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Abstract

Today, transportation network optimization has become one of the significant aspects of sup-
ply chain planning, and even a slight rise in productivity can significantly reduce costs of
distribution of wood in the transportation network. In the forest based industry, given that
transportation is the main cost of raw wood supply, using transportation planning, distribu-
tion should be done in a way so as to minimize the overall wood displacement. Such planning
must meet the needs of all demand centers and the distribution supplier points must be used
to their full capacity. Accordingly, the present study strived to find an optimal solution for
transportation and distribution of raw wood from the main supplier points to small and large
centers of wood and paper industries in Iran. This optimization simultaneously focuses on
several products and is at the macroeconomic level of the country wood market. To achieve
this goal, linear programming — Transportation Simplex Algorithm was used. The results
show a significant fall in transportation costs and a more organized wood distribution network
than the current situation. This cost reduction can be attributed to decisions about the optimal
distribution of wood types, determining transport routes, and opting for the right type of truck
supplier based on load tonnage and distance. This plummet in transportation costs plunges
the cost of wood and wood products, which will surge competition in the business and will be
of interest to manufacturers, distributors, customers and stakeholders in general.

Keywords: distribution network, linear programming, simplex algorithm, transportation prob-

lem, truck capacity, forest based industry

1. Introduction

In the forest industry, transportation costs repre-
sent major costs and, as one of the most important
factors, they constitute more than 45% of the total op-
erating costs in some countries (Acuna 2017). In this
situation, to economically justify a transportation net-
work, there is a need for economic planning and opti-
mization, so that today its optimization has become
one of the important aspects in supply chain planning
(Acuna 2017), to limit the carbon footprint and the ma-
chine fuel use (Mederski et al. 2021), taking into ac-
count that even a small rise in productivity can decline
costs significantly (Malladi et al. 2018). Advances in
technology and communications are developing systems
supplier based on operation research (OR) algorithms
that support transportation decisions. OR models can
remarkably ameliorate decisions, as shown in practice.

There are many opportunities to implement OR solu-
tions so that companies can organize their transporta-
tion operations and allocate resources effectively. In
addition, the acquisition of technical knowledge and
the development of skills for the implementation of
operation research techniques will enable the forest
industry to provide innovative solutions in the supply
chain sector (Malladi et al. 2018). Unlike technical and
economic analysis, transportation optimization mod-
els are capable of designing the optimal supply chain
according to the possible sets of supply chain, produc-
tion locations, supply locations, production scales and
transportation modes (De Jong et al. 2017, Yue and
You 2014). In transport optimization models, the basis
of programs is mathematics and all unknowns are rep-
resented by decision variables (Holo et al. 2016). The
decision model is a set of several steps determining the
allocation of supply points to delivery points and the
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amount of wood for delivery (Moad et al. 2016). The
relationships of these variables are expressed by equa-
tions called constraints, and an objective function is
either maximized or minimized (Holo et al. 2016). Lin-
ear programming is one of the most popular program-
ming methods among OR mathematical models (Pe-
dregal 2004). It tries to make optimal decisions in most
industries and financial and service organizations and
is needed in a wide range of applied programs such
as routing, scheduling, and various optimization is-
sues (Cai et al. 2018). Linear programming refers to a
planning process that optimizes labor resources, ma-
terials, machinery, and capital allocated to minimize
the cost or maximize profits (Pedregal 2004). The ad-
vantages of linear programming include logical solu-
tion algorithms, efficient algorithms supplier based on
linear algebra, and simultaneously providing useful
economic information on the traction of each variable
with respect to the optimal solution (Devlin and Talbot
2014). Simplex algorithm is a mathematical method
and includes a table of decision variables that is used
to solve linear programming problems (Lotfalian
2011). This algorithm together with its outputs is play-
ing an increasingly important role in transportation
decision-making processes (Te Brommelstroet et al.
2017) and points to one of the most important and
successful applications of quantitative analysis to
solve business problems in the realm of spatial distri-
bution of goods. Given that transportation is the main
factor in the cost of timber supply, the challenge here
is to allocate, in conjunction with transportation plan-
ning, in a way that minimizes the overall timber dis-
placement (Moad et al. 2016), complying with all the
inputs and providing that the transportation place is
used at its full capacity (Ronnqvist 2003). The horizon
of transportation optimization planning in the forest
industry is, at both tactical and operational levels
(Malladi et al. 2018), often focused on the tactical level
with medium-term planning (Rix et al. 2015). In terms
of access, the methods of transportation in this indus-
try are often road (Malladi et al. 2018) or a combination
of road and rail (Balaman et al. 2018).

