaway (mile) and highway (km) by the MOT. Based on past experiences, GDCI also have the

information about delivery ton/km cost of coal. The delivery cost structure is given at the Table 1:

Table 1: The Delivery Cost Structure

Type of Transportation Unit Cost (ton/km or mile)
Highway $1.00
Railroad $0.10
Seaway $0.15

Source: Republic of Turkey Ministry of Transportation & GDCI

As seen from the Table 1 above, the unit cost for delivery with railroad is the cheapest ($0.10
ton/km) among the others. Although there is a highway between all the supply nodes and the demand
nodes, the restricted number of demand nodes has railroad and seaway transshipment nodes. In those
cases, the coal is first sent to transshipment nodes by GDCI and then to final demand nodes, if the cost
is cheaper than highway. We want to mention that all transshipment nodes have 0 (zero) demand and

supply.
2.2) Type of Problem

Our project is related with network flow problem. These problems are used for a number of
practical decisions in business. Based on the information above; we have determined that our model is

a typical transshipment problem.

Our model is a transshipment problem. Transshipment problem deals with the distribution of
goods from several points of supply to a number of points of demand (Greenberg, 2006). It may also
contain transshipment points through which coal can be shipped on their way from a supply point
(shipments from sources) to demand point (to destinations) so that total production and transportation
costs of project of “Delivering Free Coal to Poor Families” are minimized (Winston and Venkataraman,
2003:360-406; Albright, 2001; Hillier, and Lieberman, 1995; Daskin, 1995;Johnson, 2006).

2.3) Model and Assumptions
GDCI has 21 supply nodes and it is generally assign to deliver the free coal to 1738 demand
nodes of which are cities and townships. To simplify the solution, in our model, we will only use 6

supply nodes including Bolu, Canakkale, Corum, Kutahya, Manisa and Sirnak whereas we will use 8

demand nodes including Adana, transshipment nodes some of which are seaway and the others are
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railroad centers. Izmir, Mersin and Samsun are the transshipment nodes which seaway and highway are

used while Ankara and Erzurum are the transshipment nodes that railroad and highway are used.

As it is seen in Figure 1 below, the coal can be transported just by one transportation method or
as long as there are alternative transportation methods combination of two or three transportation
method can be applied. For instance from sample mine to a sample node coal can be transported by
highway and this route is illustrated by dashed black line with truck icon. The same transportation can
be realized by either highway and truck combination or first railroad second seaway and seaway to final
destination.

Figure 1 : Hlustration of a Sample Transshipment Structure of the Project

O Elbistan

~ MEDITERRANEAN SEA

-
Source: Republic of Turkey Ministry of Transportation

GDCI has very complicated production process. Therefore we have to make some other
assumptions (Cohon, 1978; Fourer, Gay and Kernighan, 2003; Johnson, 2006):

a- The capacity of mines are fixed and does not change because of any interruption of production,
b- Production function is linear.
c- Loading and dumping costs are ignored
d- Itis assumed that shortest path between nodes are always available. The weather conditions of
seaway or maintenance of railroads or other possible interruptions are ignored
2.4) Purposes and Goals of the Project

The project has the following objectives:

1- Minimizing the total cost of coal transportation by choosing best (cheapest) combination of
transportation methods with respect to fulfilling demand on poor families in demand nodes.

(Transshipment Problem)
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2- Minimizing the number of facility location that is required to cover all the coal demands for

poor family in demand nodes. (Facility Location Set-Covering Problem)

3. ALTERNATIVE SOLUTION METHODS & RESULTS

We think that we can solve our problem by using either Facility Location Set-Covering Problem

or Transshipment Method. Despite we have decided to solve our model by using transshipment method

we presented both models’ objective functions’ and constraints’ notations.

3.1) Facility Location Set-Covering Problem

Decision Variable: x;=1 if Transshipment node (facility) is located in city j, 0 otherwise.

Objective function:

7
Minimize: Z X

=1

So we can write out LP formula as

Min x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8 + x9 + x10 + x11 + x12 + x13 (1)
s.t.

x1 + x4 + x9 + x11 >= 1

x2 + x5+ x7 + x8 + x13>= 1

X3 + x4 + x11 + x12 +x13 >=1

x1l + x3 + x4 + x7 4+ x9 + x11+ x12>= 1

x2 + x5+ x7 + x13 >=1

x6 >=1

x2 + x5 + x7 + x13 >=1

x2 + x8 >=1

x1 + x4 + x9 + x11 >=1

x9
x1
x3
X2

+ x10 + x12 >=1

+ x3 + x4 + x9 + x11 + x12 >=1
+ x4 + x11 + x12 >=1

+ x3 + x5 + x7 + x13 >=1

Xj binary

= Build the minimal number of facility location such that at least one location is within 500 km

of each city. (demand nodes)

