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[bookmark: _Toc360423543][bookmark: _Toc65231996]Abstract
Inventory management is a challenging problem area in a manufacturing Industry. Industries need to have inventories in warehouses in order to fulfill customer demand, meanwhile these inventories have holding costs and this is frozen fund that can be lost. This thesis presents a research for a manufacturing industry on inventory management & control. The manufacturing industry produces Mates which requires granules as the raw materials. These raw materials are supplied from another city which takes some time and carry cost on transportation. In this way, the raw material also carries holding & ordering cost. It is proposed to use inventory management & control in order to decrease overstock levels and also manage the lead time of transportation and to apply some strategy for improvement of inventory management processes. In this way the cost on the inventory should be optimized.
The selected industry is not using a specific inventory model which can give them re-order point, ordering inventory & reduce costs related to inventory. This forces them to stock extra inventory which results in extra holding cost. The service level of the industry is low due to which the industry cannot full fill the customer demand and the industry is losing its customers.
Production Order Quantity Model is used which gives 9845.47 Kg for daily production. But the daily production lies between 5360Kg & 9920Kg. Similarly, the model gives total no of orders place per year is 205, Maximum Inventory is 43,182 Kg, Re-order point is 23,740 Kg& Ordering Inventory is 19,422 Kg
The stocked inventory was 80,000 Kg but now the maximum inventory level is found to be 43,182 Kg. 
Keywords: Production Order Quantity Model, Inventory Cost, ABC Analysis, XYZ Analysis.
In last, we offer our regards and blessing to all these people who supported us to take advantage from this great opportunity.


[bookmark: _Toc65232001]CHAPTER 1:	INTRODUCTION
[bookmark: _Toc65232002]Background of project
Inventory is an integral part of any business that is used in the day to day operations of a firm. Inventory behaves as an asset for the industry. Inventory control is also important to maintaining the right balance of stock in your warehouses. Too much inventory can trigger profit losses whether a product expires, gets damaged, or goes out of season. Key to proper inventory control is a deeper understanding of customer demand for your products. The main focuses of inventory management are to place the right amount of inventory at the right place at a right time. Inventory control can reduce cost related to inventory in any manufacturing industry. Inventory management is a balance between customer service and cost of inventory.
[bookmark: _Toc65232003]Background of industry
The industry produces mates. They use granules (also called Polypropylene or PPE) & yarn. The granules are used in a high weightage then the yarn because it is the major component. For mate production, they use weaving machine which consume both granules & yarn. The granules when damaged during the production can be recycled in the Extruder machine. Hence the imported granules are called “Pure granules” & the damaged ones are called “recycled granules”
The produced mates are of three types which depend on the type of granules use for their production i.e. F16, butterfly and crystal. 
1. Crystal is made from the pure granules
2. Butterfly can be made from a mixture of mostly recycled & less pure granules.
3. F16 is made from a mixture of mostly pure & less recycled granules. 
The inventory has holding and ordering costs. The granules are transported from another city while the yarn is imported from China. The industry stores inventory in a warehouse having the capability of 110 tons and having a budget of 112 tons.

	
[bookmark: _Toc65232004]Objectives of the project
The following are the objectives of our project.
· To apply a specific inventory model
· To produce a specific demand
· To find Ordering inventory
· To optimize related cost of inventory
· To eliminate extra stocked inventory 
[bookmark: _Toc65232005]Assumptions in the project
The data has been collected for one month. The industry uses the same scenario and pattern of the data for the whole year. The data used in this study are collected by interviewing warehouse managers and procurement managers who are involved in inventory management. Other data are collected by studying company documentation, such as production schedules, inventory reports and production reports.
[bookmark: _Toc65232006]Scope of the project
Our model is valid for small and local industry which has not more than four types of raw materials. This model will help the industry in order to optimize ordering and holding costs as well as specific amount of raw materials at a specific time.
But if multiple types of raw materials are required for manufacturing process & production, these raw materials will have different rules & regulations for consumption & our model will not be fully accurate for them.

[bookmark: _Toc65232007]CHAPTER 2:     LITERATURE REVIEW
[bookmark: _Toc65232008]2.1	Background of the literature
There are costs related to the inventory which include the cost on the acquisition and storage of the inventory as well as the costs pertaining to the human resources managing the inventory. These costs can be broadly categorized as ordering or setup costs, holding or carrying costs and shortage costs. These costs should be optimized without losing business in the process for the effectiveness of the business.
In order to take advantage of economies of scale and reduce costs Industries use batch ordering and Replenishment Policy (Fixed-order quantity models) simultaneously. The demand schedule records control Batch ordering. These schedule records determine when and how often to generate orders. They also define what field values cause a break to a new order, as quotes are processed. The fixed Order Quantity in replenishment policy is use for the inventory control system, where they use fixed maximum and minimum inventory levels, and fixed amount of inventory can be replenished at a time when the inventory level reaches the minimum stock level. This method needs to define period for an ordering quantity and reordering period. Then it needs the inventory parameters to find out whether it is the time for an order replenishment or not. the variables used in fixed order quantity method are all known with certainty and remains constant. These variables could be the sales, unit cost, holding cost, Lead time, stock out cost, etc.
2.1.1 Holding Cost
The cost of carrying or holding inventory is the sum of the following costs: Money tied up in inventory, such as the cost of capital or the opportunity cost of the money. Physical space occupied by the inventory including rent, depreciation, utility costs, insurance, taxes, etc. Cost of handling the items.