Research shows that a variety of optimization
methods have been used to optimize transportation in
the forest industry, including Decision Support System
(DSS) and network analysis techniques (Parsakhoo et
al. 2017); algorithms such as Ant Colony Optimization
(ACO) (Lin et al. 2016, Lin et al. 2014, Chung and
Contreras 2011); Column Generation optimization
(Rix et al. 2015, Rix et al. 2011, Rey et al. 2009); and
linear programming approach — transportation
simplex algorithm (Devlin and Talbot 2014), Linear
mixed-integer programming models (MILP) (Moad

2016, Balaman et al. 2018, Aydinel et al. 2008, Van
Dyken 2010); a mixed integer non-linear program-
ming model (Shabani and Sowlati 2013); composition
of the source of programming codes and formulas
(Nasiri and Lotfalian 2012) Fuzzy e-constraint method
(Balaman et al. 2018); linear programming model
(Acuna 2017, Boukherroub et al. 2017, Flisberg et al.
2015, Frisk et al. 2010, Forsberg et al. 2005); optimiza-
tion — simulation (OS) approach (Marques et al. 2014,
Beaudoin et al. 2013, Asikainen 2001); and annealing
heuristic algorithm (Han and Murphy 2012). Han et
al. (2018) optimized the logistics of residue forest
transportation to the road network at a study site in
Colorado, USA, and reduced the cost of logistics by up
to 11% compared to the conventional system. By opti-
mizing transportation operations planning at a large
biomass supply company in British Columbia,
Canada, Malladi et al. 2018 could reduce total costs by
12% and significantly reduce fuel consumption (Acuna
2017). In their study, Lin et al. (2016) presented a multi-
level ant colony optimization (MLACQO) approach to
solve the problems of limited forest transport plan-
ning, and the results showed higher quality and short-
er transportation time using the method. Zamora-
Cristales et al. (2015) developed the economic
optimization of forest biomass processing and trans-
portation in the northwestern United States of America
using mixed integer programming. In their study, the
proposed method reported decision-making of vari-
ous potential saving operations from 3 to 34%. Han
and Murphy (2012) optimized the truck loading plan-
ning problem for transporting four types of wood bio-
mass in western Oregon, which reduced the total cost
of transportation by 18% and reduced the total travel
time by 15% compared to the actual schedule. In a
large program in southern Sweden with eight forestry
companies, Frisk et al. (2010) studied the cost of trans-
portation allocation as an important part of the timber
supply chain in forestry and stated that better plan-
ning in each company can save up to 14% overall. The
study of Gagliardi et al. (2020) on two models of for-
warder showed that productivity and average log
volume were strongly positively correlated.

Most studies have so far focused on one wood
product, and optimization has been less studied as a
multi-product. Also, most of the transports in the for-
est industry are done by road and truck. The present
study sought to find the optimal solution for the
transportation and distribution of wood from the
supplier points to small and large centers of wood and
paper industries in the macroeconomic level of the
Iranian wood market in the intercity transportation
network. To achieve this goal, the linear programming
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transportation simplex algorithm was used. Further-
more, in this research, the possibility of optimal use of
different types of trucks was investigated according to
the cost-distance-truck between the supplier point and
customer point, as well as the average capacity and
maximum capacity (from a legal point of view) of
these trucks. Obviously, the aim is to minimize the
transportation cost of sending wood after determining
the points of supplier and customer, as well as deter-
mining the decision variables (transportation routes).
We assumed that using Transportation Simplex
Algorithm should reduce the distance and costs of
wood transportation. The purpose of this study was
also to provide an optimal pattern of distribution
and transportation of usable wood throughout the
country.

