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ABSTRACT 

 

The manufacturing process is considered as one of the important sources of 

environmental impacts of the industrial production. Companies working with hazardous 

materials in their production have begun to consider the alternatives of minimising the 

waste at the origin, in the production process. This study focuses on developing an 

alternative production planning and scheduling technique aiming to prevent the 

production of hazardous materials while covering the needs of production planning 

principles. A case study is realised in a battery manufacturing company whose wastes are 

classified as hazardous. In the first part of the study, the production planning methods 

adopted in the facilities are examined to find out their relations with waste minimisation 

and an optimisation model is generated. In the second part, the benefits obtained as a 

result of the application of the optimum scheduling plan is determined in terms of waste 

and cost minimisation. This study is unique as being one of the few studies aiming the 

design of job scheduling to reduce waste at the source.  

 

1. INTRODUCTION  

 

Industry is aware of the importance of the cleaner production (CP) or pollution 

prevention (P2) in protecting the limited environmental resources, increasing the 

reputation of the firm and maintaining the production sustainable. The truth about old 

fashion waste management alternatives is that they don’t prevent the formation of the 

waste. Companies adopting old fashion waste management techniques do not only have 
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to pay for inefficiencies of production but they also have to carry the charge of waste 

removal. For these reasons, the companies using hazardous materials in their production 

have started to consider waste management alternatives from P2 perspective.  

 

This study aims to establish “cleaner production” methods preventing the production of 

waste at the origin instead of refining or removing the waste already produced. The 

production/waste management policy proposed in this study will give the chance to 

protect limited environmental resources by means of environmental sensitive production 

techniques. 

  

One of the sources of environmental impacts in the industrial production is the 

manufacturing process, which is simply turning the raw materials into finished products. 

Among many other options, the production planning and scheduling are the most 

important factors due to their significance in manufacturing. This study focuses on 

developing an alternative production planning and scheduling aiming to prevent the 

production of hazardous materials while increasing the productivity.  

 

Productivity is simply a measurement of an organisation’s ability to turn inputs into 

outputs. For example, if a worker produces 50 items in a seven-hour shift, the workers 

productivity (often called labour productivity) is 7,1 units per hour. Industries monitor 

their productivity closely because productivity, together with innovation and quality of 

working life, is the major indicator of the organisational performance. [3-5] 
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Since the productivity is due to many different types of input and outputs and working 

conditions, the measurement methods and tools will vary between sectors. Some of the 

tools and data collection systems used in productivity measurement are as follows: work 

measurements determining the time needed to perform a task, flow process charts 

showing all activities involved in a process, Gantt charts indicating the relative timing of 

various activities. [9] 

 

Organisations develop productivity measures for all factors of production, including 

people, raw materials, and equipment [1]. If productivity is low, that does not necessarily 

mean that the labour resource is performing poorly. More likely, the management system 

is deficient. The system is fair to provide high-quality tools, timely information, 

equipment, materials, training, designs, technical support, strategic guidance, and proper 

motivational climate. [6] 

 

Increasing the productivity will increase an organisation’s operational capabilities in 

order to permit an organisation to meet even higher goals in the future. [5] From the 

standpoint of management, productivity growth is a way to increase profits. As a matter 

of fact, in some cases increased productivity may be a better way to improve profits than 

increased sales. [7] That’s why one of the biggest purpose of industrial engineering is to 

increase manufacturing department’s productivity. 

 

Manufacturing department’s management is generally done by the production planning 

department. The purpose of production planning is to assure that all resources needed to 
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produce the required items (determined by the forecast) are at the right place at the right 

time and in the needed quantities and furthermore, that waste of resources (idle time and 

overly large inventories of material and product etc.) is minimised. [9] Production 

planning activity is important due to its ability to maximise the economic utility of a 

productive system. [2] An integrated production planning and control system includes 

demand forecasting, operations planning, inventory planning and control, and operations 

scheduling. Operations scheduling is the final step in production planning and indicate 

the starting and completion time of each product’s production. Scheduling seeks to 

achieve several conflicting objectives: high efficiency, low inventories, and good 

customer service. Efficiency is achieved by a schedule that maintains high utilisation of 

labour, equipment, and space. Of course, the schedule should also seek to maintain low 

inventories, which may lead to low efficiency due to lack of available material or high 

setup times. Thus, a tradeoff decision in scheduling between setup times and inventory 

levels is required to increase the productivity of a production system. [1,9] 

The adjustment of setup times in the production of sequential products is important in 

production planning and it is usually tried to be minimised in Pinedo (2005). [4] 

Minimisation of setup time may correspond to reduction of setup wastes for the industries 

producing sequential products requiring similar production techniques. In that case where 

setup costs are sequence dependent, the number of waste produced can be held at a 

minimum level. But this solution may not be relevant for all types of productions. For 

example in certain cases, the amount of setup waste is constant no matter the sequence of 

production chosen. 
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Since the amount of setup waste is determined by quality regulations and is constant, one 

way of minimising setup waste may be to decrease the number of machine adjustment, 

which means, changing the production scheduling policy. 

