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ABSTRACT 

Linear programming is a mathematical programming technique that provides the most convenient choice or 
the distribution among the various alternatives and the most efficient usage of limited resources to achieve a specific 
goal. 

Production planning is the process of decision-making to be able to produce in the required quality products 
by using existing resources rationally. 

In this study, emphasizing the importance of production and capacity planning to companies, the linear 
programming technique, one of the most used techniques to solve the problems in these areas is examined and the 
application of this technique is practiced in an industrial enterprise. In this study, using the demand forecast in line 
with the company’s data, linear programming model of annual production plan of products is formulated to maximize 
profit. Lindo software has been used to solve and analyze the model. Finally, some suggestions are examined according 
to results. 

Keywords: Production Planning, Capacity Planning, Optimization. 

1. PRODUCTION PLANNING 
Production planning is a process that provides better customer service, lower inventory, shorter lead times, 

stabilized production rates for the firm and allows top managers to better manage. This process is designed to 
coordinate the production and service activities needed to meet the demand. Through this planning process, firms can 
keep supply and demand in balance (Jacops and Chase, 2008:285). 

The process requires teamwork among sales, distribution and logistics, operations, finance, and product 
development (Jacops and Chase, 2008:285). While production activities are planning, information inputs are sought to 
create a plan that will work for all departments. Figure 1 lists inputs from each functional area. These inputs must be 
taken into account to ensure that the plan is a good one and also implementable. Such coordination helps synchronize 
the flow of services, materials, and information through the supply chain to best balance supply with customer demand 
(Krajewski et al., 2013: 514). 

There are two goals of production planning (Russell and Taylor, 2011:609): 
 Establishing a company-wide game plan for the distribution of  resources, and 
 Development of an economic strategy to meet demand. 

Principles to be followed in the preparation of a production plan are (Kobu, 2010:456):  
 Selection of the appropriate planning period, 
 Establishment of appropriate product groups, 
 Consideration of the constraining factors consciously.  

                                                           
1This paper is a part of master thesis advised by Tekin and written by Ekmekci (2015). 
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Figure 1.Managerial Inputs from Functional Areas to Sales and Operations Plans 

 
(Krajewski et al., 2013: 514) 

A production plan prepared according to these principles becomes a means to determine the output, the tools 
and the methods to control the production according to the plan, and the workload allocation pattern for the entire plant 
at certain time intervals (Kobu, 2010:456). 

Figure 2 contains the internal and external factors that form the production planning environment. Usually the 
external environment is outside the direct control of the production planner, but demand for product can be manged by 
some companies. Through cooperation between marketing and production management, promotional activities and 
price reductions can be used to create new demand when demand is low. On the contrary, during peak periods, 
promotional activities can be reduced and prices can be increased to increase revenue from products and services that 
the firm will operate at full capacity. However, these two options remain insufficient and limited in controlling demand. 
The production planner must create a production plan based on the sales projections and orders estimated by the 
marketing department and by modifying internal factors (Jacobs and Chase, 2008: 288-289). 

Figure 2. Required Inputs to the Production Planning System 

 
(Jacobs and Chase , 2008:289). 

When preparing production plans, there are three strategies that determine output rates and workforce levels. It 
is crucial to choose the most economical one. The strategies are explained below (Kobu,2010:460; Krajewski et al., 
2013:515):  

Chase Strategy: Output rate equals the demand and inventory level is zero. On the other hand, there are costs of 
setup, hiring and laying off employees for changing production rate. No inventory investment, overtime or undertime is 



 
 

International Symposium for Production Research 2017, 13 – 15 September 2017, Vienna 
 

245 

required to varify the regular time capacity of the workforce to equate supply to demand. The disadvantages of constant 
changes in the workforce level are expenses of adjusting workforce, the potential alienation of the workforce and the 
loss of productivity and quality. 

Level Strategy: The workforce level is kept constant throughout the planning period. It can vary its utilization 
to match the demand forecast via overtime, undertime and vacation planning. The differences between supply and 
demand may cause inventory holding cost or stockout cost. The advantage of this strategy is easy planning, zero setup, 
zero hiring and zero lay off costs. A constant workforce can be determined at many levels: Managers may prefer to have 
a large workforce to minimize overtime use during peak periods. Alternatively, they may prefer to have smaller 
workforce and go on a massive overtime during the peak periods.  