2. Materials and Methods

2.1 Case Study

This research was developed on a large scale for
Iran for 7 groups of raw wood, including lumber
types, cants, industrial wooden sheets, logs, beams,
wood fuels and charcoal. As the number of large and
small wood demand centers in this country is very
high, in this study a total of 89 main centers of wood
demand, covering all Iran and receiving wood from
72 sources, were scrutinized. The current transporta-
tion of wood in Iran has the following characteristics:
The share of transportation in the cost price of goods
is higher than the global average (6% for the world and
12% for Iran), almost all raw wood in Iran is trans-
ported by road, while up to 12% of other goods are
transported by rail (Anon. 2017). About 4 million tons
of wood is transported annually in the intercity trans-
port network.

The data required for the research was determined
as follows:

= determining wood supply centers supplier-
based on the volume of transactions and their
role in the market and determining the ship-
ping capacity of these centers in the period in
question (one year) (Table 2)

= determining the demand centers and the vol-
ume of raw wood they needed in the desired
time period

= determining the connection routes of the roads
among all supply centers and demand centers
and determining the distance in km

= determining the truck loading equipment in
each route, grouping these trucks according to

tonnage (minimum economic capacity and
maximum allowable capacity), as well as deter-
mining the loading cost of these vehicles as ton-
km shipping cost

= identifying influential variables and existing
constraints (Eq. 1-5)

= solving the model using Linear Programming
(LP) — Transportation Simplex Algorithm in
GAMS Software version 24.1.3

2.2 Research Model

In this research, a transportation simplex algorithm
was developed to determine the optimal distribution
of wood types using GAMS Software (Fig 1). Using
this algorithm, the optimal distribution routes of these
woods were determined supplier-based on the amount
of customer demand and the distance between the
supplier and customer points. Given the trucks avail-
able in each of the supplier points, as well as the capac-
ity and cost of ton-kilometers of these vehicles at dif-
ferent distances, the optimal use of these trucks was
also determined. The symbols used in the Transporta-
tion Problem model are as shown in Table 1.

2.2.1 Objective Function

The objective function of the model (MinZ) is to
minimize the sum of transportation costs as shown in

Eq. (1).
minZ : ZIZEZEZE(Cijpkdij)‘Xijpk @)
Where:

z is the sum of transportation costs

Cy;p is transportation cost of one unit of product
, from Supplier location ; to customer ; by
truck ,

d(;) isdistance from Supplier ; to customer ;, km

X(;;pi) is amount of product , to transport from
Supplier ; to customer ; by truck
2.2.2 Constraints

Constraints related to the supply and demand of
wood are shown in Eq. (2) and (3).

2; 2 E Xy < Capy, 2)

z:z]}zxiipk < Djp ©®)

The demand constraint (Constraint set (2)) indi-
cates that the quantity of product , that is carried by
truck k from supplier point i to customer point j must
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Fig. 1 Model input and output in GAMS Software

Table 1 Notations used in the Transportation Problem model

Sets Definition

i Set of Supplier points /A, /
n All Supplier points
Ji Index of Customer paints/0,../
m All Customer points
p Set of product /p, ¢/
k Set of vehicles/k, ¢/
Parameter Definition
Table Cap, Capacity of Supplier paints
Table D, Demand at customer points
Cap_Max, Maximum capacity of vehicle ,
Cap_Miny, Minimum capacity of vehicle
Table d Distance from Supplier ; to customer ; (km)
Table C;, Transportation cost of one unit of product , from
supplier location ; to the customer ; by vehicle
VARIABLE
Z Objective Value Total transportation costs in thousands of Euro
KXiion Amount of product , to ship from Supplier;
to customer ; by vehicle ,
EQUATIONS
Objective Z=E = SUM(i;p0.Ciy™ iy Xijpua)
Constraintly,  SUM(;y. X0 = L= Capy,
Constraint2,  SUM(;., X0 = G = D
Constraint3y,  SUM(;, X0 = L= Cap_Max,

