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ABSTRACT 

Most of the transportation models developed have 

focused on formulating and solving transportation 

problems for a single product to determine its 

optimal scheduling pattern. In a multiproduct 

distribution network with product specific 

constraints on supply, demand and logistics cost, 

solving the corresponding transportation problem 

shows what the distribution cost and the optimal 

shipping pattern for each product would be from 

the sources to destinations. In this paper, we 

attempt to develop a multiproduct transportation 

model using the conventional linear programming 

approach. A case study of a multiproduct 

petroleum distribution network has been analyzed 

and solved based on the model developed. All the 

instances of the case are implemented with MPL 

modeling system running CPLEX as solver. 

 

Keywords: Transportation problem; Multi-

product; Optimization. 

 

I. INTRODUCTION 
The transportation model is a special class of 

linear programming problem that deals with 

shipping any commodity from a group of supply 

locations, called sources, to a group of receiving 

locations, called destinations. The distribution of 

goods from different sources to different 

destinations involves parameters such as the 

quantities available at the sources, the 

requirements at each of the destinations, the cost 

of shipping along each route and the availability 

of a route between certain sources and 

destinations. Given the nature of business 

situations, the distribution network involved and 

the resource allocation required, the general 

transportation problem [1] has been widely used 

to determine the efficient transportation routes or 

the optimal shipping pattern that minimizes the 

total distribution cost while fulfilling the supply 

and demand limits. The scope and application of 

the basic model can be extended to seek solutions 

to the problems of production scheduling, 

transshipment, personnel assignment, inventory 

control, and management of funds over different 

time periods. 

The traditional transportation problem – the linear 

programming formulation of the model – was 

initiated by Hitchcock [1]. Studies in the 

following years focused on developing solutions 

of various transportation problems [2-6]. These 

include the application of simplex method by 

followed by the stepping stone method proposed 

by Charnes and Cooper [7]. An alternative way to 

find an optimal solution called the modified 

distribution method was developed by Reinfeld 

and Vogel [8]. The northwest corner method and 

a few other methods came into use to find an 

initial basic feasible solution to a transportation 

problem. 

The traditional transportation model dealt with 

the real world problems with the primary 

objective of minimizing transportation costs. 

There are some basic assumptions regarding the 

general cum traditional transportation problem 

found in literatures [9-13]. These are summarized 

in the following points: 

1. Each source can supply a fixed amount 

of units, where this entire supply must be 
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shipped to the destinations. Similarly, 

each destination has a fixed demand for 

units, where this entire demand must be 

received from the sources. 

2. For a transportation problem to have a 

feasible solution there needs to be a 

balance between the total supply and 

total demand – meaning the distribution 

network is devoid of any leeway in the 

amount of units to be supplied and 

received. 

3. The cost of shipping units from any 

particular source to any particular 

destination is directly proportional to the 

number of units shipped. However, the 

shipping cost per unit is the same 

irrespective of the number of units 

shipped. 

4. A single commodity is transported – the 

distribution network involves a 

homogeneous product. 

5. Only one route is used for distribution 

between each source and destination. 

During the course of developments from earlier 

studies, many studies revolved around these basic 

characteristics and assumptions for solving 

transportation problems. The parameters of a 

transportation model were yet to receive special 

attention in model formulation for real world 

problems. Lee and Moore [14] showed the 

application of goal programming approach to 

optimize transportation problems with multiple 

objectives, which was followed by Aneja and 

Nair‟s [15] proposal of a bicriteria transportation 

problem. 

The traditional transportation problem imposes 

some limitations in handling the real world 

problems because it was initially formulated for a 

single homogeneous product. For example, a 

transportation problem may involve multiproduct 

distribution network with either dependent or 

independent products. The multiproduct 

distribution is often encountered in pipeline 

systems in case of transportation of crude and 

refined variants of oil products. The products may 

be dependent or independent of one another based 

on constraints of supply, demand, storage 

capacity, transportation cost, and other relevant 

factors. 