2.1.2 Ordering Cost
Ordering costs are the expenses incurred to create and process an order to a supplier. These costs are included in the determination of the economic order quantity for an inventory item. Examples of ordering costs are cost to prepare a purchase order. Cost of the labor required to inspect goods when they are received.
2.1.3 Lead time
The time between placement and receipt of an order called lead time. It can be measured in minutes, hours, day, month, & son on depend on the situation 
2.1.4 Production
Industrial production is a measure of output of the industrial sector of the economy. The industrial sector includes manufacturing, mining, and utilities. Although these sectors contribute only a small portion of gross domestic product (GDP), they are highly sensitive to interest rates and consumer demand.
2.1.5 Demand
The amount of the finished goods that is required by the customer is called demand. It can be measured in hours, daily, monthly, annually & son on depend on the situation.
2.1.6 Safety stock
Safety stock is an additional quantity of an item held in inventory in order to reduce the risk that the item will be out of stock. Safety stock acts as a buffer in case the sales of an item are greater than planned and/or the supplier is unable to deliver additional units at the expected time.
2.1.7 Service level
Service level describes, usually in measurable terms, the services a network service provider furnishes a customer within a given time period. When used as a call center metric, service level measures the percentage of incoming calls that an agent answers live in an established amount of time.
2.1.8 Re-order Point 
The reorder point (ROP) is the level of inventory which triggers an action to replenish that particular inventory stock. It is a minimum amount of an item which a firm holds in stock, such that, when stock falls to this amount, the item must be reordered.
[bookmark: _Toc65232009]2.2 Inventory
Inventory (American English) or stock (British English) is the goods and materials that a business holds for the ultimate goal of resale (or repair). In the context of services, inventory refers to all work done prior to sale, including partially process information.
The following are the main types of the inventory.
2.2.1 Raw materials inventory
Raw materials inventory is the total cost of all component parts currently in stock that have not yet been used in work-in-process or finished goods production. There are two subcategories of raw materials, which are: Direct materials. These are materials incorporated into the final product.
2.2.2 Work in process inventory
Work in process (WIP), work in progress (WIP), goods in process, or in-process inventory are a company's partially finished goods waiting for completion and eventual sale or the value of these items. These items are either just being fabricated or waiting for further processing in a queue or a buffer storage.
2.2.3 Finished goods inventory
 Finished goods are goods that have been completed by the manufacturing process, or purchased in a completed form, but which have not yet been sold to customers. Goods that have been purchased in completed form are known as merchandise. 


2.2.4 Maintenance, Repair & Operation inventory (MRO)
In many organizations, maintenance, repair, and operations (MRO) inventory accounts for a significant slice as much as 40 percent of the annual procurement budget. Yet it is still not managed with the level of rigor typically applied to production inventory.
[image: C:\Users\ASAD\Desktop\Types+of+Inventory.jpg]
Figure 2.1 Types of inventory
[bookmark: _Toc65232010]2.3 Research analysis
Some research was done related to the field in order to know how different people solve the concern problem, what method they use for them, what result they found & what is limit of the accuracy of their research.
The following statements will give us some idea about our topics which is the contribution of the people related to inventory.
To manage inventory Quantitative methods, use mathematical models, to reduce inventory qualitative methods use conceptual ideas from supply chain management. It is concluded to study at a deep understanding of how inventory management is done, and what factors should be count to influence efficiency and effectiveness of inventory management to reduce cost, improve service, and enhance competitive advantage. What main factors should be count that influence decision on inventory management? [1]
Reorder time (ROT) is used in the real-time inventory model instead of reorder point (ROP), As the time to depletion of remaining inventory, as is the case in the current approach. Making the system real-time, changes constantly when any variations of demand occur, ROT is a particular time for them. Actually, safety stock is not needed in the real-time inventory model. However, safety stock is use for the variance of orders in the re-order point model. This has the significant in difference of real-time inventory model which eliminates the additional inventory holding cost by eliminating safety stock. [2]
To become inventory management effective, it consists of ABC classification, demand forecasting algorithms and replenishment policies. Meanwhile, to react demand deviation from the forecasted demand an agent system can provide automatization of inventory management and timely, by making corrections on replenishment policies. [3]
It is increasingly important deteriorating items for the modern corporations to control and maintain the inventories for them. In general, the deterioration is defined as the agents which results in the decrease of usefulness of the original one i.e. damage, spoilage, dryness, vaporization, etc. [4]
Materials often flow in fixed batch sizes in supply chains, so batch ordering is also a ubiquitous requirement in industries. For example, full truck loads are used raw materials usually arrive at factories, between production stages work-in- process is often processed in convenient lot sizes, and full containers are used for finished goods transported in from suppliers to warehouses or distribution centers. Therefore, minimum order quantities MOQ also require batch ordering of no surprise that suppliers who apply it. [5]
The holding cost arises due to the capital invested in the inventory (capital cost), similarly to rent offs on warehouses, salaries to warehouse staff. Traditionally, it is also assumed that the capital cost makes up the main part of the inventory cost. Therefore, the cost per unit time associated with having goods on stock can be expressed as a constant holding cost, to the times the amount of inventory on hand. [6]
We consider at a single stage with fixed order for periodic review stochastic inventory control problems for a single product cost where the excess demand in each period is completely backlogged. Inventory management literature can give better kind of inventory control problems. The amount of stock received from the supplier or the production process matches with the ordered quantity which is the main underlying assumption for each replenishment. This means that there is no yield loss and the supplier or the production process is completely reliable. The optimal inventory control policies have very nice structures under this kind of assumption of certain yield. [7]
Many production processes can only start after the required resources have been set up. This setup usually requires a setup time and/or causes setup cost. As a consequence, a lot-sizing problem arises, because a decision has to be made whether future demands should be produced to stock to save setups. Research on lot-sizing dates back to the early twentieth century, and a large number of different lot-sizing problems have been identified, for which an even larger number of modeling approaches and algorithms have been developed. [8]
Automatic data process machines have become widely used in implementing material requirements planning. These prior art machine systems are capable of generating a report which discloses positive or negative balances of materials stock at selected time intervals as a function of orders to be completed and the amount of in stock inventory. These balances or required quantities are determined by "exploding" net end item requirements against the bill of materials for each end item. That is, each quantity of materials required to make an end item is multiplied by the quantity of end items to be manufactured. [9]
In brief, inventory management system of the invention can significantly simplify a procedure of estimating Supply quantity of products by product manufacturer and reduce time associated with the procedure. Also, a future Supply of certain products may be precisely estimated. With this information, product manufacturer may correctly arrange manufacturing processes by ordering optimum quantity of component parts. As a result, an optimum quantity of products is produced, thus significantly reducing cost associated with excessive inventory. [10]
Inventory system is one of the main streams of the operation research which is essential in business enterprises and industries. The Economic Production Quantity (EPQ) model is a simple mathematical model to deal with inventory management issues in a production inventory system. It is considered to be one of the most popular inventory control model used in the industry. In general, almost all products are found to be deteriorating over time. Sometimes the rate of deterioration is too low, for items such as steel, hardware, glassware and toys, to cause consideration of deterioration in the determination of economic lot sizes. Normally some items have significant rate of deterioration, such as blood, fish, strawberry, alcohol, gasoline, radioactive chemicals, medicine and food grains those deteriorate rapidly over time, which cannot be ignored in the decision making process of production lot size. [11]
This paper develops a finite time-horizon deterministic economic order quantity (EOQ) inventory model with shortages, where the demand rate at any instant depends on the on-hand inventory (stock level) at that instant. The effects of inflation and the time value of money are taken into account, considering two separate inflation rates: namely, the internal (company) inflation rate and the external (general economy) inflation rate. The results are discussed with a numerical example and particular case of the model is discussed in brief. A sensitivity analysis of the optimal solution with respect to the parameters of the system is carried out. [12]
The basic financial purpose of the firm is maximization of its value. An inventory management should also contribute to the realization of this basic aim. Many current assets management models which we can find in the literature relating to financial management were constructed with the assumption of book profit maximization as the basic aim. These models could be lacking what relates to another aim, i.e., maximization of the enterprise value. This article presents the value based inventory management model modification. [13]
The principles of ABC analysis have been around a long time, at least since Pareto made his famous observations on the inequality of the distribution of incomes. The dollar usage values of inventory items typically demonstrate a similar inequality of distribution. An early industrial application of the concept was the use of ABC to control inventory at General Electric. Astute managers have continued to apply the principle by concentrating on the “significant few” (the A items) and spending less time on the “trivial many” (the C items). Unfortunately, very little specific guidance has been reported concerning how to use the analysis to improve managerial performance. General statements like “manage the A items more closely,” “spend less time on the C items,” or “order the A items more frequently” seem to be typical statements. [14]
[bookmark: _Toc65232011]2.4 Result of the research 
After studying the contribution of many people, we come in the conclusion that we will find the data of the research which is being required for the project completion. Then we will discuss it with the supervisor & group meeting in such a way that to know the data fully & understand it.
Secondly we will keep in mind the techniques, model & result of these people that what are the best achievement of the people among different people & what is the model & analysis that will be fit to our data.
[bookmark: _Toc65232012]2.5 Economic Order Quantity (EOQ) Model 
This model is rejected because all its assumptions were fitted to our data except the following one:
Lead time is known and Consistent. Receipt of inventory is instantaneous and complete. In other words, the inventory from an order arrives in one batch at one time. But in the data, the lead is 4 days & can’t be instantaneous which make it unfit for creating a model on it.
[image: Image result for EOQ Model]
Figure 2.2 EOQ Model
[bookmark: _Toc65232013]2.6 Production Order Quantity Model
Such cases require a different model, one that does not require the instantaneous-receipt Assumption: This model is applicable under two situations:
1. When inventory continuously flows or builds up over a period of time after an order has been placed 
2. When units are produced and sold simultaneously.
These two assumptions are fitted to our data,
Under these circumstances, we take into account daily production (or inventory-flow) rate and daily demand rate. But we take the average demand & production per day of the whole month & then proceeds it to the whole year for model building. 