Constraintd,  SUM(yy, X;;p0) = G = Cap_Miny,
Transportation Problem

Equation Listing SOLVE Problem Using L
Column Listing  SOLVE Problem Using L

Model Statistics SOLVE Problem Using LF
Solution Report  SOLVE Problem Using L

GAMS 24.1.2 r40979

General Algebraic Modeling Systenm
Execution

- 500 VARIABLE Z.L = 5.31206E+11 Objective Value

SAEE 500 VARIABLE X.L

Execution
= Display "
Table D(i,3) _ s A X A o o
$call =x1s2gms r=A75:AY91 i=C:\Data.xlsx o=pard.inc X
$include pard.inc L R e 15.000
: r2 .C24  44950.968
g L r3 .c22 94.000
r4 .C23 113.576

be less than or equal to the capacity of supplier point
of product p. The supply constraint (Constraint set (3))
indicates that the quantity of product , that is carried
by the truck , from supplier point ; to customer point j
must be greater than or equal to the amount of de-
mand of customer point (customer) j of its product ,

Truck capacity constraints are shown in statements
(4) and (5).
Xijk < Cap mask “4)
Xijk 2 Cap mink ®)
The constraint (4) indicates that the amount of
wood carried by truck , from supplier point ; to cus-
tomer point ; must be less than or equal to the maxi-
mum capacity of truck ,. Constraint (5) indicates that
the amount of wood transported by truck , from sup-
plier point ; to customer point ; must be greater than
or equal to the minimum capacity of truck ,, because
if this minimum capacity is not met, the cost of trans-
porting tons per kilometer will increase.

2.2.3 Model Implementation

Optimization of wood distribution and transporta-
tion was done in the form of road transportation. It is
noteworthy that the number of loads and distance
traveled were calculated in the two modes - using the
maximum loading capacity and the average loading
capacity, and that the cost of ton-kilometer road trans-
port in these two modes is equal and only the number

Option Lp = Cplexd
SOLVE Transportation Problem using LP minZ
DISPLAY Z.X,
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of loads and distance traveled has changed. The same
pattern was present in wood transportation before op-
timization.

3. Results

In this section, the results obtained are shown in
the mathematical model presented in chapter 2 using
data obtained from companies. The model was imple-
mented for a one-year planning horizon in which the
optimal distribution and transportation of wood in
two modes of using the maximum loading capacity
and the average loading capacity has been calculated.

Models are evaluated by determining the total cost
of transportation. This cost is supplier based on opti-
mal product distribution, selection of suitable truck,
truck routing and use of optimal truck capacity.

Fig. 2is a sample in product group distribution map.
It shows the supplier and customer points for beams.

Fig. 2 Optimal Beams distribution map in Iran

Table 2 Total shipping capacity of each type of wood in Iran (Anon.

2016)
Supplier Tonnage used | Total capacity of
Product group capacity, by the supplier the supplier
ton points, ton points, ton
Logs 1,055,002 458,661 1,513,663
Lumber types 864,438 277,858 1,142,296
Industrial
581,268 277,993 859,261
wooden sheets
Cants 175,897 95,270 271,167
Wood fuels 61,267 60,444 121,712
Charcoals 52,504 21,757 74,261
Beams 43,178 8091 51,269
Total 2,833,554 1,200,074 4,033,628
Legend:
@  Supplier points
®  Customer points
Birjand /
20 10 0 200 40 SO 800 km
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3.1 Transportation of Wood After Optimization
with Maximum Loading Capacity

Table 3 shows the results of road transport optimi-
zation of various types of raw wood after optimization
if the maximum loading capacity is used. The third
column shows the number of times in the conditions
of using the simplex model and the percentage of its
reduction compared to the real conditions. Under
these conditions, the total number of loads decreases
by 29.04%. The fourth column shows the distance trav-
eled by the truck in the conditions of using the simplex
model and the percentage of reduction of the distance
compared to the real conditions, which is reduced by
43.42% in total. The fifth column shows the cost of
transportation using the simplex model and the per-
centage of cost reduction compared to the actual situ-
ation. In this case, the total cost is 21.53% less than the
real situation.