= 13 cities in our model

= The distance (km) between the cities is in the table below.
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Table 2: The Distance (km) Between the Cities

s —
CITY NAME < < | gz u = 2 2 £ z |3
z = 0 < S Z > 4 7 % w %) 3]
S8 |s|2|E|s|B|x|8|5|€|3]|3
< < < < < W L T = N 4 n ~
ADANA 1| 966 612 490 1046| 1168 809 899 69| 901] 375] 729 622
AGRI 966 1| 734 1057 391 1634 183 434] 1035] 1636] 945 754 423
AMASYA 612| 734 1| 336 708 900| 553| 1145 639 915 308 131 495
ANKARA 490 1057 336 1| 999 682 115 1366] 483 579 186] 419 818
ARTVIN 1046 391f 708 999 1| 1s46] 237] 770| 1115 1578 966 580 461
EDIRNE 1168 1634 900| 682 1546 1| 1453| 2045 1161 534 868 966 1395
ERZURUM 809| 183 553| 876 237] 1453 1| 617 878 1455 764 573 242
HAKKARI 899| 434] 1145 1366 770| 2045 617 1| 9es| 1s00| 1180 1188 650)
MERSIN 69| 1035| 639 483 1115 1161 878 968 1| 893 368 743 691
izMmiR 901] 1636| 915 579 1578 534 1455 1800 75 1l 754 120 1397
KIRSEHIR 375| 945 308 186] 966| 868[ 764 1180 368 754 | 391 706
SAMSUN 729| 754 131] 419 580 966| 573 1188 743 998 391 | 575
TUNCELI 622| 423 495 818 461 1395 242 650 691] 1397] 706] 575 1
Source: Republic of Turkey Ministry of Transportation
= Coverage distance is 500 km driving distance
= Coverage matrix is as below.
Table 3: Coverage Matrix
s —
CITY NAME < slslz|wl?3 E = £z |3
zZ = 2 < S z S 7 3 W % o
S| &|s|s|E|s|B|z|8|s|E|3]3
< < < < < W L T > N 4 % -
ADANA 1 0 0 1 0 0 0 0 1 0 1 0 0
AGRI 0 1 0 0 1 0 1 1 0 0 0 0 1
AMASYA 0 0 1 1 0 0 0 0 0 0 1 1 1
ANKARA 1 0 1 1 0 0 1 0 1 0 1 1 0
ARTVIN 0 1 0 0 1 0 1 0 0 0 0 0 1
EDIRNE 0 0 0 0 0 1 0 0 0 0 0 0 0
ERZURUM 0 1 0 0 1 0 1 0 0 0 0 0 1
HAKKARI 0 1 0 0 0 0 0 1 0 0 0 0 0
MERSIN 1 0 0 1 0 0 0 0 1 0 1 0 0
izZmiR 0 0 0 0 0 0 0 0 1 1 0 1 0
KIRSEHIR 1 0 1 1 0 0 0 0 1 0 1 1 0
SAMSUN 0 0 1 1 0 0 0 0 0 0 1 1 0
TUNCELI 0 1 1 0 1 0 1 0 0 0 0 0 1
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As seen inthe LINDO output of Appendix (Annex 1), if we locate only four locations (x2 (Agri),
x3 (Amasya), x6 (Edirne) x9 (Edirne) then our objective value will be 4 and all the demand nodes will

be within 500 distance to the at least one of the facility location.

3.2) Transshipment Problem

a) Model

The main objective of this project is to minimize the total cost of transportation (shipments
from sources to destinations) free coal with respect to fulfilling demand on poor families in demand

nodes.

b) List and description of all sets or indexes

Set k= transportation methods where k=1,2,3 (highway, railroad, seaway)
Set i = supply nodes where i=1,2....,6 (n)
Set j= demand nodes where j=1,2.....8 (m)

¢) Description of all data elements and decision variables

Xijk = number of tons coal transported from node i to node j by method k
Ck = cost of transportation method k per km(mile)/ton

Djj= distance from node i to node j

Si= supply capacity in node i

P; = demand in node j

d) Defining the Objective Function

The objective of the project is to minimize the total cost of transportation for free coal with

respect to meeting demand of poor families in demand nodes.