[image: ]
Figure 2.3 POQ Model
Q = Number of units per order
H = Holding cost per unit per year
S = Ordering cost per unit per year
p = Daily production rate
d = Daily demand rate, or usage rate
t = Length of the production run in days 
[image: ].












[bookmark: _Toc65232014]CHAPTER 3:	METHODOLOGY
[bookmark: _Toc65232015]3.1 Problem Statement
The selected industry is not using a specific inventory model which can give them re-order point, ordering inventory & reduce costs related to inventory which make them to stock extra inventory which carry over holding costs.
[bookmark: _Toc65232016]3.2 Methodology
The most efficient way of collecting data is discussion with warehouse managers and procurement managers who are involved in inventory management. Meanwhile by studying company documents, such as production schedules, inventory reports and production reports also help in collecting important data. 
At the beginning of the project a literature review was done and with the help of many project experts the project selection was done.
Data analysis was done by using POQ model of inventory management. This model will give them daily production, reorder point, ordering inventory and holding inventory.
[bookmark: _Toc65232017]3.3 Method of Data collection 
To meet our research objectives a lot of visits were done to the industry. The main focus was on the daily production, daily demand, lead time, stocked inventory. 
[bookmark: _Toc65232018]3.4 Select sequence for project
As discussed earlier, inventory is a challenging area& it requires a lot of efforts to be performed to analyze & solve the problem.
The best way to perform our project is listed below in figure 3.1. It gives a proper way for the project completion tasks & eliminates the unnecessary efforts which will consume extra time.
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Figure 3.1 Project methodology flow diagram
3.4.1 Area Selection
Some visits are done to the industries & then select a proper industry which was facing the inventory management & controlling problems.
3.4.2 Literature Review
Some research papers & contributions of many people is studied to know how they solve the desired problem elating to our topic.
3.4.3 Problem Statement
Some visits were performed to know the problem & its cause to the selected industry related to the selected topic.
3.4.4 Data collection
The data has been collected by discussion with staff supervisor of the industry. In meanwhile, industry documents were also studied which help in collecting the important data.  
3.4.5 Analyze the data
The given data was discussed in such a way to judge the data properly &find the problems which lie in the data, also to find the important items from the data which will be required for analyzation of the data & applying model on the data.
3.4.6 Study different models
As there are different models for controlling & managing the inventory & a specific model can be fitted & applied for a specific area & data because every model has its own parameters, techniques, restrictions & assumption. So to apply these models for data, their assumption & other discussed items should be kept in mind.
3.4.7 Select appropriate model
All models of inventory have some limitation, & can’t be fit to every type of data. So the production order quantity model selected which was fit to the data.
3.4.8 Apply the model
The data is put in the Production order quantity model, which gives an appropriate result.
3.4.9 Result & discussion
The result obtain from the data is being compare with the problems of inventory, and then the result is discussed for the sake that how much problem is solved by the model.
[bookmark: _Toc65232019]3.5 Select the data duration
The selected industry works for 340 days per year, & they use “make to stock” policy for the production. Further, the ordering inventory, stocked inventory, recycled inventory has a uniform value throughout the year.