Despite the major advances in the field, most part 

of the study has been concentrated on formulating 

and solving transportation problems for single 

product. With product specific constraints on 

supply, demand, logistics cost, and so forth, 

solving the corresponding transportation problem 

for a multiproduct distribution network show 

what the distribution cost and the optimal 

shipping pattern for each product would be from 

the sources to destinations. Cost remains an 

important model parameter and it could be 

product specific. The solution technique applied 

to such a problem should be capable of treating 

multiple products and assessing the complexity 

they impose on the objective function set with 

single or multiple criterion. This paper attempts to 

formulate a multiproduct transportation model, 

backed with a case study of a refined oil supply-

demand network. The conventional linear 

programming approach is used to formulate the 

model. 

The paper has been organized as follows: The 

first section dealt with some discussions on early 

literature reviews, assumptions of general 

transportation problem, some major advances in 

the field, and problem definitions. Section 2 

presents a mathematical model. Section 3 

discusses the application of the proposed model 

with a case study of apetroleum distribution 

network. Results and discussions of the case 

study are presented in section 4, and section 5 

contains the conclusions of this paper. 
 

II. MATHEMATICAL MODEL 
Consider a distribution network involving 

transportation of k (k = 1, 2, …,p) variants of 

products over links (i, j). The supply locations are 

the m sources each of which supplies A𝑖
𝑘(i = 1, 2, 

…,m) units of particular product k. Similarly, the 

receipt locations comprise n destinations each of 

which demands B𝑗
𝑘  (j = 1, 2, …,n) units. The 

numbers A𝑖
𝑘  and B𝑗

𝑘  are positive integers. 

Underlying one of the assumptions 

aforementioned – no leeway in the quantity of 

products supplied and received – the total supply 
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and total demand are equal. This becomes a case 

of balanced transportation problem; that is, 

  A𝑖
𝑘

𝑚

𝑖=1

𝑝

𝑘=1

=    B𝑗
𝑘

𝑛

𝑗=1

𝑝

𝑘=1

 

The cost C𝑖𝑗
𝑘  of transporting one unit of product k 

from the ith source to the jth destination is given 

for each interconnecting route. Let X𝑖𝑗
𝑘  represent 

the units of product k to be shipped from source i 

to destination j. Thus an arc connecting source i 

to destination j carries three pieces of 

information: (1) the product k being transported, 

(2) the transportation cost per unit of the 

particular product, C𝑖𝑗
𝑘 , and (3) the quantity of 

specific product shipped, X𝑖𝑗
𝑘 . The objective is to 

develop an optimal shipping pattern for all 

products under consideration that minimizes the 

total transportation cost. 

Using the notation introduced above, the multi-

product transportation model (MPTM) can be 

formulated as follows: 

MPTM: 

Minimize: Z =    C𝑖𝑗
𝑘

𝑛

𝑗=1

𝑚

𝑖=1

𝑝

𝑘=1

X𝑖𝑗
𝑘                     (1) 

Subject to:   X𝑖𝑗
𝑘 =  A𝑖

𝑘

𝑛

𝑗=1

𝑝

𝑘=1

∀ 𝑘, 𝑖, 𝑗         (2) 

  X𝑖𝑗
𝑘 =  B𝑗

𝑘

𝑚

𝑖=1

𝑝

𝑘=1

∀ 𝑘, 𝑖, 𝑗         (3) 

X𝑖𝑗
𝑘  ≥ 0                         ∀ 𝑘, 𝑖, 𝑗         (4) 

 

In the model, both the objective function and the 

constraints have a linear relationship. The 

objective function (1) is to minimize the total 

logistics cost for shipping all products. Within the 

same source and distribution, the cost parameter 

can vary depending on products concerned. 

Constraint (2) defines the supply restrictions at 

the sources, while constraint (3) is the demand 

restrictions at the destinations. These two 

constraints ensure that every available supply of 

each product at the sources are shipped to meet 

the minimum demands at the destinations. 

Constraint (4) defines the integral nonnegativity 

conditions. Modeling this problem yields (p × m × 

n) decision variables with the total number of 

constraints including the nonnegativity 

constraints as [(p × m) + (p × n) + (p × m × n)]. 