Then objective function for the project is expressed as:

MIN: 3" > 3D, X,,C, )

i=1  j=1 k=1
e) Defining the Constraints
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M-
M=

Xy <Si Vi e (Supply constraint) (3)

Il
N
—
Il
N

M-
M=

XwzPi V ] € (Demand constraint) 4)

Il
N
—
Il
N

Xy 2, 2 Xy =0V i e (Transshipment constraint) (5)

n
i=1  j=1

M-
‘MB

Il
N
Il
N

]

Xii, Si, Pj non negativity

f) Implementing the Model

MIN: > > > D; X;,C, (6)
i1 j=1 k=l

S.T.
YD Xy <SSi Vi e (Supply constraint) (7)
-1 j-1

> XuzPVij e (Demand constraint) (8)
i1 j=L

D Xiyem Do Xy =0V i e (Transshipment constraint) 9)
i1 j1 i1 j=

Xij, Si, Pj non negativity

An appropriate way of implementing this model for the project is shown in Excel sheets (Figure
2: Excel Sheet Showing Appropriate way of implementing Model, Figure 3 : Excel Sheet Showing Key
Formulas in the Model & Figure 4 : Excel Sheet Showing Solutions of the Model) of Appendix Section
of the study (See Annex 2 for the Excel solution of the Model).

g) Results of the Model

As seen from the Figure 4 in Appendix section, the minimum total cost (optimal solution) for

this problem would be TC=$ 6,723,310 where all the constraints are meet.

The solutions of the model will also provide us best transportation type and quantity from the

related sources to destinations shown in Table 4 below.
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Table 4: Transportation Type and Quantity from Sources to Destinations

Xi; will be as

From- to Quantity Type of Transportation
X Manisa-Edirmne: 630 ton Highway
X Manisa- 1zmir: 5370 ton Highway
X Canakkale-Edirne: 1150 ton Highway
X Sirnak-Hakkari: 600 ton Highway
X Corum-Kirsehir: 750ton Highway
X Kutahya-Ankara: 3200 ton Highway
X Bolu-Ankara: 850 ton Highway
X Izmir-Samsun: 2590 ton Seaway
X 1zmir-Mersin: 2780 ton Seaway
X samsun-Amasya: 670 ton Highway
X samsun-Tunceli: 1920 ton Highway
X Mersin-Adana: 570 ton Highway
X Mersin-Hakkari: 810 ton Highway
X Mersin-Kirsehir: 1400 ton Highway
X Ankara-Erzurum: 4050 ton Railway
X Erzurum-Artvin: 1040 ton Highway
X Erzurum-Tunceli: 600 ton Highway
X Erzurum-Agri: 2410 ton Highway

h) Sensitivity Analysis of the Model

According to Sensitivity Analysis of the Model (Frontline Systems, 2006), we will have the
following results by changing either “Right Hand Side Values” or “Objective Function Coefficient”
(See Annex 3 for the Sensitivity Analysis of the Model):

Changing Right Hand Side Values: After solving an LP problem, it should be determined how
much better or worse the solution would be if we have more or less resources for the project. As seen
from the Lindo Sensitivity Output, the shadow (dual) price of the constraints indicates the amount by
which the objective function value changes given a unit increase in the right hand side (RHS) value of
the constraint, assuming all other coefficients remain constant (ceteris paribus). If a shadow price is
positive that means unit increase in the RHS value of the associated constraint results in increase in the
optimal objective function of the value. For example as shadow price of Amasya is 167, therefore, if

the amount of coal delivered to Amasya changes between the allowable increase and decrease limit
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which are 0 and 670 respectively, our objective function values change by $167 for each additional unit.

Also note that some variables that have non-binding constraints have 0 shadow price.

Changing Objective Function Coefficient: If the one of the coefficient of the variable change
in an allowable decrease or increase limit, the optimal solution of the objective function will not change.
For example, if X 111 (from Manisa to Edirne) change between allowable increase (167) and decrease

(365), the optimal solution of the objective function will not change.

4. CONCLUSIONS AND POLICY RECOMENDATIONS

Turkish government delivers free coal to poor families via General Directorate of Coal Industry
(GDCI) as a part of social and economic policy. Although project has many components, generally the
coal is taken from several mines within country, after basic industrial process, the coal is sent to main
delivery nodes from mines nodes by highways, seaways or railroads. Finally, the poor families come to

main nodes and carry the coal to their houses to use during the winter.

The cost of delivering free coal is reimbursed by Turkish Treasury to GDCI as duty loss under
some government regulations. After giving general information about the problem and describing
situation in Turkey, transportation and transshipment models were developed by taking into
consideration some assumptions. One of the fundamental objectives should also be closing the gap of

life quality between poor and rich people and reducing child sickness because of cold weather.