 

The production scheduling policy used in most of the industries is based on a system 

where monthly demands are divided into short periods in which a predetermined amount 

of each product is produced. Although this policy is appropriate for the flexibility of the 

scheduling, it may cause production of abundant numbers of setup waste. The reason of 

this is that as period of scheduling plan becomes smaller, the number of machine 

adjustments becomes higher, which in turn increases the number of setup waste. 

Therefore, the scheduling periods and number of setup waste are inversely proportional. 

 

If longer scheduling periods are chosen, then the production of setup wastes will be 

decreased but the flexibility of the scheduling will be lost and new costs such as 

inventory holding costs will appear. On the other hand, if the scheduling period is 

shortened, then the scheduling will be more flexible and the number of setup waste will 

increase. For this reason, there is a need to find out an optimum scheduling plan taking 

into account the waste production. 

 

The objectives of the study are twofold: (i) to show the relation between the production 

planning and waste generation, (ii) to develop an alternative production plan integrated 

with waste minimisation. 
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In the first part of the study, the production planning methods adopted in factories were 

examined to find out their relations with waste minimisation and waste management. It 

was noticed that hazardous waste is primarily produced as a result of the machine setup 

operation in the production line.  Whenever a new type of product is produced, machines 

require an adjustment and certain number of products has to be wasted (setup waste) 

during the pilot run. The formation of setup waste also happens after a two-hour work of 

the production line. 

 

In the second part, a comprehensive analysis is carried out to determine the optimum 

scheduling period and its benefits obtained as a result of the application of the optimum 

scheduling plan in terms of waste and cost minimisation.  

 

2. COMPANY DESCRIPTION 

 

Yigit Battery, founded to produce Starter Type Batteries in a small workshop in 1976, has 

become today an international trademark, occupying a total space of 22.500 m2 in its 

sized-up plant in Ankara.  

 

Commodities produced by Yigit Battery are various types of batteries from sealed 

maintenance calcium batteries to batteries produced using expended metal technologies. 

Yigit Battery also supplies different types of semi-finished products like grids of different 

type and dimensions, raw plates, charged plates as well as lead monoxide. 
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With its 2200 sales points and well-organised service network all around Turkey, Yigit 

Battery is now exporting to more than 27 countries around the world. The success of the 

company is obviously due to the modern technologies used in production and the use of 

computer-integrated equipment. With the company’s computer controlled casting 

machines, it is possible to produce 3.500 kg/band per hour; which is equivalent to 

4.500.000 batteries per year.  

 

Another leading reason of the success of the company is the environmental awareness of 

its qualified employees and the company’s strong willing about continuous 

improvements. Yigit Battery has been improving its technical substructure, which is 

necessary for the high quality production, with experienced staff, modern production 

facilities and equipment. [10] 

 

Now having its powerful technical substructure on hand, Yigit Battery is at a point where 

the reduction of waste production is one of the targets. The use of the modern machines 

obviously helps to reduce the amount of waste, but since production involves the use of 

hazardous materials, it is necessary to consider more effective solutions. 

 

It is necessary to produce two semifinished products while making machine adjustments 

in assembling and wet charge operations in the production line of a battery. Since those 

semifinished products are not suitable to be reincluded to the production line, they are 

considered as “setup wastes” as described in the previous section. Those setup wastes 

consist of alloyed lead and polypropylene. Lead is a toxic material that causes pollution 
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and deterioration of both human health and environment. [3] Because of the toxic 

materials they have, Yigit Battery send its setup wastes to a removal facility in Eskişehir. 

The transportation and the removal of these wastes create a cost that will be named as 

waste removal costs in this study. 

 

Since it is difficult and expensive to remove the materials left over or wasted in this 

sector, the company’s aim is to prevent the production of waste as much as possible. A 

way to prevent those kinds of productions may be to change the production scheduling 

policy as described in the previous section. The company is using the production 

scheduling policy giving the highest number of wastes, which means the One-Week 

Alternative. 

 

3. METHODOLOGY  

 

The relation between the scheduling period and setup waste amount is established and 

optimised in this study. Knowing that the number of scheduling period in a month affects 

the number of setup waste generated, alternatives should be recommended to show the 

optimum scheduling plan taking into account the waste removal cost and inventory 

holding costs. 