As per requirement, additional case specific 

constraints may be added to the model. Typical 

examples include the constraints imposed due to 

storage capacity restrictions at destinations, or the 

addition of new mode oftransportation links 

connecting particular source and destination 

nodes in the network. 

 

III. THE MPTM – A CASE EXAMPLE 
In business industries the final price of any 

commodity or product depends on its 

transportation cost, making the optimization of 

transport scheduling a problem of extreme 

relevance and importance. By nature, the 

petroleum sector is one of those industries that 

involves large quantities of varieties of products 

to be shipped over long distances, as a result of 

which the annual transportation cost exceeds 

billions of dollars. In order to demonstrate an 

application of the proposed model in the analysis 

of real world transportation problem that involves 

multiproduct, the following case study has been 

put forward. It considers a simplified network of 

an actual supply-demand distribution network of 

independent refined petroleum products. 

Nepal Oil Corporation (NOC) is a state-owned 

petroleum trading monopolist responsible for the 

import, transportation, storage and distribution of 

various petroleum products in the country [16]. 

NOC, through its receipt locations, imports 

refined petroleum products from the depots and 

terminals of its sole vendor Indian Oil 

Corporation (IOC). NOC‟s yearly total purchase 

of refined oil products from IOC supply locations 

accounts to over 2 million kiloliters, which 

amounts to over $1.7 billion. The yearly 

transportation cost for refined petroleum products 

alone accounts for about 3% of the total 

transaction. 

The transportation cost between each supply 

location (source) and each demand location 

(destination) is fixed by NOC considering several 

factors such as mileage of oil tanker (OT), capital 

cost of OT and its depreciation, calibration cost, 

interest cost, etc. Compared to other fixed factors, 

mileage of OT contributes substantially to the 
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total transportation cost, and depends on the 

distance cum road geometry between source and 

destination and the fluctuating price of diesel. So 

the transportation cost for a particular route is 

directly influenced by the change in price of 

diesel and the total transportation cost of the 

network by the total distance shipping takes 

place. For this study purpose, the objective is to 

determine the total kiloliters of petroleum 

products to be shipped from each IOC source to 

each NOC destination that minimizes the total 

distance the products must be transported. In 

other words, we aim to propose an optimal 

distribution schedule that along with minimizing 

the total transportation cost can also minimize the 

product losses during transportation. However, 

the impact and fulfilment of the issue regarding 

product losses has not been considered in this 

study. 

The products considered include High Speed 

Diesel (HSD), commonly known as „diesel‟, 

Motor Spirit (MS), commonly known as „petrol‟ 

and Aviation Turbine Fuel (ATF). Statistics of 

2017 reveal that HSD, MS and ATF make up 

about 69%, 21% and 9% respectively of the total 

purchase of petroleum products from IOC [16]. 

The rest 1% is that of Superior Kerosene Oil 

(SKO), commonly known as „kerosene‟; owing to 

its limited contribution, it has not been considered 

in this study. 

The IOC sources are eight in number based on 

their locations; these include: Siliguri, Barauni, 

Raxaul, Baitalpur, Mughalsarai, Gonda, 

Allahabad and Banthara. The sources are labelled 

S1 to S8 respectively. Out of these, only Siliguri 

and Raxaul supply all three products; Barauni, 

Baitalpur, Gonda and Banthara supply only HSD 

and MS; Mughalsarai supplies only HSD, while 

Allahabad supplies only ATF. On the destination 

side, NOC‟s receipt depots are distributed based 

on locations and the products they purchase. After 

receipt from an IOC source to a primary NOC 

depot, stock transfer is the usual mode of 

distribution between a few NOC depots. To 

simplify the problem, the distribution of NOC 

destinations is made location wise such that the 

purchase of all three products in some depots is 

made in the same location. The NOC destinations 

include: Charali, Biratnagar, Janakpur, Birgunj, 

Amlekhgunj, Kathmandu, Pokhara, Bhairahawa, 

Nepalgunj and Dhangadhi. The destinations are 

labelled D1 to D10 respectively. Out of these, 

Charali, Janakpur, Birgunj and Amlekhgunj 

purchase only HSD and MS, while the rest 

receive all three products. The location of sources 

and destinations are shown in Fig 1. 