The project should also aim 3E’s (Economy, Efficiency and Effectiveness). In other words, to
decrease the cost of delivering coal via shortest path, to produce coal in timely fashion and using best
transportation method for the project of “Delivering Free Coal to Poor Families”. The problem was
solved with alternative methods by giving also following useful and applicable recommendations for
GDCI to reduce cost of this public policy and to enable them to help as many as poor families to have

free coal in timely fashion:

= Our model shows better solution for current operation,

= The model can be applied to current operations with real distance data among all nodes,

= For full implementation of model given assumptions should be eliminated in timely fashion,

= Management should provide professional consultant service to implement other operations

research tools and techniques.
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Annex 2: Excel Solution of the Model

Figure 2 : Excel Sheet Showing Appropriate Way of Implementing Model

E3 Microsoft Excel - Final excel

\E_] File Edt Yew Insert Format Tools Data  Window Help  Adobe PDF Type a question for help -8 x
NEEHRS SR VE S B F9 08-SRl - @R -0 -|B 1| b-A- B
$ G snaglt [ | window - E
(BZER

Al - f

alofcl] o [eJ] F [ 6 | H [ 1+ JnN[ o [ P ] g | r [ s | 7 | [ v ] L7
5 Ship _From To Unit Cost_Distance  Total Cost Nodes Net Flow — SupplyDemand
(6| H [ 0 T 1 Manisa 7 Adana 1.00 883 883 1 Manisa 0 -6,000
7| H 1 Manisa 8 Amasya 1.00 897 $897 2 C 0 -1,150
' 8| H 1 Manisa 9 Atvin 1.00 1,560 $1,560 3 Sirnak 0 -600
9| H 1 Manisa 10 Hakkar 1.00 1,782 $1,782 4 Corum 0 -750
10| H 1 Manisa 11 Edime 1.00 545 $545 5 Kurahya 0 -3,200
11| H 1 Manisa 12 Kirsehir 1.00 736 $736 6 Bolu 0 -850
12| H 1 Manisa 13 Tunceli 1.00 1,379 $1,379 7 Adana 0 570
13| H 1 Manisa 14 Agri 1.00 1618 $1,618 8 Amasya 1] 670
14| H 1 Manisa 15 lzmir 1.00 36 $36 9 Artvin 0 1,040
15| H 1  Manisa 16 Sarmsun 1.00 980 $980 10 Hakkari 0 1410
16| H 1 Manisa 17 Mersin 1.00 875 $875 | 11 Edime 0 1.780
17| H 1 Manisa 18 Ankara 1.00 561 $561 | 12 Kirsehir 0 2,150
18| H 1 Manisa 19 Erzurum 1.00 1,437 $1,437 13 [Tunceli 0 2,520
19| H 2 Canakkale | 7 Adana 1.00 1,102 $1,102 14 Agri 0 2410
20| H 2 Canakkale | 8  Amasya 1.00 953 $953 | 15 |lzmir 0 0
21| H 2 Canakkale | 9 Arin 1.00 1,599 41,599 16 |Samsun 0 0
22| H 2 Canakkale | 10 Hakkari 1.00 2,001 42,001 17 |Mersin ] 0
23| H 2 Canakkale | 11 Edirne 1.00 217 $217 18 Ankara 0 0
4 H 2 Canakkale | 12 Kirgehir 1.00 828 $828 19 Erzurum 0 0
3z H 3 Simak 7 Adana 1.00 709 $709
|33 H 3 Simak 8  Amasya 1.00 986 $986 Total Transshipment Cost
34| H 3 Simak 9 Arin 1.00 730 $730

Weather
35| H 3 Simak 10 Hakkari 1.00 190 $190 Condition Polution Population
(36| H 3 Simak 11 Edimne 1.00 1,858 $1,858 Adana 500,000
37| H 3 Simak 12 Kirsehir 1.00 990 $990 Amasya 2 2 50,000
(38| H 3 Simak 13 Tunceli 1.00 526 $526 Artvin 3 2 0,000
38| H 3 Simak 14 Agri 1.00 428 $428 Hakkari 10 7 30,000
40| H 3 Simak 15 lzmir 1.00 1,610 $1,610 Edirne 1 20| 220,000
41| H 3 Simak 16 Samsun 1.00 1,093 $1,003 Kirsehir 1 34| 117,000
42| H 3 Simak 17 Mersin 1.00 778 $778 Tunceli 17 43 80,000
43| H 3 Simak 18 Ankara 1.00 1,176 $1,176 Agri 15 36| 110,000
44| H 3 Simak 19 Erzurum 1.00 522 $522 Total 20 228 | 1,287,000
45| H 4 Corum 7 Adana 1.00 575 $575
Index Index Total