[bookmark: _Toc65232020]CHAPTER 4:     DATA COLLECTION
[bookmark: _Toc65232021]4.1 Introduction
This chapter is related to the process of data collection. As this project is concerned with the management of production industry the collection of data was mostly very important. The data used in this study is collected by interviewing warehouse managers and procurement managers who are involved in inventory management. Other data are collected by studying company documentation, such as production schedules, inventory reports and production reports. 
[bookmark: _Toc65232022]4.2 Steps in Data Collection
The required data is collected in the following steps:
· Literature review
A comprehensive literature review was done in order to understand the basics of the research and how much work has been done in the same field.
· Interviews & Discussion
Experts were interviewed in order to find the best way of data collection. 
· Study Documents
A comprehensive study for documents was developed for the purpose of data collection and then distributed to different organizations and construction experts.
· Industry Judgement
Whether the data is reliable or not? A survey was done to measure the validity of the data through the visit of the industry.



· Data validation
When the data was collected different reliability test are performed upon it to check whether the data is fit for analysis or not. Cronbach alpha and standard Cronbach alpha tests are performed for data validity check.
· Data Analysis
Different statistical tools were used for data analysis like group discussion and supervisor discussion.
[bookmark: _Toc65232023]4.3 Granules Monthly data
The granules data was collected on daily production, daily demand, daily recycle & imported granules for the month of January, 2021.Now the following figures show the data of granules.
In table 4.1, recycle granules are those which is damaged during production, the industry having a specific area to recycle the granules of damaged granules. The machine used for this the grinder machine and after it the damaged granules passes through the extruder machines. The extruder makes pipes from them which is being use for the production with the new orders.
The stored granules in the warehouse are available in large amount. On daily basis the industry uses granules for the production purpose. The stored granules carry a holding cost as well. The industry used containers for the transport of the granules. Each container has the ability to transport 8000 kg of the granules. For transporting one container the industry pays 32000Rs. For producing mates, the pipes are processed on the weaving machines in order to convert them into the mates.
Weaving machines are used for the production of Mates. Each weaving machine use 80 Kg per day & there are 133 weaving machines but unfortunately they use less than 133 every day & in random numbers. This is because of no labor availability, low salary or breakdown of machine due to maintenance. So their production is variable. 
The daily granules are consumed on production & the remaining granules of stocked granules is left for next day as ending inventory in the table 4.1
The daily demand lies between 4556 Kg to 8664 Kg as the mate are sold which is made from these granules, & it shows that their service level is 85%. 
Table 4.1 Granules monthly data
	Date
	Recycled PPE (Kg)
	Stored PPE (Kg)
	Imported PPE (Kg)
	Number of Containers used
	Total PPE on Stock (Kg)
	Used By Weaving Machine (Kg)
	Number of Machine Used
	Ending Stock
	Daily Demand