 
Fig 1. IOC sources (red) and NOC destinations 

(blue) 

The data pertaining to the quantity of different 

petroleum products transported are taken from the 

year 2017. These data are provided by NOC‟s 

Supply and Distribution Department. The raw 

data is detailed and includes the day-to-day 

quantity (in kiloliter) of products purchased from 

IOC sources by NOC destinations. The monthly 

total purchase is computed from the raw day-to-

day data for all twelve months, and then the 

yearly total quantity purchased within each route 

is calculated. A raw data comprises an OT 

carrying a specific quantity of product between a 

particular source and destination. A couple outlier 

purchases such as a total of 300 kl MS from 

Mughalsarai to Bhairahawa in April and May and 

a total of 60 kl ATF from Raxaul to Birgunj in 

June and September have been left out. 

Due to lack of a detailed record-keeping system, 

some of the purchase data associated with some 

destinations and a specific products in particular 

depots were not found. These data were not 

missing but instead were merged into the records 

of a nearby depot location. To account for this, 

upon consultation with the officials from NOC‟s 

concerned department, such data have been 

supplemented for particular depots and/or 

products with the appropriate yearly sales record 

from the respective NOC depots. However, the 

use of such supplementary sales data is limited to 
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only two locations: purchase of HSD and MS in 

Charali and ATF in Bhairahawa. Figure 2 shows 

the existing simplified, base distribution network 

with supply and demand quantities of HSD, MS 

and ATF respectively. 

 
Fig 2. Base distribution network with quantities 

of supply and demand for all products 

NOC has fixed the distance between current 

supply-receipt routes in terms of R.T.KM (round 

trip kilometer), and based on this parameter the 

contribution of mileage to the total logistics cost 

has been worked out. The drawback of R.T.KM is 

that it was fixed some decades ago and its 

numerical figures associated with several routes 

may be outdated and questionable from technical 

aspects. Also the R.T.KM data have been fixed 

only for the current supply-demand network 

routes, and are not available for each supply-

demand node. So instead of using the R.T.KM 

data we opted to use the standard node to node 

distance with the aid of Google Maps. In the 

network, the distances between a particular source 

and destination depot are same for transporting all 

products within the route. Table 1 enlists the 

distances between all sources and destinations. 

Each kilometer a kiloliter of oil is shipped is 

defined as kiloliter-kilometer (kl-km). The 

objective here is to determine the total kiloliters 

of petroleum products to ship from each source 

depot to each destination depot so as to minimize 

the total number of quantity-distance (kl-km) oil 

must be transported. In other words, if mileage 

can be optimized by optimizing the total distance 

the oil products undergo transportation in the 

network, then the total logistics cost can be 

minimized. The base scenario or the existing 

supply-demand network is summarized in table 2. 

Table 1. Distances in km between sources and 

destinations 

 
The preceding MPTM is implemented for the 

aforementioned base scenario using MPL 

(Mathematical Programming Language) modeling 

system. MPL is an advanced algebraic modeling 

platform that allows the model developer to 

formulate complex optimization problems [17-

18]. It presents the model in a clear, concise, and 

efficient way such that the problem becomes 

quicker to formulate, requiring less programming 

efforts. 

Solving the MPTM involves several tasks done 

automatically by MPL. These include checking 

the model syntax, parsing the model into memory, 

transferring the model to the solver (CPLEX in 

this case), retrieving the solution from the solver, 

and creating a solution file. Our model has 240 

variables and 294 constraints. MPL found an 

optimal solution for the model under 11 iterations 

in Phase 1 and 30 iterations in total. The solution 

file contains various elements of the model such 

as the optimal value of the objective function, the 
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activity and reduced costs for the decision 

variables, and the slack and shadow prices for the 

constraints. The solution time for the MPTM was 

0.01 sec, yielding the results presented in table 3.