Optimized accumulated distance traveled using
the simplex model for different types of wood are
shown in Fig. 3.

3.2 Transportation of Wood After Optimization
with Average Loading Capacity

Table 4 shows the results of road transportation
optimization of raw wood after optimization if the
average loading capacity is used. The third column
shows the number of times in the conditions of using
the simplex model and the percentage of its reduction
compared to the real conditions. Under these condi-
tions, the total number of loads decreases by 10.12%.
The fourth column shows the distance traveled by the
truck in the conditions of using the simplex model and
the percentage of reduction of the distance compared
to the real conditions, which is reduced by 29.54%. The

fifth column shows the cost of transportation using the
simplex model and the percentage of cost reduction
compared to the actual situation. In this case, the total
cost is 21.53% less than the real situation.

3.3 Loading Displacement Tonnage Before and
After Optimization

Loading displacement tonnage before and after
optimization is shown in Table 5.

The pre- and post-optimization costs using the sim-
plex model for all transport methods are described in
Table 6. The second column shows the table of trans-
portation costs in real conditions, the third and fourth
columns show transportation costs using the average
loading capacity in terms of using the simplex model
and the percentage of reduction of transportation costs
compared to real conditions, which shows that it gen-
erally decreases by 21.53%. Columns 5 and 6 show the
transport costs using the maximum load capacity in
terms of using the simplex model and the percentage
of reduction of transport costs compared to the actual
conditions, which is reduced by 22.31%.

4. Discussion

Optimization can be done based on human experi-
ence, but this approach often leads to costly cases and
low performance errors. On the other hand, optimiza-
tion can be done using modern mathematical tools
that can achieve very successful results depending on
the computational power of the model used (Kons et
al. 2020). In our opinion the optimization results of this
research show that, by using the simplex optimization
model presented in this research, an average reduction
of 21.53% to 22.3% in the total cost can be achieved.

Table 3 Results of road transport optimization of raw wood after optimization — maximum loading capacity

Wood type Tonnage, ton Number of loads . Distance travelled, k.m Cost, 000s Euro .
(percentage of reduction) | (percentage of reduction) |  (percentage of reduction)
Logs 1,055,006 54,684 (33.28%) 30,625,008 (41.01%) 15,693.63 (8.76%)
Lumber types 863,006 36,478 (16.80%) 24,758,076 (35.93%) 14,190.67 (31.66%)
Industrial wooden sheets 581,273 27,232 (24.47%) 9,794,202 (50.90%) 6184.14 (31.44%)
Cants 175,900 8236 (12.90%) 5,307,510 (21.18%) 3027.99 (5.46%)
Wood fuels 60,870 3009 (51.04%) 2,216,449 (62.35%) 1080.20 (19.98%)
Charcoals 52,508 3446 (61.72%) 1,575,612 (79.16%) 815.74 (38.58%)
Beams 42,884 1860 (49.72%) 1,076,568 (56.65%) 599.74 (10.69%)
Total 2,831,447 134,945 (29.04%) 75,353,425 (43.42%) 41,592.10 (22.31%)
318 Croat. j. for. eng. 43(2022)2
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Wood fuels

Charcoals

I Before optimization

i Optimal transport using average loading capacity
[ Optimal transport using maximum loading capacity

Cants

Wood type

Industrial wooden sheets

Tﬂ“f

Lumber types __

Beams

10,000,000

20,000,000

30,000,000

40,000,000

Distance traveled, km

Fig. 3 Comparison of distance traveled before and after optimization

Table 4 Results of road transport optimization of raw wood after optimization - average loading capacity

50,000,000

Wood type Tonnage, ton Number of loads ‘ Distance travelled, k.m Cost, 000s Euro .
(percentage of reduction) (percentage of reduction) (percentage of reduction)