	1-Jan
	2450
	80,000
	0
	0
	82450
	9,040
	113
	73,410
	7684

	2-Jan
	2500
	73,410
	0
	0
	75910
	7840
	98
	68,070
	6664

	3-Jan
	2530
	68,070
	0
	0
	70600
	8080
	101
	62,520
	6868

	4-Jan
	2540
	62,520
	0
	0
	65060
	9680
	121
	55,380
	8228

	5-Jan
	2470
	55,380
	0
	0
	57850
	9920
	124
	47,930
	8432

	6-Jan
	2390
	47,930
	0
	0
	50320
	7840
	98
	42,480
	6664

	7-Jan
	2600
	42,480
	0
	0
	45080
	7920
	99
	37,160
	6732

	8-Jan
	2575
	37,160
	0
	0
	39735
	7120
	89
	32,615
	6052

	9-Jan
	2616
	32,615
	37500
	5
	70115
	9280
	116
	60,835
	7888

	10-Jan
	2395
	60,835
	0
	0
	63230
	7520
	94
	55,710
	6392

	11-Jan
	2474
	55,710
	0
	0
	58184
	6800
	85
	51,384
	5780

	12-Jan
	2025
	51,384
	0
	0
	53409
	7200
	90
	46,209
	6120

	13-Jan
	2575
	46,209
	21990
	3
	68199
	8560
	107
	53,639
	7276

	14-Jan
	2622
	53639
	0
	0
	56261
	6240
	78
	50,021
	5304

	15-Jan
	2620
	50,021
	0
	0
	52641
	6240
	78
	46,401
	5304

	16-Jan
	2540
	46,401
	0
	0
	48941
	6080
	76
	42,861
	5168

	17-Jan
	2611
	42,861
	0
	0
	45472
	5920
	74
	39,552
	5032

	18-Jan
	2500
	39,552
	0
	0
	42052
	6160
	77
	35,892
	5236

	19-Jan
	2395
	35,892
	0
	0
	38287
	6240
	78
	32,047
	5304

	20-Jan
	2375
	32,047
	0
	0
	34422
	5680
	71
	28,742
	4828

	21-Jan
	2415
	28,742
	0
	0
	31157
	5440
	68
	25,717
	4624

	22-Jan
	2525
	25,717
	0
	0
	28242
	5360
	67
	22,882
	4556

	23-Jan
	2520
	22,882
	0
	0
	25402
	5520
	69
	19,882
	4692

	24-Jan
	2550
	19,882
	15000
	2
	34882
	5920
	74
	28,962
	5032

	25-Jan
	2615
	28,962
	0
	0
	31577
	6720
	84
	24,857
	5712

	26-Jan
	2475
	24,857
	0
	0
	27332
	6480
	81
	20,852
	5508

	27-Jan
	2670
	20,852
	22000
	3
	42852
	5840
	73
	37,012
	4964

	28-Jan
	2515
	37,012
	0
	0
	39527
	5680
	71
	33,847
	4828

	29-Jan
	2480
	33,487
	0
	0
	35967
	6400
	80
	29,567
	5440

	30-Jan
	2630
	29,567
	0
	0
	32197
	6720
	84
	25,477
	5712

	31-Jan
	2550
	25,477
	14700
	2
	42727
	7040
	88
	35,687
	5984


[bookmark: _Toc65232024]4.4 Yarn Monthly Data
The yarn data was collected for one month of January which is shown below in table 4.2 
The yarn is covered in the Bobbins which is transported in cotton from China. One cotton contains six Bobbins& each Bobbin is 6 Kg in weight. The cost of one Kg yarn is 230 Rs. The holding cost of yarn is considered negligible.
On 1-Jan 2021, The beginning inventory was 210 cottons and the industry use 12.5 cottons, then the ending inventory on the same day was left 197.5 cottons. Similarly, on second day i.e. 2-Jan 2021, The beginning inventory was 197.5 & use 10.5cottons, then left 188.1 cottons on the same day. The same scenario is used for the whole month and so on.
Note 12.5 in the above sentence mean that that number of cotton is 12 while 5 are the bobbins used. The first order was received when the industry was left with 19.8 cottons.
The order for 670 cottons were released on 2-Jan 2021 and were received on the 18-Jan 2021. 
Table 4.2 Yarn monthly data sample
	Date
	1-Jan
	2-Jan
	3-Jan
	4-Jan
	5-Jan
	6-Jan
	7-Jan
	8-Jan
	9-Jan
	10-Jan
	11-Jan
	12-Jan
	13-Jan

	Beginning Inventory
	210
	197.5
	188.1
	177.6
	167.1
	156.1
	146.1
	136.1
	126.9
	117.7
	104.7
	94.5
	85

	Used Inventory
	12.5
	10.5
	9.4
	10.5
	11
	12.2
	10
	10
	9.2
	10.2
	13
	10.2
	9.5

	End Inventory
	197.5
	188.1
	177.6
	167.1
	156.1
	14.1
	136.1
	126.9
	117.7
	104.7
	94.5
	85
	76.6

	Order Released
	0
	670
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Order Received
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


The Standard Deviation, Average& Coefficient of Variance is found from the above data which will be used in ABC, XYZ & FSN analysis.
Table 4.3 shows the values of these terms.
Table 4.3 Calculation data from Yarn sample
	Standard Deviation
	262.95

	Average
	341.59

	Coefficient of Variance
	76.978



[bookmark: _Toc65232025]4.5 Ordering Cost
Ordering cost includes costs of supplies, forms, order processing, purchasing, clerical support and so forth. The ordering cost is categorized on the following groups.
4.5.1 Unloading Cost
The costs that are occur on the inventory when it is offloading PPE granules from the delivery vehicles. It is shown in Table 4.3 that the unloading cost on 1 Bag is 2 rupees & 1 bag carry 25 Kg, so the cost on 1 Kg is 0.08 Rs. Table 4.4 shows the detail of these values.
Table 4.4 Unloading cost calculation table
	Unloading Cost

	Cost per bag (Rs)
	2

	1 Bag (Kg)
	25

	1 Kg Unloading Cost
	0.08



4.5.2 Staff Salaries
The cost occurred on ordering staff is 100,000 Rs per month. after receiving the order, it is necessary to be inspect so the inspection is cost 20,000 Rs per month as a salary of the inspection employee. The total cost of staff salaries is 120,000 Rs. As there are 30 days per month, so cost per day becomes equal to 4,000 Rs. Table 4.5 shows the detail of these values.
Table 4.5 Staff salaries calculation
	Staff salaries

	Ordering staff salary
	100,000

	Inspection staff salary
	20,000

	Total cost
	120,000

	Total days
	30



Cost per day = 120,000 / 30 = 4,000
Average daily production cost = 698,300
Cost per 1 Kg per day (Rs) = 4000 / 698300 = 0.00572 Rs
4.5.3 Transportation Cost
The expenses involved in moving products or assets to a different place, which are often passed on to consumers. So one container transportation cost is 32,000 Rs which transport 8,000 Kg of granules from another city. Total no of orders is 5 which is equal to 111,190 kg of granules. The total transportation cost on 111,190 kg is 495,000 Rs. Table 4.6 shows the detail of these values. 
[bookmark: _Toc65232026]Table 4.6 Transportation cost calculation
	Transportation cost 

	Number of order
	Imported PPE (Kg)
	Number of container used 

	1st Order 
	37,500
	05

	2nd Order 
	21,990
	03

	3rd Order 
	15,000
	02

	4th Order 
	22,000
	03

	5th Order 
	14,700
	02

	Total 
	111,190
	15


Total imported PPE per month (Kg) = 111,190
Cost per container (Rs) = 33,000
Total containers used = 15
Total cost of containers (Rs) per month = 15 * 32,000= 495,000
Cost per 1 Kg per day (Rs) =111190 / 495000 = 0.2246
It is found that the transportation cost is greatest among all the costs in the ordering cost that is way it should be given a high brain storming & analyze them carefully. 
4.5.4 Total Ordering Cost
The total ordering cost per Kg can be found by adding all the ordering cost which gives the cost of 0.31 Rs per Kg. Table 4.7 shows the detail of these values.
Table 4.7 Total Ordering Cost
	Total Ordering Cost

	Term
	Cost (Rs)

	Transportation Cost (Rs)
	0.22

	Staff salaries (Rs)
	0.0057

	Unloading Cost (Rs)
	0.08

	Total Ordering Cost (Rs)
	0.31



4.6 Holding Cost
The Holding costs are the costs associated with holding or “carrying” inventory over time. Therefore, holding costs also include obsolescence and costs related to storage, such as insurance, extra staffing, and interest payments. 
4.6.1 Tax
The tax occur on the industry is sale tax & income tax which are 17% & 2.5 % respectively. The following Table 4.8 gives the value of this calculation.
Table 4.8 Tax calculation 
	Tax