46| H corum 8 Amasya 1.00 92 $92 Weather Index Polution Population Index Demand
47| H Carum 9 Arvin 1.00 755 $755 Adana (1.99) 012 0.47 0.08 570
48| H Carum 10 Hakkari 1.00 1,237 $1,237 Amasya 0.08 0.08 0.04 0.08 B70
49| H Carum 11 Edirne 1.00 843 $843 Artvin 0.18 010 0.06 0.08 1.040
50 H Carum 12 Kirsehir 1.00 216 $216 Hakkari .52 012 0.02 0.1 1410
|91 H Carum 13 Tunceli 1.00 581 $587 Edirne (.08 0.0a 017 0.14 1,780
52| H Carum 14 Agri 1.00 826 $826 Kirsehir 0.57 014 0.08 017 3150
53| H corum 15 lzmir 1.00 823 $823 Tunceli 0.86 019 0.06 0.20 2520
54| H corum 16 Samsun 1.00 175 $175 Rgri 073 0.15 0.08 0.19 2410
55| H corum 17 Mersin 1.00 568 $568 Total 1.00 1.00 1.00 1.00 [ 132550
E 5 Izmir 16  Samsun 0.15 1,200 $180
858 lzmir 17 Mersin 0.15 500 §75
102) R Ankara 19 Erzunim 0.10 1,150 $115
110f H Erzurum 14 A 1.00 183 $183 v
M 4wy FACIITY LOCATION b Shipping Plan model ¢/ Shipping Flan fomolation { Shipping Plan solition ¢ answer Repart | < >
Ready CAPS NUM
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Figure 3 : Excel Sheet Showing Key Formulas in the Model

E3 Microsoft Excel - Final excel

P-_‘l_] Fle Edit Yiew Insert Format Jook Data  ‘Window Help  Adohe PDF Type aquestion forhelp « 2 A X
NEERAIRTE SRR FI9 o 8z i mg~ -afl -0 B I U H[$ %o sl -h-A- B
(S Snaglt [ | window - H
el il |