Logs 1,055,006 71,067 (13.29%) 38,858,683 (25.15%) 15,852.15 (7.84%)
Lumber types 863,006 44,359 (-1.18%) 29,746,898 (23.02%) 14,334.01 (30.97%)
Industrial wooden sheets 581,273 33,690 (6.56%) 11,934,927 (43%) 6246.60 (30.75%)
Cants 175,900 10,293 (-8.85%) 6,664,395 (1.03%) 3058.57 (4.50%)
Wood fuels 60,870 4418 (28.12%) 3,157,369 (46.37%) 1091.11 (19.17%)
Charcoals 52,508 4763 (47.10%) 2,128,032 (71.86%) 823.98 (37.96%)
Beams 42,884 2327 (37.09%) 1,349,349 (45.67%) 605.80 (9.78%)
Total 2,831,447 170,917 (10.12%) 93,839,653 (29.54%) 42,012.22 (21.53%)

Table 5 Loading displacement tonnage before and after optimization

e Beam, ton Lumber type, ton TR ORI Cants, ton Charcoal, ton | Wood fuel, ton Log, ton

type sheets, ton

Loading

ype Before | After | Before | After Before After | Before Before | After | Before | After | Before | After
K1 4 0 2 0 2 1 22 21 1 0 1 1 0 0
K2 8 4 3150 3157 | 10,200 | 10,200 | 8270 8301 | 3560 | 3576 | 405 | 403 | 12,000 | 11,001
K3 878 884 1610 1625 1271 1275 19 17 7040 | 7249 | 990 | 989 | 7000 6947
K4 121,650 21,637 | 27,637 | 27,623 | 76,800 | 76,801 | 7000 7011 | 8507 | 8529 | 5824 | 5822 | 321,026 | 322,064
K5 120,360 | 20,359 | 96,729 | 96,723 | 35500 | 35494 | 7090 7019 |21,000| 24,319 | 53,212 53,216 | 315,000 | 315,007
K6 [42,867 | 42,884 | 735,310 | 735,311 | 457,500 | 457,503 | 153,500 | 153,533 | 12,400 | 8835 | 450 | 451 | 400,000 | 400,007
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Table 6 Comparison of transportation costs before and after optimization

Transportation cost | Optimal transport using average loading capacity Optimal transpori:;;ncg:t;naximum loacing
Wood type before Optimization
000s Euros Cost, 000s Euros FERENEEI B Cost, 000s Euros RO

' reduction ' reduction
Lumber types 20,765.31 14,334.01 30.97% 14,190.67 31.66%
Logs 17,201.31 15,852.15 7.84% 15,693.63 8.76%
Industrial wooden sheets 9020.38 6246.60 30.75% 6184.14 31.44%
Cants 3202.73 3058.57 4.50% 3027.99 5.46%
Wood fuels 1349.93 1091.11 19.17% 1080.2 19.98%
Charcoals 1328.11 823.98 37.96% 815.74 38.58%
Beams 671.50 605.80 9.78% 599.74 10.69%
Total 53,639.28 42,012.22 21.53% 41,5921 22.31%

This reduction in total cost can be attributed to deci-
sions related to the optimal distribution of wood,
elimination of intermediate points and direct delivery
of timber from suppliers to customers, determination
of transportation routes and proper selection of truck
type supplier based on cargo tonnage, as shown in the
study of Gagliardi et al. (2020) on forwarder load ca-
pacity. Improper distribution of wood in real condi-
tions has increased both the length of the transporta-
tion route and transportation costs. Also, in real
conditions, due to improper selection of the truck, its
minimum capacity is not met, while the minimum ton-
nage required for the truck is paid, which will increase
the overall transportation cost. GAMS software output
showed that, in the selection of truck, in addition to
cargo tonnage, the transport distance factor can also
contribute to the management of transportation costs,
so that the selection of large trucks for long distances
and small trucks for shorter distances is effective in
reducing transportation costs (Malladi et al. 2018).
They also suggest that using larger trucks for longer
transportation and smaller trucks for shorter distances
can save costs, and that direct biomass delivery from
suppliers to customers can save costs. In the research
model, in the conditions of using the maximum allow-
able capacity of the truck, there is a 29.04% reduction
in the number of trips and a 43.42% reduction along
the transportation route; therefore, it is in line with our
goals, which is to provide an optimal pattern of distri-
bution and transportation. However, in the conditions
of using the average capacity of the truck, there is a
10.12% decrease in the number of trips and a 29.54%
decrease along the transportation route compared to
the real conditions. Kogler and Rauch examined the
permits granted to increase the tonnage of truck trans-