Mixed Strategy: This strategy is a compromise to balance the drawbacks of the first two strategies. The chase 
strategy is limited to just hiring and laying off employees. The level strategy is limited to overtime, undertime, and 
vacation schedules. The mixed strategy is open to all options, including part-time, subcontracting, backorder and 
stockout. 

2. CAPACITY PLANNING 
Capacity has some different desciriptions. While Jacops and Chase (2008:53) define capacity as “the ability to 

hold, receive, store, or accommodate”, it is defined as “the maximum level of value-added activity over a period of time 
that the process can achieve under normal operating conditions” by Slack et al. (2013:324).  

Capacity planning and control is the task of establishing the operation’s effective capacity in order to respond 
the demands. This is usually about deciding how to react to fluctuations in demand (Slack et al., 2013:324). 

3. LINEAR PROGRAMMING 
Linear programming is a mathematical programming technique that provides the most efficient use of limited 

resources to achieve a particular goal and the most appropriate choice or distribution among various alternatives. The 
term "linear" in this sense means that all functions in the model are linear while "programming" means choosing a mode 
of action or plan. The most important contribution of the linear programming models to the decision problems is that 
the activities adopt the system approach in terms of integrating the relations with the other elements (Özgüven, 2002:3; 
Büyükkeklik, 2007:30). 

The linear programming model has three basic components (Taha, 2007: 12): 
 Decision variables 
 The objective (goal) 
 Constraints 

The basic formulation steps of the linear programming models are given below (Büyükkeklik, 2007:38-40): 
1. Problem Identification 
2. Model Development 
3. Model Solution  
4. Evaluation of Model Solution Results 
5. Solution Implementation 

Sometimes it is inevitable for decision variables to have integer values in real life problems (Ulucan, 
2007:229). Integer programming is a linear programming model in which some or all of the variables take on integer 
values (Taha, 2007:349). 

Integer programing problems can also be classified as pure in which all decision variables must have integer 
values and mixed in which some, but not all, decision variables must have integer values according to problems 
(Balakrishnan v.d.; 2007:238). 

4. OPTIMIZATION PRACTICE IN AN INDUSTRIAL ENTERPRISE 
In this part of the study, the problem of 12 months training planning of Solimpeks Solar Energy Corp., which 

is involved in solar energy systems and renewable energy sector, has been dealed A. linear programming model has 
been formulated to solve the problem of Planar Collector production planning taking into account the constraints and 
objectives of the company. The formulated model has been solved by Lindo program and 12 months production plan 
has been made for Planar Collector production. Finally, the solution results of the model have been evaluated 

 
 
 
 



 
 

N.Ekmekci, M. Tekin 
 

246 

4.1. PROBLEM IDENTIFICATION  
Observations at the company, interviews with the sales and production departments, and general manager have 

showed that the production of Planar Collector group had been made intuitively. For this reason, it has been decided to 
model the production plan by linear programming. 

The previous period data of the company and the data of the future projections have been examined and the 12 
month-production plan of the 3 products in the Planar Collector group has been optimized by the linear programming 
model. 

Production planning modeling has been carried out for the period September 2015 - August 2016. The data of 
cost, profit and capacity of the company to be used in the production plan optimization have been taken from the 
company. 12 month-demand projections have been obtained by examining the previous demand data and revised by the 
company managers.  
4.2. DATA OF THE COMPANY  

Company produces three different types of planar collectors called as A, B and C. Unit sale prices, unit costs 
under regular work hours and with overtime, unit profits under regular work hours and with overtime, and monthly unit 
inventory costs of these products are given in Table 1 below. 

Table 1. Price, Cost and Profit Data of the Collectors  

Type Unit Sale 
Price 

Unit 
Production 
Cost under 

Regular 
Work Hours 

Unit Profit 
under 

Regular 
Work Hours 

Unit 
Production 
Cost with 
Overtime 

Unit Profit 
with 

Overtime 

Unit 
Inventory 

Cost 
(monthly) 

Collector A  195,00 TL   115,00 TL   80,00 TL   145,00 TL   50,00 TL   2,00 TL  
Collector B  170,00 TL   100,00 TL   70,00 TL   125,00 TL   45,00 TL   1,70 TL  
Collector C  145,00 TL   85,00 TL   60,00 TL   105,00 TL   40,00 TL   1,45 TL  

The unit production time and the unit storage area of the collectors A, B and C, and the total available storage 
area of the company are given in Table 2 below. 