	Sale tax
	17%

	Income tax
	2.50%

	Total tax
	19.500%

	Average daily production cost (Rs)
	698,300



Total tax = 19.500 %
Average daily production cost (Rs) = 698,300
Cost per1 Kg per day (Rs) = 19.5 / 698300 *100 = 0.00279
4.6.2 Security Cost
The security cost is related to secure the inventory from being cheating & stealing. There are 12 security guards but 3 are concern with the inventory so their salary is 60,000 of these three security guards. Similarly, one supervisor is concern for the supervising of these security guards who salary is 30,000 Rs. So per day salary calculation is 2,125 & average daily production cost is 698,300 Rs. Table 4.9 shows the detail of these values.
Table 4.9 Security Cost
	Security Cost

	3 Guards salary(Rs)
	60,000

	Total days 
	30

	Cost per day
	2,000

	1 Supervisor
	30,000

	Total security guards
	8

	Cost of Supervisor per month
	3,750

	Cost of Supervisor per day
	125



Total Cost of security per day (Rs) = 2000 + 2125 = 2,125
Average daily production cost (Rs) = 698,300
Cost per 1 Kg per day = 2125 / 698300 = 0.00304
4.6.3 Electricity Cost:
There are 20 lights & 15 fans in the warehouse. One light bulb is consumption electricity of80 watt & a fan is 200 watts. Cost per hour of lights is 24 Rs and fan is 51 Rs. As we know that there are 24 hours in one day, so the cost of total bulbs per day is 652.8 Rs &total fans are 1200 Rs. The cost per kg of bulbs is 0.900035 Rs and that of fans is 0.001753 Rs. Table 4.10 shows the detail of these values.

Table 4.10 Electricity Cost
	Electricity Costs

	Bulbs
	Fans

	Warehouse Store Lights
	20
	Warehouse Store Fans
	15

	1 Light electricity consumption (Watts)
	80
	1 fan electricity consumption (watts)
	200

	Total electricity consumption
	1,600
	Total electricity consumption
	3,000

	Cost per hour (Rs)
	27.2
	Cost per hour (Rs)
	51

	1 day (Hrs.)
	24
	1 day (Hours)
	24

	1 day cost
	652.8
	1 day cost
	1,224



Average daily demand cost = 698,300
Cost of bulb electricity consumption per day =27.2 * 24 =652.8
Cost per 1 Kg per day = 652.8 / 698,300 = 0.00093
Cost of fan electricity consumption per day = 51*24 = 1,224
Cost per 1 Kg per day = 1224 / 698,300 = 0.00175
Total cost per 1 Kg per day = 0.00093 + 0.00175= 0.00263
4.6.4 Damage cost 
As given in the figure that the monthly damage of granules is 17,000 kg per month, so the daily damage is 566.67 kg. The cost of one kg granules is 100 Rs so the daily damage cost is 56666.67 Rs. Table 4.11 shows the detail of these values.
Table 4.11 Damage cost
	Damage Cost

	Monthly Damage (Kg)
	17,000

	Daily Damage(Kg)
	566.667

	1Kg Cost(Rs)
	100

	Daily Damage Cost
	56666.667

	Average daily demand cost (Rs)
	698,300 


Damage cost per Kg per day = 56666.67 /6983300 = 0.08114 
4.6.5 Total Holding cost
By summing all the costs i.e. Tax, security cost and electricity cost, damage cost the holding cost can be found. The total holding cost is 0.086908 Rs per 1 Kg per day. Table 4.12 shows the detail of these values.
Table 4.12 Total Holding Cost
	Total holding cost

	Tax
	0.000279

	Electricity Costs (Rs)
	0.00263

	Security Cost (Rs)
	0.00304

	Damage Cost (Rs)
	0.0811

	Total Holding Cost (Rs) 
	0.089








[bookmark: _Toc65232027]CHAPTER 5:     DATA ANALYSIS
[bookmark: _Toc65232028]5.1 Selection of the data
The data of month is taken for the sake of simplicity because the industry use the same trend of taken data for the whole year.
Data for Granules & Yarns is given, But the analysis should be performing for only one of them. In order to select one of them, some analyses on the next section will be perform which will help to select the most expensive & critical item from them.
5.1.1 ABC Analysis
ABC analysis divides on-hand inventory into three classifications on the basis of annual dollar volume. ABC analysis is an inventory application of what is known as the Pareto principle. The Pareto principle states that there are a “critical few and trivial many.” The idea is to establish inventory policies that focus resources on the few critical inventory parts and not the many trivial ones. It is not realistic to monitor inexpensive items with the same intensity as very expensive items.
To determine annual dollar volume for ABC analysis, we measure the annual demand of each inventory item times the cost per unit. Class A items are those on which the annual dollar volume is high.
In the given figure the yarn and granules are given in monthly order
Table 5.1 ABC Analysis calculation
	Term
	Monthly Usage
	Unit Cost Per  Kg
	Total Annual Volume
	Percentage
	Class


	Granules
	216,480 Kg
	100 Rs
	21,648,000
	97.48 %
	A

	Yarn
	8,659 Kg
	230 Rs
	558,390
	2.5 %
	B

	Total
	
	
	22,206,390
	
	


5.1.2 XYZ Analysis
The XYZ analysis enables you to perform the next step of the inventory analysis. The following typical classification has been generally established. 
X materials are characterized by a constant, non-changing usage over time. The requirements fluctuate only slightly around a constant level so that the future demand can basically be forecast quite well. Y materials The usage of these materials is neither constant nor sporadic. With Y materials, you can often observe trends, for example, that the usage increases or decreases for a while, or that it is characterized by seasonal fluctuations. For these materials, it’s harder to obtain an accurate forecast. In Z materials, the usage can strongly fluctuate or occur sporadically. In these cases, it can often observe periods with no consumption at all. 
The figure shows the class distribution of each group according to XYZ category on the basis of the value of coefficient of variance.
[image: ]
Figure 5.1 XYZ Classes Criteria
Standard deviation = STDEV.P(F2:F32) (From MS Excel table)
Average = AVERAGE (F2:F32) (From MS Excel table)
Coefficient of variance = (Standard deviation / Average) * 100
The values of all these terms are given in the below table 5.2
Table 5.2 XYZ Analysis Calculation

	Term
	Standard Deviation
	Average 
	Coefficient of Variation
	Class

	Granules
	15233.811
	48067.096
	31.69 %
	Z

	Yarn
	262.950
	341.590
	76.97 %
	Z



5.1.3 FSN Analysis
In FSN analysis, items are classified according to their rate of consumption. The items are classified broadly into three groups: 
F – means Fast moving, 
S – means Slow moving, 
N –means Non-moving.