port as a potential means of reducing the number of
trips of timber trucks, with coordinated working time.
The results showed a 6% reduction in the number of
truck trips if the tonnage changed from the low to the
middle, and if the tonnage changed from the bottom
up, the number of truck trips could be reduced by up
to 10% (Kogler and Rauch 2020). Due to the fact that,
in the mathematical formula of the research simplex
model, the two parameters of distance and cargo
weight are completely and directly related to the
amount of freight, truck freight rates are slightly dif-
ferent in these two research models, but ultimately the
total shipping costs Transportation is less in terms of
using the maximum capacity of the truck. The maxi-
mum allowable capacity of the truck is for the driver
because most truck drivers are looking for heavier
loads over longer distances to make more profit. Un-
der these conditions, transportation efficiency has in-
creased, which has a positive effect in terms of cost,
CO, emissions, carbon footprint, manpower needs and
road traffic (Eriksson et al. 2014, Mederski et al. 2021,
Ranta and Rinne 2006). Conversely, the conventional
transportation system is in the interest of transporta-
tion companies due to their higher productivity (Han
et al. 2018). It is noteworthy that, due to the fact that a
minimum loading capacity has been specified for each
type of truck, in case of loading with less tonnage, the
full cost of the minimum load (base price) will be paid
and this will cause loss to the customer. Insurance,
maintenance, fuel, tire, driver salaries and benefits are
some of the factors that, in addition to affecting the
cost per ton-kilometer, have led to a minimum load.
However, in addition to the two main parameters of
distance and weight of cargo, there are other items
that, although not visible, contribute to the final profit,
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such as fuel consumption, oil consumption, tires, in-
surance, driver salaries, repairs, maintenance, car de-
preciation and price reduction due to the increased life
of the truck. If the timber transportation system is
properly analyzed, optimization can reduce supply
costs and help supply these raw materials at a more
competitive price (Laitila et al. 2016).

5. Conclusions

This research focused on the optimal distribution
of wood on a very large scale. Optimizing road trans-
port routes and determining the most appropriate
type of truck on these routes as the output of GAMZ
software, reduces transportation costs. Reducing
transportation costs will in turn dwindle the cost of
wood and wood products. To achieve this goal, linear
programming — transportation simplex model was
studied and this model was applied in Iran for a pe-
riod of one year. The results showed a significant re-
duction in the cost of distribution of wood in the coun-
try's transportation network. During the use of this
model, it was found that, in addition to the optimal
distribution and determination of appropriate wood
transportation routes, the optimal use of the capacity
of each type of truck, according to the tonnage of wood
demand can also be effective in reducing transporta-
tion costs. In addition, this optimization can reduce the
negative environmental effects by reducing fuel use in
addition to achieving economic goals. A variety of
models and algorithms are presented annually around
the world to optimize distribution and transportation
in the forest industry. Many of these models, despite
their success, remain at the research level due to the
complexity and inflexibility of the initial requirements
so they are not used by companies. The advantages of
this model are simplicity, flexibility of the model to
change the time period and simultaneous use of other
transportation methods such as rail and water, as well
as the application of this model in small to very large
spatial levels.

To use this model in other areas of supplier and
customer distribution points, shipping capacity and
demand of each customer, types, number and capac-
ity of trucks available in each source in the desired
time period and connection distance between all sup-
ply and demand centers are required.
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