P61 > 5

E[C| 1] CE] F T | | | ] P 7] R —
1 A
== [ I Coal I
| 3
N
5 [Ship Fr To Unit Cost_Distance | Total Cost Nodes Net Flow SupplylDemand
6 [0 1 -VLOOKUP(CESEE408302) |7 [=WLOOKUA 383 1 Manisa = SUMIF[$E$6:$E$110.N6.$R$6:-$8$110)-SUMIF[$C$6-$C$110.K6.$B$6:$B$110) ] -6000
70 %1 -VLOOKUP(CTSN$6308302) 8 |=YLOOKU1 897 2 Canakkale 1150
8 [0 %1 -VLODKUP(CESN$E$03302) |9 |=WLOOKU1 1560 3 Sirnak 500
9 [0 %1 -VLODKUP(COSHE6$09302) 10 |WLOOKU1 1782 4 Corum = SUMIF[$E$6-$E3110,N9.$0$6-$0$110)-SUMIF($C$6-$C3$110,M9.$B$6:$B64110) 1-750
[0 %1 VLOOKUP(CISN4ES0E02) 1 | <¥LODKUL 545 5 Kutahya - SUMIF[$E$6:$E$110,N10.$B$6:$B$110)- SUMIF[$C$6:$C$110,N10.$B6:$B$110] -3200
1[0 %1 -VLODKUP(CHAN$6404202) 12 |-WLOOKU1 736 [ Bolu -850
2 [0 %1 -VLOOKUP(CIZSNS6:608302) 13 |=YLOCKU1 1379 7 Adana = SUMIF($E$6:$E$110.N12.$546:$B$110) SUMIF($C$6:$C$TI0.N12 $B$6-$B$110]-T47
1[0 51 =VLOOKUR(CISSN4E$0E0Z) W | =VLODKUT 1618 8 Amasya - SUMIF[$E$6:$E$110,N13,$B$6:$B$110)-SUMIF($C$6:$C$110.N13 $B$6:3B$110] - T48
# [0 1 =VLOOKUP(CHSN4ES08302) 16 |s¥LOOKUL E ] Antvin UMIF($E$6:$E$110.N1.$B$6:$5:4110)- SUMIF($C456:$C$10.NI4.$B$6:3B$110] T4
6 [0 %1 VLOOKUP(CIESN4ES08302) 16 | =¥LOOKU1 980 ] Hakkari = SUMIF[$E$6-$E$110,N15.$B3$6:$B3$110)-SUMIF[$C$6-$C$T10.N15.$B$6:$B$110] - T50
© [0 1 -VLOOKUP(CIESN4ES0$302) 17 |-VLOOKU1 475 1 Edime - SUMIF[$E$6:$E$110,N16.$B$6:$B$110)-SUMIF [$C$6:$C$T110.N16.$B$6:$B$110] -T51
7 [0 1 -VLOOKUP(CITSN4E$08307) 18 | -VLOOKU 1 561 2 Kirsehir UMIF($E$6-$E$110.M17.$B$6:$B$110) SUMIF[$C$6:3CE110.N17.$B$6:$B$110] - T52
8 [0 i1 =VLOOKUP(CISSNSG80830.2) 19 |=YLOOKU1 u37 ] Tunceli = SUMIF(SE$6:SE$TI0.N18.$5$6:$B$110) SUMIF(SC$6:SCSTI.NIS $BS6-3B$110[-T53
1[0 iz =VLOOKUR(CHSN4ESORIZ 7 | -VLODKUL 102 " Agii - SUMIF[$E$6:$E$110,N19,$B$6:$B$110)-SUMIF($C$6:$C$110.N19.$B$6:$B$110] - To4
20|02z -VLOOKUP(CZOSM4G$08302) 8 | -¥LOOKU1 953 5 Tzmir UMIF($E$6:$E4110.N20,$E46:$E4110)-SUMIF($C$6:$C4110,N20,$$6:$B411 0
2 [0 iz -VLOOKUP(CHISN4ES0E302) 9 | -WLOOKU1L 1598 % Samsun - SUMIF[$E$6-$E$110,N21,$B$6:$B$110)- SUMIF[$C$5-$C$T10.N21.$B$6:$B$110] 0
22 |0 iz -VLOOKUF(CZZSM4E$08302) 10 | -VLOOKU1 2001 17 Mersin - SUMIF($E$6-$E$110,N22,$E46:$B$110)-SUMIF[$C$6:4 C$110.N22 $E46:$B411] 0
23 (D iz -VLOOKUP(CZR$MME$08302) 1 | -VLOOKU 1 27 ] Ankara - SUMIF[$E$6-$E$110.N23.$B$6:$B$110)- SUMIF[$C$6:$C$110.N23.$B$6:$B411] 0
2 [0 iz =VLOOKUR(CZ4SMH6$08302) 12 | =VLOOKU L 828 13 Erzurum = SUMIF[$E$6:$E$110,N24.$B$6:$5$110)- SUMIF[$C$6:$C$110.N24 $E$6:3B311] 0
5|0 iz =VLOOKUR(CZSSM46$08307) 13 | =VLOOKU L 1448
%[0 iz =VLOOKUP(CZGSHHE$08302) 1 |=WLOOKU1 1687
7|0 iz -VLOOKUP(CETSh46808302) 15 | =WLOOKU1 325
2 [0 12 -VLOOKUP(CZB$MME$08302) 16 | -VLOOKU1 1019 Total Supply
28 [0 iz -VLOOKUP(C29$MME$08302) 17 | -WLOOKU1 1034 Total Demand
[0 G2 =VLOOKUP(CINSKEEE0S302) 18 |=¥LOOKU1 6§53
30 iz =VLOOKUR(CHSM4ESOEIZ 19 | =VLODKUL 1506
2|0 i3 -VLOOKUP(COZSh4G808302) 7 |=WLOOKU1 709
33 (0 i3 -VLDOKUP[CISKHESO$302) 8 -WLOOKU1 986 -G3T'H3?  Total Tnnsshipmem|:ust||=SUMPRODUGT(BG:B110,IB:I110] ”
3|0 i3 =VLOOKUP(CHMSN4G808302) 9 | =WLOOKU1 730 -G HM
3|0 i3 =VLOOKUR(CISSMHES08302) 10| =VLOODKU T 190 Veather Condition Polution Population
3 [0 i3 =VLOOKUP(CIGSRHE$08302) 1 |=WLOOKU1 1858 Adana |33 557574830342 26.39B0964323754 | 5950.990530401
37012 -VLOOKUP(CITSRMES08302) 12 |-WLOOKU1 390 a | 160245088001308 2U4EE0428379559 | BOOO0.00634TI7EE
3|0 13 -VLOOKUP(CISSMMES08302) 13 | =WLOOKU1 526 32TIE2E1683604T 22 349THEHE04D | 000002201265
(D :3  -VLOOKUP(COOSMMES08302) 1 | -VLOOKU1 [F:] D41B477E54E3 ZE5UIEIZ642I645 | J0000.0135139562
400 i3 =VLOOKUP(CADSRHES08302) 16 | =VLOOKU 1 1510 115330257124583 19.8816299162612__ | 213999 995313267
#1013 =VLOOKUR(CHSNGESORIZ 16 | =VLODKUT 033 Kirsehir | L 300604086756 HIEMEITINITE | ITO00OMIITIET
#2013 =VLOOKUP(CZShHE$08302) 17 |sWLOOKU1 778 Tunceli | 17.13957376743¢ 42 GEZIG06825256 | 0000013782021
#3013 VLOOKUP(CLShHE808302) 18 | =WLOOKU1 1176 Agri| ¥ SIBEETT04575 TSI | 00000 TEI5E]
#4013 -VLOOKUP(CHSRHES08302) 19 | <WLOOKUL 522 Total | -SUMP3EFE] -SUM[EIEEAY) | -SUMFREREE]
46 [0 14 VLOOKUP(CABSRMES08302) 7 | -VLOOKUL 575
4|0 14 VLOOKUP(CHGSNHE808302) 8 | =WLOOKU1 92 Indez Weather Indes Polution _Indez Population
470 14 -VLOOKUP(CTSMME$08302) 9 | -WLOOKU1L 755 =PI6IEPE44 - DIEHOg44 =R3GIgRE = [D5'F47)
48 [0 14 VLOOKUP(CASSRMES08302) 10 | -WLOOKU 1 1237 PITIgFE4s - SITHOE -FaTigREs =(D5'F48)
43 [0 it -VLOOKUP(CAS.SMS6S08302) T | =VLOOKU1 243 PIaIEFEts - @304 =F38/EREs =015P43):
50 (D4 VLOOKUR(COOSMHG$08302) 12 | =VLOOKU 1 216 Pa3isFHe4 = EaaE0EH =FRasishgs = (D550
81|04 =VLOOKUP(CEISN4G:604302) 13 |=WLOOKU1 587 PA0ISPp44 - Q4O =RADIgFH = (D55
52 [0 14 -VLOOKUP(CEZSMMES08302) W | <WLOOKU1 226 PATEPE44 - Q4TS FAlgREH = (D5'F52)
52 [0 14 -VLOOKUF(CER$M46$08302) 15 | -vLOODKU1 223 P42igF 44 - D42HpOg44 RAZIgREs - (D553
5 (D34 -VLOOKUP(COH4SMHE$08302) 16 | =VLOOKU1 175 P43IEF$44 D404 =F43IEREE =(015F54):
55014 =VLOOKUR(COSSMHG$08302) 17 | =VLOOKU L 968 R Total|-5UMF4T.FH] SSUMGHTERY)  |-SUMIFMTREY  |=SUMIS4TS
5 |0 4 =VLOOKUP(COGSNHE$08302) 18 |=WLOOKU1 244 E
Lx AN A4 AMLOOKLPICET $h4E£047021 14 SWLONKIL RiR -RR7"URZ? A
M4 v wl FACILITY LOCATION { Shipping Plan madel %, Shipping Plan formulation ¢ Shipping Plan sofion . Answer Repart | € ¥
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Figure 4 : Excel Sheet Showing Solutions of the Model