Table 5.3 FSN Analysis

	Term
	Monthly Usage
	Consumption Rate
	Percentage
	Class

	Granules
	216,480 Kg
	6983.22
	96.1 %
	N

	Yarn
	8,659
	279.3
	3.8 %
	F

	Total
	
	7226.5
	
	



5.1.4 Selection criteria of product
After integrating the ABC, XYZ & FSN analysis, the following table for both the products is found.

Table 5.4 Analysis classes of (a) Granules &(b) Yarn

	Analysis
	Criteria

	ABC
	A

	FSN
	N

	XYZ
	Z


	Analysis
	Criteria

	ABC
	B

	FSN
	F

	XYZ
	Z


(a)Granule (b) Yarn
After categorizing granules & Yarn on their perfect classes, the above tables show their class on the basis of each analysis.

Table 5.5 ABC vs FSN analysis

	 
	A
	B
	C

	F
	AF
	BF
	CF

	S
	AS
	BS
	CS

	N
	AN
	BN
	CN


	 
	A
	B
	C

	F
	AF
	BF
	CF

	S
	AS
	BS
	CS

	N
	AN
	BN
	CN


(a) Granules (b) Yarn
As it is seen that Granule is categorize on “AN” class which means that it occurs in class A & N on the basis of ABC & FSN analysis respectively.  The same scenario used for Yarn too.





Table 5.6 (ABC vs FSN) vs XYZ
	 
	BF

	X
	BFX

	Y
	BFY

	Z
	BFZ



	 
	AN

	X
	ANX

	Y
	ANY

	Z
	ANZ


(a) Granules                                       (b) Yarn
Previously the Granule was categorizing on “AN” & Yarn on “BF”. When further these AN & BF is integrating with XYZ classes of XYZ analysis, The Granules occur on “ANZ” & Yarn on “BFZ” class which means that Granules is very high expensive as compared with the Yarn. So we select Granules for analyzing the model to meet our objective.

[bookmark: _Toc65232029]5.2 Analyzing a specific model for inventory
We introduce three inventory models that address two important questions:
When to order and how much to order. We study the independent demand models because the industry works on make to stock policy. By studying the different models, the following models were given priority & were checked according to the data.
5.2.1 Economic Order Quantity (EOQ) Model 
This model is rejected because all its assumptions were fitted to our data except the following one:
Lead time is known and Consistent. Receipt of inventory is instantaneous and complete. In other words, the inventory from an order arrives in one batch at one time.
But in the data, the lead is 4 days & can’t be instantaneous which make it unfit for creating a model on it.
[image: Image result for EOQ Model]
Figure 5.2 Instantaneous Order
5.2.2 Record Accuracy
A variation of the periodic system is a two-bin system. In practice, a store manager sets up
two containers (each with adequate inventory to cover demand during the time required to
receive another order) and places an order when the first container is empty.
But in the data, the lead time is 4 days &the industry will wait for 4 days & stop the production due to unavailability of the raw materials which make it unfit for which make it unfit for creating a model on it.
[image: Image result for record accuracy]
Figure 5.3 Record accuracy

5.2.3 Cycle Counting
Even though an organization may have made substantial efforts to record inventory accurately, these records must be verified through a continuing audit. Such audits are known as cycle counting. But the selected industry doesn’t have a proper staff for audit to fulfil this scenario, so skip this analysis too.
5.2.4 Probabilistic Models and Safety Stock 
In this model, they don’t mention the ordering & holding cost but it has some effect on the total cost on the inventory & can be calculate and should be mention accurately in our data, so skip this model too.
5.2.5 Production Order Quantity Model
Such cases require a different model, one that does not require the instantaneous-receipt Assumption: This model is applicable under two situations:
1. When inventory continuously flows or builds up over a period of time after an order has been placed 
2. When units are produced and sold simultaneously.
These two assumptions are fitted to our data,
Under these circumstances, we take consider daily production (or inventory-flow) rate and daily demand rate. But we take the average demand & production per day of the whole month & then proceed it to the whole year for model building. 

[image: ]
Figure 5.4 POQ model presentation
Q = Number of units per order
H = Holding cost per unit per year
S = Ordering cost per unit per year
p = Daily production rate
d = Daily demand rate, or usage rate
t = Length of the production run in days 
[image: ]…………………………… (4.2)
The industry is run for 340 days per year. So we found annual ordering & holding cost per year.
Table 5.3 Data calculation for POQ model
	S. No
	Index
	Code
	Value