 

Table 2. Quantity of supply-demand for HSD, MS and ATF in 'base scenario' distribution network 

 

Node S1 S2 S3 S4 S5 S6 S7 S8 Total (kl) 

D1 

69,281 0 0 0 0 0 0 0 69,281 

23,262 0 0 0 0 0 0 0 23,262 

0 0 0 0 0 0 0 0 0 

D2 

3,498 192,732 0 0 0 0 0 0 196,230 

14,260 42,200 0 0 0 0 0 0 56,460 

5,840 0 0 0 0 0 0 0 5,840 

D3 

0 54,188 15,396 0 0 0 0 0 69,584 

0 26,664 2,740 0 0 0 0 0 29,404 

0 0 0 0 0 0 0 0 0 

D4 

0 0 88,428 0 0 0 0 0 88,428 

0 0 18,464 0 0 0 0 0 18,464 

0 0 0 0 0 0 0 0 0 

D5 

0 147,940 204,053 0 0 0 0 0 351,993 

0 31,020 20,981 0 0 0 0 0 52,001 

0 0 0 0 0 0 0 0 0 

D6 

0 65,980 149,075 0 0 0 0 0 215,055 

0 67,160 88,405 0 0 0 0 0 155,565 

6,200 0 168,155 0 0 0 0 0 174,355 

D7 

0 0 58,136 0 0 0 0 0 58,136 

0 8,880 15,392 0 0 0 0 0 24,272 

0 0 1,944 0 0 0 0 0 1,944 

D8 

0 0 0 176,948 27,780 0 0 0 204,728 

0 0 0 47,684 0 0 0 0 47,684 

0 0 2,509 0 0 0 0 0 2,509 

D9 

0 0 0 0 0 156,080 0 0 156,080 

0 0 0 0 0 29,492 0 0 29,492 

0 0 0 0 0 0 7,380 0 7,380 

D10 

0 0 0 0 0 0 0 73,636 73,636 

0 0 0 0 0 0 0 15,896 15,896 

0 0 0 0 0 0 1,700 0 1,700 

Total (kl) 

72,779 460,840 515,088 176,948 27,780 156,080 0 73,636 1,483,151 

37,522 175,924 145,982 47,684 0 29,492 0 15,896 452,500 

12,040 0 172,608 0 0 0 9,080 0 193,728 
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Table 3. Quantity of supply-demand for HSD, MS and ATF in „optimized scenario' distribution network 

 

Node S1 S2 S3 S4 S5 S6 S7 S8 Total (kl) 

D1 

69,281 0 0 0 0 0 0 0 69,281 

23,262 0 0 0 0 0 0 0 23,262 

0 0 0 0 0 0 0 0 0 

D2 

3,498 192,732 0 0 0 0 0 0 196,230 

14,260 42,200 0 0 0 0 0 0 56,460 

5,840 0 0 0 0 0 0 0 5,840 

D3 

0 69,584 0 0 0 0 0 0 69,584 

0 29,404 0 0 0 0 0 0 29,404 

0 0 0 0 0 0 0 0 0 

D4 

0 88,428 0 0 0 0 0 0 88,428 

0 18,464 0 0 0 0 0 0 18,464 

0 0 0 0 0 0 0 0 0 

D5 

0 51,960 300,033 0 0 0 0 0 351,993 

0 52,001 0 0 0 0 0 0 52,001 

0 0 0 0 0 0 0 0 0 

D6 

0 0 215,055 0 0 0 0 0 215,055 

0 9,583 145,982 0 0 0 0 0 155,565 

6,200 0 168,155 0 0 0 0 0 174,355 

D7 

0 58,136 0 0 0 0 0 0 58,136 

0 24,272 0 0 0 0 0 0 24,272 

0 0 1,944 0 0 0 0 0 1,944 

D8 

0 0 0 176,948 27,780 0 0 0 204,728 

0 0 0 47,684 0 0 0 0 47,684 

0 0 2,509 0 0 0 0 0 2,509 

D9 

0 0 0 0 0 156,080 0 0 156,080 

0 0 0 0 0 29,492 0 0 29,492 

0 0 0 0 0 0 7,380 0 7,380 

D10 

0 0 0 0 0 0 0 73,636 73,636 

0 0 0 0 0 0 0 15,896 15,896 

0 0 0 0 0 0 1,700 0 1,700 

Total (kl) 