Table 2. Unit Production Time, Unit Storage Area of the Collectors and Total Available Storage Area 

Type Unit Production Time 
(min) 

Unit Storage Area 
(m2) 

Total Available 
Storage Area (m2) 

Collector A 2 2,5 
35.000 Collector B 2 2,1 

Collector C 2 1,8 

 Information on monthly demand forecasts for each collector covering the period September 2015 to August 
2016 and monthly capacities under normal work hours and with overtime are given in Table 3 below. 

Table 3. Monthly Demand Forecasts for Each Collector and Capacity Values  

Months Collector A Collector B Collector C 
Total 

Demand 
Forecasts 

Capacity under 
Normal Work 
Hours  (min) 

Capacity with 
Overtime 

(min) 
Sept. 15 Month 1 2.160 940 680 3.780 11.100 4.305 
Oct. 15 Month 2 2.530 2.040 1.450 6.020 11.655 6.102 
Nov. 15 Month 3 2.020 3.030 1.860 6.910 11.655 4.992 
Dec. 15 Month 4 4.420 1.640 1.300 7.360 12.765 5.256 
Jan. 16 Month 5 3.470 3.230 360 7.060 11.100 5.415 
Feb. 16 Month 6 3.000 2.960 550 6.510 11.655 4.992 
Mar.16 Month 7 3.030 2.120 50 5.200 12.765 5.256 
Apr. 16 Month 8 2.220 1.750 360 4.330 11.655 5.547 
May.16 Month 9 2.070 2.140 20 4.230 12.210 5.679 
Jun. 16 Month 10 1.400 2.790 20 4.210 12.210 5.124 
Jul. 16 Month 11 1.770 1.310 210 3.290 9.435 7.239 

Aug. 16 Month 12 3.050 820 80 3.950 12.210 5.679 
Total 31.140 24.770 6.940 62.850 140.415 65.586 
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 The following informations are considered in modeling and solving the problem: 

 The initial inventory level for all products equal zero. 
 The operation is carried out in a single shift system and overtime is possible if necessary. 
 The company can stock excess production. 
 Machine stops for maintenance are ignored. 
 Official national holidays are considered when capacity is determined. 
 The data used in the problem are taken from the sources and tables of the company. 

 
4.3. LINEAR PROGRAMMING MODEL FORMULATION 

12 month-production planning optimization of 3 different Planar Collector types has been formulated by linear 
programming model. It has been aimed to maximize the profit to meet the demand. In order to achieve this goal, 
monthly production capacity constraints and stock capacity constraints have been considered, and revenue, cost, unit 
production time and unit storage area requirements have been taken into account. 

4.3.1. Notations of Decision Variables and Parameters  

Decision Varibales 

Xij: Production amount under normal work hours of product i (i=A,B,C) in the month j (j=1,2,3,…,12) 

Yij: Production amount with overtime of product i (i=A,B,C) in the month j (j=1,2,3,…,12) 

Iij: Inventory level of product i (i=A,B,C) at the beginning of month j (j=1,2,3,…,12) 

Parameters 

ni: Unit profit of product i (i=A,B,C) under normal work hours  

fi: Unit profit of product i (i=A,B,C) with ovwertime 

ci: Unit monthly holding cost of product i (i=A,B,C) 

Tij: Demand of product i (i=A,B,C) in the month j (j=1,2,3,…,12) 

ui: Uint production time of product i (i=A,B,C) in minutes 

Kj: Production capacity in minutes under normal work hours in the month j (j=1,2,3,…,12) 

Mj: Production capacity in minutes with overtime in the month j (j=1,2,3,…,12) 

si: Unit storage area of product i (i=A,B,C) (m2) 

D: Total Available Storage Area (m2) 

Pi: Annual demand of product i (i=A,B,C)  

4.3.2. Formulating Objective Function  

The objective function is obtained by subtracting the holding cost from the total profit, which is obtained from 
addition of profit under normal work hours and with overtime. In the framework of the notations defined above, the 
objective function is formulated as follows: 

 
4.3.3. Formulating the Constraints  

Set of constraints of the model consists of satisfaying monthly demand, production capacity under normal 
work hours, production capacity with overtime, storage area capacity, satisfaying annual demand, inventory level at the 
beginning of the month, non-negativity and integer constraints. 