  

To determine the optimum scheduling period, different scheduling scenarios are 

analysed. These scenarios are based on a week, two, three and four weeks. Once the first 

alternative is clarified, then monthly demand is divided to four and one quarter of the 
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demand of each product is produced in each period (one week). The same logic is applied 

to other alternatives. 

  

Although Yigit Battery is producing more than fifty types of products, it is decided to 

consider thirty types of products as main commodities in this study. 

  

Since demands in some months are close to each other, Yigit Battery describes those 

groups of months as “periods”. Therefore, three periods consisting of four months is 

considered instead of twelve separate months in the computations. The values related to 

period are computed calculating the average of values of the months considered. 

 

Considering the availability of selling amounts of the year 2005 for each product at each 

period, it is assumed that those amounts are constant for each year and that they are 

relevant also for the year elaborated. Therefore, real selling amounts of the previous year 

are determined to be the real demand of the current year.  

   

To evaluate the four alternatives, monthly demands are firstly divided into the numbers 

needed to find unit demands of each alternative. The production amount needed is then 

found out for each product at each period for each alternative. 

 

Computations of the unit demand of product i for each alternative are stated as follows: 
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For the One-Week-Alternative, monthly demand is divided to 4 and quarter of the 

production demand must be realised each week. Since the unit production time is one 

week, it is necessary to repeat this operation four times in a month  

⎟
⎠
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⎛= jiji DU ,, *

4
1    4**

4
1

,, ⎟
⎠
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⎜
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Where  

 1,2,...,30i           product    of  type theshowingindex ==i    

1,2,3j      number     period  theshowingindex ==j
j periodin  i,product  of Demand, =jiD  

j periodin  i,product  of DemandUnit , =jiU  

 

For the Two-Week-Alternative, monthly demand is divided to 2 and one half of the 

production demand must be realised during the period. Since the unit production time is 

two week, it is necessary to repeat this operation two times in a month.  
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For the Three-Week-Alternative, monthly demand is divided into 2 parts: In the first part 

is three quarter of the demand is produced in three weeks, and in the second part one 

quarter of the demand is produced in the last week of the month. 
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For the Four-Week-Alternative, the total monthly demand is produced in a single period. 

 

jiji UD ,, =         (1iv) 

 

Having the monthly production quantities of each product for each alternative on hand, it 

is possible to calculate the number of setup waste derived for each alternative tested. 

When looking at quality regulations it was found that before starting at a product’s 

production, two setup wastes are produced while machine adjustments are made. 

Additionally, the production of two setup waste also happens after a two-hour work of the 

production line. 

 

Calculations for the number of setup waste are made as follows: 

Since it is stated in the quality regulations that setup wastes are produced after two-hour 

work of the production line, number of products produced in two hours should be taken 

into account. By observing the production speed of each product, it is possible to 

determine the number of setup waste per unit production. For example, it is known that 

800 units of a certain product are produced in each shift. Considering that a shift is 8 

hours, it can easily be said that the speed of production of that product is 100 units / hour. 

Therefore setup wastes will be produced after 200 units production of this product is 

manufactured. The same logic is used while computing other products’ control periods. 

r)(units/hou iProduct Each for  Period Control=iK  

 
( ) 2*

8
CapacityShift   i
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After computing each product’s control period, the number of controls made in each 

production-planning alternative is calculated. For this process, unit demand is divided to 

the control period and the result is rounded down. 

 

iProduct Each for  Times Control ofNumber =iN  

⎥
⎦

⎥
⎢
⎣

⎢
=

i

i

K
U

iN         (3) 

 

After computing each alternative’s control numbers, total waste number is calculated. 

Two setup waste is produced when the production of a new product is started and at each 

control time 2 additional setup waste is produced. This circumstance is expressed as: (Ni * 

2 +2). This amount is multiplied by the number needed to complete the production 

planning time to one month (2 * 2 weeks, 4 * 1 week etc.). 

 

iProduct Each for  Produced  WasteTotal=iT  

 

 For One-Week Alternative:  4*)22*( += ii NT     (4i) 

 For Two-Week Alternative:  2*)22*( += ii NT     (4ii) 

 For Three-Week Alternative:  1*)22*( += ii NT     (4ii) 

 For Three-Week Alternative:  1*)22*( += ii NT     (4iv) 
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Now that setup waste quantities are computed, the total cost can be calculated. The sum 

of inventory holding cost and waste removal cost will give the total cost. Those costs are 

calculated as below: 

 

iii WIZ +=  

iProduct   ofCost  Total =iZ  

iProduct   ofCost  HoldingInventory =iI    

iProduct   ofCost  Removal Waste Wi =      (5) 

 

In the calculation of the inventory holding cost, it is needed to express this cost as the 

selling price’s ratio. Since the inventory holding cost changes due to the time of holding 

inventories, bank credit is designated as the coefficient showing changes in holding cost. 