ss./pp. 40-57

B3 Microsoft Excel - Final excel

@_] Fle Edit View Insert Format Tools Data  Window Help  Adobe PDF Type aquestionforhelp = — & X
NESHRSISRITE & BB S0 8 =88 Mg - ef H BN s Sif | - O- A
{ (i snaglt |1 | window - !
R 0 |
Picture 22 ' = f

Al B | ¢C o JE] F | &6 | H | Iw] o [ P ] aQ R s [ T ] ] v ] Fa|
g Ship ~ From To Unit Cost Distance  Total Cost Nodes Net Flow  SupplyDemand
5| H 1 Manisa 7 Adana 1.00 883 1883 1 Manisa -6,000 -6,000
RN 1 Manisa 3 Amasya | 1.00 897 $897 2 (Canakkale| 1,150 EREC I Solver Parameters
8| H 1 Manisa 9 |Arvin 1.00 1,560 $1560 3 Simak 600 600
ER 1 Manisa 10 Hakkari 1.0 1,782 $1,782 4 Corum 750 750 SetTarget Cel: | OFEEH
0] H 1 Manisa 11 |Edirne 1.00 545 $545 5 Hutahya -3.200 -3.200
1 H 1 Manisa 12 Kirsehir  1.00 736 $736 6 Bolu -850 -850 EuaTo:  Qmax @M
1z H 1 Manisa 13 Tunceli 1.00 1,379 $1,379 7 Adana 570 570 By Changing Cell:
(13| H 1 Manisa 14 Agri 1.00 1,618 $1,618 8 Amasya 670 670 B -
14| H 1 Manisa 15 | lzmir 1.00 36 $36 9 Artvin 1,040 1.040 efe488110
(15| H 1 Manisa 16 [Samsun | 1.00 980 $980, 10 Hakkari 1,410 1,410
16| H 1 Manisa 17 [Mersin 1.00 875 $875 11 Edime 1,780 1,730 Subject to the Constraints:
1T H 1 Manisa 18 |Ankara 1.00 561 $561) 12 Kirsehir 2,150 2,150
18| H 1 hlanisa 19 | Erzurum 1.00 1,437 $1437 13 Tunceli 2,520 2,520 45648410 >=0
19 H 2 [Canakkale | 7 Adana 1.00 1,102 $1,102) 14 Agri 2,410 2410 $PEIZ4PHLS 2= $0312:40519
20| H 2 |Canakkale | 8 |Amasya 1.00 953 1953 15 lzmir 0 [] p;m;smzqzmm;gng
21| H 2 Canakkale 9 Arkin 1.00 1,599 $1,599 16 Samsun 0 0 $Pieidpdil = $Qf6: 80511
22 H 2 Canakkale | 10 Hakkari 1.00 2,001 $2,001 17 Mersin 0 []
23| H 2 Canakkale 11 |Edime 1.00 217 $217| 18 Ankara 0 0
24| H 2 Canakkale 12 Kirsehir 1.00 828 1828 19 Erzurum 0 0
33| H 3 |Birak 8 Amasya 1.00 986 1086 Total Transshipment Cost | $6,723,310
3| H 3 [Simak 10 Hakkari 1.00 190 $190 onditio Polutio Populatio
(36| H 3 [Simak 11 |Edirne 1.00 1,858 1,858 Adana (40) 26 | 600,000
(37| H 3 [Simak 12 |Kirsehir | 1.00 990 $990 Amasya 2 21 50,000
[38] H 3 [Simak 13 Tunceli 1.00 526 1526 Artvin 3 22 20,000
ER 3 [Simak 14 g 1.00 428 428 HakKari 0 27 30,000
0] H 3 [Simak 15 |lzmir 1.00 1,610 $1,610 Edimne 1 20| 220,000
4| H 3 [Simak 16 [Samsun | 1.00 1,093 $1,003 Kirsehir 1T 34| 117,000
42| H 3 [Simak 17 [Mersin 1.00 778 $778 Tunceli 7 13 30,000
3] H 3 [Simak 18 Ankara 1.00 1,176 $1,176 Agri 15 35| 110,000
44| H 3 [Simak 19 Erurum | 1.00 522 1522 Total 20 228 | 1,287,000
(45| H 4 Corum 7 |Adana 1.00 575 $575