Satisfaying Monthly Demand Constraints: The sum of the production amount under normal work hours and 
with overtime and amount of inventory at the beginning of the month for each product must be equal to or higher than 
the demand of that product for that month. In the framework of the notations defined above, the satisfaying monthly 
demand constraints are formulated as follows: 
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Production Capacity under Normal Work Hours Constraints: The total production time under normal work 
hours for each month must be equal to or less than the capacity under normal work hours for that month. In the 
framework of the notations defined above, the production capacity under normal work hours constraints are formulated 
as follows: 

 
Production Capacity with Overtime Constraints: The total production time with overtime for each month must 

be equal to or less than the capacity with overtime for that month. In the framework of the notations defined above, the 
production capacity with overtime constraints are formulated as follows:

 
Storage Area Capacity Constraints: The total used storage for each month must be equal to or less than the total 

storage area capacity for that month. In the framework of the notations defined above, the storage area capacity 
constraints are formulated as follows: 

 
Satisfaying Annual Demand Constraints: The sum of the production amount under normal work hours and with 

overtime for each product must be equal to the annual demand of that product. In the framework of the notations 
defined above, the satisfaying annual demand constraints are formulated as follows: 

 
Inventory Level at the Beginning of Month Constraints: Inventory level at the beginning of month for each 

product must be equal to the amount of subtracting demand for previous month from total production under normal 
work hours and with overtime fot that month for that product. Inventory level at the beginning of month 1 equals zero 
for aech product. In the framework of the notations defined above, the inventory level at the beginning of month 
constraints are formulated as follows: 

 

 
Non-negativity and Integer Constraints: Each decision variable must be non-negative and integer. In the 

framework of the notations defined above, the non-negativity and integer constraints are formulated as follows: 

 

 
 
4.4. SOLUTIONS OF LINEAR PROGRAMMING MODEL 

Linear programming model with 108 decision variables and 111 constraints has been solved using Lindo and 
the optimal solution has been found with 163 iterations and the optimal profit value has been 4,579,066,50 TL. Optimal 
production quantities under normal work hours, optimal production quantities with overtime and optimal inventory 
levels are given in Table 4 below. 

According to optimal solution, all the demand of Collector A should be satisfied by production under normal 
work hours without any overtime and inventory. On the other hand, the demand of Collector B should be satified by 
production under normal work hours except month 6 which has also 133 overtime-products; additionally production for 
inventory should take place in some of the months. Besides, the demand of Collector C should be met by production 
under normal work hours except the period from month 3 to 6, for these months’ demand production with overtime 
shoul be only used. Moreover, some of the collector C products should be held in inventory for following months’ 
demand.  
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Table 4. Optimal Production Quantities and Inventory Levels for Collectors  

 Collector A Collector B Collector C 
Months  (XAj)  (YAj)  (IAj)  (XBj)  (YBj)  (IBj)  (XCj)  (YCj)  (ICj) 

Sept. 15 Month 1 2.160 0 0 940 0 0 2.450 0 0 
Oct. 15 Month 2 2.530 0 0 2.091 0 0 1.206 0 1.770 
Nov. 15 Month 3 2.020 0 0 3.807 0 51 0 334 1.526 
Dec. 15 Month 4 4.420 0 0 1.962 0 828 0 1.300 0 
Jan. 16 Month 5 3.470 0 0 2.080 0 1.150 0 360 0 
Feb. 16 Month 6 3.000 0 0 2.827 133 0 0 550 0 
Mar.16 Month 7 3.030 0 0 2.120 0 0 50 0 0 
Apr. 16 Month 8 2.220 0 0 1.750 0 0 360 0 0 
May.16 Month 9 2.070 0 0 2.140 0 0 20 0 0 
Jun. 16 Month 10 1.400 0 0 2.790 0 0 20 0 0 
Jul. 16 Month 11 1.770 0 0 1.310 0 0 210 0 0 

Aug. 16 Month 12 3.050 0 0 820 0 0 80 0 0 
Total 31.140 0 0 24.637 133 2.029 4.396 2.544 3.296 