Knowing that bank credit is approximately 20% for one month, we converted this 

percentage to weeks. The weekly cost of holding inventory is then calculated for each 

product as 

  iProduct    of Price Selling=iP

          (6) ii PI *05,0 =

 

The waste removal cost is expressed as the function of the selling price. In the case of 

Yigit Battery, 85% of the selling price indicates the production price and 20% of the 

production price denotes the waste removal cost. This cost remains the same for each 

period and each alternative. Therefore, waste removal cost can be computed as follows:  
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 week). Therefore inventory holding cost for each scenario is 

alculated as follows:  

One-Week-Alternative: Inventory Holding Cost For One Month  

20,0*85,0* ii PW =

  

Following the computation of the cost, it is possible to find how much time will

produce the products, and also how much inventory will be carried for how long. 

Since computations of holding inventories and producing wastes are based on we

units, the hourly calculated production time is converted to weekly production time.  

The company’s weekly working policy is to work 24 hours during 6 days (1 week=144 

hours or 1 hour=1/144

c
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Two-Week Alternative: Inventory Holding Cost For One Month  
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Three-Week Alternative: Inventory Holding Cost For One Month 
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Four-Week Alternative: Inventory Holding Cost For One Month 
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4. RESULTS AND DISCUSSION 

 

As a result of the calculations, One, Two and Four-Week Alternatives’ inventory holding 

costs are found to be equal and much more less than the Three-Week Alternative’s one. 

Therefore One, Two and Four-Week Alternatives are optimal in terms of inventory 

carrying costs (Figure 1). 

 

On the other hand, while looking at waste removal costs one can see that Three and Four-

Weeks Alternatives are clearly optimal. It is also noticeable that the alternative currently 

carried out in the company, the One-Week Alternative is, the policy that gives the highest 

waste (Figure 2).  

 

The results indicate that the Four-Week Alternative is the optimal solution for most of the 

products. The One-Week Alternative is the policy that gives one of the highest total cost 

for each period. This fact is shown in Figure 3. 
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Figure 2. Periodic Representation of Waste Removal Costs

Figure 1. Periodic Representation of Inventory Holding Costs

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Periodic Representation of Total Costs
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In this study, the optimal alternative calculated is the one giving the best solution for both 

waste removal and inventory carrying. As told in the first section, the lowness of the cost 

may be an indicator of its low flexibility. The Four-Week Alternative, calculated as the 

optimal option, is not providing an applicable solution due to its low flexibility.  

 

In the further phases of the research, The Economic Lot Size Model of Wagner & Whitin 

will be examined. The objective of that model is to determine the periods where 

production should take place, and the quantities to be produced, in order to satisfy 

demand while minimizing production of setup waste. The setup waste will be tried to be 

decreased by the Economic Lot Size Model of Wagner & Whitin which aims setup time 

reduction. As a result of this analysis, it is believed that a solution minimizing inventory 

and setup wastes while keeping the flexibility of production can be achieved. 

 

The proportion between waste removal and inventory holding costs is a very important 

factor in the computation of the optimal alternative. If the waste removal costs were 

higher than the actual one, no matter the inventory carried, the alternative giving the less 

waste would give the optimal solution. The same logic is true for inventory carrying 

costs. Therefore it is important to accurately calculate the costs associated to waste 

production to attain results representing real world. 

 

The approach can be used for different industries using hazardous materials. In the 

beginning of the pollution prevention study, the production process and machine setup 

operations must be analysed. After the problem and the work area are defined, setup 
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wastes’ ratio can be calculated from quality regulations or production planning principles. 

Inventory holding and waste treatment costs should be computed as a final input. After 

the collection and the calculation of inputs, the algorithm proposed in this study can be 

applied to find an alternative giving the equilibrium between the waste removal and 

inventory holding costs. 

 

5. CONCLUSION 

 

One of the biggest problems in production industries is the waste removal. The 

conspicuous nature of the problem is due to the liability to carry both waste production 

and waste removal charges. Especially firms working with hazardous materials are aware  

of the need to find new techniques to handle waste. This paper showed that using 

production planning optimisation opportunities by taking into account the minimization 

of waste can be an economical solution of the waste management problem. 
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