Index Index Total

46| H Comum 8 |Amasya 1.00 92 $92 Weather Index Polution Population Index Demand
47| H Corum 9 |Ain 1.00 755 $755 Adana (1.89) 2 047] 005 570
(48| H Carum 10 |Hakkari 1.00 1,237 $1,237 Amasya 008 0.08 004 005 670
49 H Gorum 11 |Edime 1.00 843 $843 Artvin 016 0.10 006 008 1,040
(50| H Carum 12 |Kirsehir | 1.00 216 $216 HakKari 052 012 00z 041 [ 1,410
a1 H Carum 13 Tunceli 1.00 587 $587 Edimne 006 0.08 017 044 1,780
(52| H Corum 14 Agri 1.00 826 1826 Kirsehit 057 015 003 017 | 2,150
(53| H Carum 15 |lzmit 1.00 823 1823 Tunceli 086 018 006 | 020 32,590
4 H Carum 16 [Samsun | 1.00 175 $175 Agri 072 015 008 048] 3410
EIH Corum 17 [Marsin 1.00 568 1568 Total 100 1.00 100 1.00] 12,550
ES I 16 Samsun  0.15 1,200 $180
85| 8 18  lzmir 17 Mersin 0.15 500 475
02| R 18 Ankara 19 Eruturm  0.10 1,150 $115
10| H 19 Eruum | 14 Agr 1.00 183 183
11
112]
113 L

Ready
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Annex 3: Sensitivity Analysis of the Model

RANGES IN WHICH THE BASIS IS UNCHANGED:

VARIABLE

X17

X18

X19
X110
X111
X112
X113
X114
X115
X116
X117
X118
X119

X217

X28

X29
X210
X211
X212
X213
X214
X215
X216
X217
X218
X219

X37

X38

X39
X310
X311
X312
X313
X314
X315
X316
X317
X318
X319

X417

X48

X49
X410
X411
X412
X413
X414
X415
X416
X417
X418
X419

X57

X58

X59
X510
X511
X512
X513
X514
X515
X516
X517
X518

883.
897.
1560.
1782.
545.
736.
1379.
1618.
36.
980.
875.
561.
1437.
1102.
953.
1599.
2001.
217.
828.
1488.
1687.
325.
1019.
1094.
653.
1506.
709.
986.
730.
190.
1858.
990.
526.
428.
1610.
1093.
778.
1176.
522.
575.
92.
755.
1237.
843.
216.
587.
826.
823.
175.
568.
244.
645.
674.
647.
1310.
1573.
589.
486.
1129.
1368.
334.
730.
666.
311.

CURRENT
COEF

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

OBJ COEFFICIENT RANGES

ALLOWABLE
INCREASE

INFINITY
INFINITY
INFINITY
INFINITY
167.000000
INFINITY
INFINITY
INFINITY
127.000000
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
547.000000
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
585.000000
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
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