The 12-month production plan for Collectors A, B and C, which has been formed with regard to the solutions, 
is given in Table 5 below. 
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Table 5. 12-Month Production Plan for Collectors A, B and C  

 Type 
Sept. 15 Oct. 15 Nov. 15 Dec. 15 Jan. 16 Feb. 16 Mar. 16 Apr. 16 May. 16 Jun. 16 Jul. 16 Aug. 16 

Total 
Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 Month 8 Month 9 Month 10 Month 11 Month 12 

Inventory 
Level at the 

Beginning of 
Month 

A 0 0 0 0 0 0 0 0 0 0 0 0 0 
B 0 0 51 828 1.150 0 0 0 0 0 0 0 2.029 
C 0 1.770 1.526 0 0 0 0 0 0 0 0 0 3.296 

Total 0 1.770 1.577 828 1.150 0 0 0 0 0 0 0 5.325 
Production 
Quantities 

under Normal 
Work Hours  

A 2.160 2.530 2.020 4.420 3.470 3.000 3.030 2.220 2.070 1.400 1.770 3.050 31.140 
B 940 2.091 3.807 1.962 2.080 2.827 2.120 1.750 2.140 2.790 1.310 820 24.637 
C 2.450 1.206 0 0 0 0 50 360 20 20 210 80 4.396 

Total 5.550 5.827 5.827 6.382 5.550 5.827 5.200 4.330 4.230 4.210 3.290 3.950 60.173 

Production 
Quantities 

with Overtime 

A 0 0 0 0 0 0 0 0 0 0 0 0 0 
B 0 0 0 0 0 133 0 0 0 0 0 0 133 
C 0 0 334 1.300 360 550 0 0 0 0 0 0 2.544 

Total 0 0 334 1.300 360 683 0 0 0 0 0 0 2.677 

Monthly 
Demand 

A 2.160 2.530 2.020 4.420 3.470 3.000 3.030 2.220 2.070 1.400 1.770 3.050 31.140 
B 940 2.040 3.030 1.640 3.230 2.960 2.120 1.750 2.140 2.790 1.310 820 24.770 
C 680 1.450 1.860 1.300 360 550 50 360 20 20 210 80 6.940 

Total 3.780 6.020 6.910 7.360 7.060 6.510 5.200 4.330 4.230 4.210 3.290 3.950 62.850 

Inventory 
Level at the 

End of Month 

A 0 0 0 0 0 0 0 0 0 0 0 0 0 
B 0 51 828 1.150 0 0 0 0 0 0 0 0 2.029 
C 1.770 1.526 0 0 0 0 0 0 0 0 0 0 3.296 

Total 1.770 1.577 828 1.150 0 0 0 0 0 0 0 0 5.325 
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5. CONCLUSION AND RECOMMENDATIONS 
According to optimal production plan which obtained from the solutions of the linear programming model with 

108 decision variables and 111 constraints, 60.173 collectors should be produced under normal work hours and 2.677 
with overtime out of total 62.850 collectors to meet the monthly demand for the 12 month-planning period. Also, 5.325 
collcetors in total should be holded in inventory during the planning period. 

The profit (optimal value of the objective function) has been 4.579.066,50 TL. In addition, profit from 
production under normal work hours, with overtime and the holding cost have been 4.479.550,00 TL, 107.745,00 TL 
and 8.228,50 TL, respectively. Besides, the company has obtained the amount of 2.491.200,00 TL, which equivalent to 
54% of total profit, from Collector A. 

When the slack and surplus values are examined, it is seen that generally there is no need to use the capacity 
with overtime, and capacity under normal work hours is not fully operated even in some months. In this context, the 
company should either reduce the production capacity or influence the demand to increase by advertising, promotions, 
price discounts, etc. or produce new products in the same product group. This may reduce costs or increase total profits 
and utizilation. 

Companies often face additional costs in terms of time and money due to decisions made with intuitive 
methods. The other reason to use intuitive methods is that the quantitative methods are difficult to use because of the 
mass of variables and parameters in real operating enviorenment.  

For this reason, it is believed that this study will contribute to the literature in that finding optimum results with 
a quantitative model and adding value to the production planning activities of the business by suggesting such a linear 
programming model based on real business data. 
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