72,779 460,840 515,088 176,948 27,780 156,080 0 73,636 1,483,151 

37,522 175,924 145,982 47,684 0 29,492 0 15,896 452,500 

12,040 0 172,608 0 0 0 9,080 0 193,728 
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IV. RESULTS AND DISCUSSION 

Comparisons are made between the base scenario 

and optimized scenario in terms of three 

parameters: quantity distance (kl-km), R.T.KM 

and transportation cost. Data pertaining to the 

available transportation routes for the latter two 

parameters are obtained from NOC for analysis of 

results. The results are summarized in table 4. 

 

Table 4. Summary of results 

SN Comparison Scenario HSD MS ATF Total 

1 Kl-km 

Base 274,007,894 109,702,563 54,663,799 438,374,256 

Optimized 271,113,446 109,187,443 54,663,799 434,964,688 

Difference -1.06% -0.47% 0.00% -0.78% 

2 R.T.KM 

Base 588,179,204 229,499,778 109,958,914 927,637,896 

Optimized 585,063,900 229,064,574 109,958,914 924,087,388 

Difference -0.53% -0.19% 0.00% -0.38% 

3 
Transportation 

Cost (NRs) 

Base 2,563,811,434 963,539,842 442,455,520 3,969,806,796 

Optimized 2,535,353,810 955,535,832 442,455,520 3,933,345,162 

Difference -1.11% -0.83% 0.00% -0.92% 

 

The following observations are made upon 

comparison of the base and optimized distribution 

network: 

1. The optimized distribution schedule is 

found different for products HSD and 

MS, but that for ATF remained the same. 

For all products, a total of 37 routes (15 

for HSD, 15 for MS and 7 for ATF) are 

found in the existing case, while the 

optimized network proposes only 32 

routes (13 for HSD, 12 for MS and 7 as 

it is for ATF). Furthermore, the 

optimized network suggests changes in 

the quantity of supply-demand for a total 

of 20 routes.  

2. The major change in distribution 

schedule is found for two source depots 

(Barauni and Raxaul) and five 

destination depots (Janakpur, Birgunj, 

Amlekhgunj, Kathmandu and Pokhara). 

The network pattern remains the same 

for all other sources and destinations 

after optimization. 

3. The total quantity-distance for HSD is 

optimized from 274,007,894 kl-km to 

271,113,446 kl-km (a 1.06% decrease) 

and that for MS from 109,702,563 kl-km 

to 109,187,443 kl-km (a 0.47% 

decrease). In total, the total quantity- 

 

distance products are transported is 

optimized from 438,374,256 kl-km to 

434,964,688 kl-km, indicating an overall 

0.78% decrease. 

4. The total transportation cost in the base 

network is NRs. 3,969,806,796, while 

that after optimization is found to be 

NRs. 3,933,345,162, indicating a 

decrease of about NRs. 36 million. The 

decrease in transportation costs in the 

optimized network is found to be 1.11% 

for HSD, 0.83% for MS and 0.92% 

considering all products. 

 

V. CONCLUSION 

Most of the models formulated for transportation 

problems have concentrated on shipping a single 

product or commodity to optimize the distribution 

network. Cases arise when multiple products have 

to be transported along similar routes. In this 

paper, we proposed a multiproduct transportation 
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model along with a case study of an actual 

supply-demand network of refined petroleum 

products. The case was implemented, analyzed 

and solved with the MPL modeling system 

running CPLEX as solver. Comparisons, based on 

different parameters, were made between the base 

case and the optimized scenario. The influence of 

the optimization result on the total transportation 

cost varied for different products. Based on this 

and considering other situational constraints, 

management can decide the priority structure and 

distribution schedule of respective products that 

would help the organization minimize its 

transportation costs. The model and the case 

study presented here can be applied to other 

similar transportation and transshipment 

problems. 
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