	01
	Average Daily Demand
	d
	5935 Kg

	02
	Average Daily Production rate
	p
	6983 Kg

	03
	Annual Demand
	D
	201790 Kg

	04
	Annual Holding Cost per Kg
	H
	29.24 Rs

	05
	Annual Ordering Cost per Kg
	S
	105.4 Rs

	06
	Lead Time
	L
	36 hrs or 1.5 day


After putting the data in the equation 4.2, it is found the value of Q in POQ model is
Q* = 3113.4146 Kg
As seen from the data of granules, the daily production lies between 5360Kg & 9920Kg which effect the cost optimization of the ordering & holding cost. It is because the daily production is very low as indicated by the equation.
5.2.6 Ordering Inventory
The inventory require the following production run “t” which means quantity of units that are produced contiguously by a production line. It is common for a factory to produce one type of item until desired levels of inventory are achieved.
It can be found through the following equation 5.3
t = D/Q*…………..……………………………………5.3
Its value is found by putting data in above equation 5.3 which is given below
t = 64.8131 per year
Its mean that 205 times, the order should be given per year to fulfill the year demand.
Similarly, the maximum inventory that should be kept is found by putting values in the following equation 5.4
Maximum Inventory = Q* x H (1-d/p) .............…….……….…. 5.4
Maximum Inventory = 15,049.62 Kg
In this way the Re-order point should be found by putting values in the following equation 5.5
Re-order point = d x L ..……………………………………5.5
Re-order point = 8902.5 Kg
The ordering inventory should be found by following equation 5.6 which is give below
Ordering Inventory = Max Inventory – reorder Point……….. 5.6
Ordering Inventory = 6147.12 Kg
As one container can transport up to 8,000Kg, they order one container in order to lower the transportation cost & lies below the maximum inventory level.


5.2.7 Inventory Reduction
As given from table 4.1, the stocked inventory was 80,000 Kg but now the maximum inventory level is 15,049.62 Kg as shown by Figure 5.4, so there is a huge reduction in the inventory is occur.
[image: ]
Figure 5.5 Inventory Reduction

5.2.8 Cost Reduction
As given from table 4.1, the stocked inventory was 80,000 Kg which carrying inventory cost 8,000,000Rs but now the maximum inventory level is 15,049.62 Kg & having cost 15,04,900Rs, in this way 64,95,100Rs cost is saved.
In this way, the holding & ordering cost is reduced through the following way as shown in table 5.4 and 5.5 respectfully.

Table 5.4 Holding cost reduction
	Holding cost reduction

	Holding cost per Kg per day
	0.089 Rs

	Holding inventory 
	80,000 Kg

	Total holding cost for 80,000 Kg inventory 
	7,120 Rs

	After inventory reduction:

	Holding inventory
	15,049 Kg

	Total holding cost for 43,182 Kg inventory 
	1339.361 Rs

	Holding cost reduction
	5780.639 Rs



Table 5.5 Ordering cost reduction
	Ordering cost reduction

	Ordering cost per Kg per day
	0.31 Rs

	Holding inventory
	80,000 Kg

	Total ordering cost  for 80,000 Kg Inventory
	24,800 Rs

	After inventory reduction:

	Holding inventory
	15,049 Kg

	Total ordering cost for 43,182 Kg inventory
	4665.19 Rs

	Ordering cost reduction
	20,134.81 Rs










[bookmark: _Toc65232030]CHAPTER 6:     RESULTS & DISCUSSION
[bookmark: _Toc65232031]6.1 Introduction
This chapter is focused on results obtained from the analysis.  Daily production, Daily demand, Recycled granules, ordering inventory, Yarn ordering, holding cost, ordering cost and total costs will be discussed in separate sections for the sake of simplicity. The results are obtained from cost analysis and POQ model.
[bookmark: _Toc65232032]6.2 “Q*” Value for POQ Model
As we determined that the industry is utilizing the granules some times less and some times more. Due to which the holding cost increases on granules stored in the inventory. According to our research the industry should utilize 9845.4783 kg granules daily for manufacturing mates.
[bookmark: _Toc65232033]6.3 Analysis for granules and yarn
First of all, we determined that the industry use both granules and yarn as raw materials for which we done ABC analysis, FSN analysis and XYZ analysis. The importance of granules was more than Yarn according to ABC and FSN analysis because the granules occur in A and N class as shown in Figure 4.2 which give them great importance.
[bookmark: _Toc65232034]6.4 Discussion
Table 5.1, Table 5.2, and Table 4.12 shown in chapter 5 is the ABC analysis, XYZ analysis and FSN analysis respectively.
ABC analysis shows us that the granules lie in “A” class while the yarn lies in B class with a percentage of 97.48 % of granules and 2.5 % of yarn. In the first row the calculation for granules percentage has been done while in the second row the percentage calculation for yarn has been done. The last column shows us both granules and yarn percentage calculation. 



	Term
	Monthly Usage
	Unit Cost Per  Kg
	Total Annual Volume
	Percentage
	Class


	Granules
	216,480 Kg
	100 Rs
	21,648,000
	97.48 %
	A

	Yarn
	8,659 Kg
	230 Rs
	558,390
	2.5 %
	B

	Total
	
	
	22,206,390
	
	



In XYZ analysis first of all we find the granules and yarn both which were15,233.811 and 262.959 respectively. After finding the standard deviation for both granules and yarns which was 48,067.096and 34.590 respectively. As the third column represent the coefficient of variable for both granules and yarn which are 31.69 % and 76.97 %. So the granules and yarn  
Both were placed in the Z class.

	Term
	Standard Deviation
	Average 
	Coefficient of Variation
	Class

	Granules
	15233.811
	48067.096
	31.69 %
	Z

	Yarn
	262.950
	341.59032
	76.97 %
	Z



In FSN analysis the first column shows the monthly usage of granules and yarn which are 216,480 Kg and 8,659 Kg. The consumption rate is determined in the third columns which are 91.6 % of granules and 3.8 % of yarn respectively.
So the granules were placed in the N class and yarn in the F class.

	Term
	Monthly Usage
	Consumption Rate
	Percentage
	Class

	Granules
	216,480 Kg
	6983.22
	96.1 %
	N

	Yarn
	8,659
	279.3
	3.8 %
	F

	Total
	
	7226.5
	
	



So we take the granules for analysis because it has a greater effect on the inventory cost than yarn due to class A & class N criteria.

[bookmark: _Toc65232035]CHAPTER 7:     CONCLUSIONS & RECOMMENDATION
[bookmark: _Toc519046745][bookmark: _Toc65232036]7.1 Conclusion
Inventory is a major area of the any manufacturing industry, it management is important and having a great impact on the industry. As the industry mention in the research faces many problems related to the inventory management and control. The industry must have a best staff to be expert in the inventory management and control area. Generally, the manufacturing industry have the participants like production managers, supervisors, labors and security guards in the inventory area. Production managers focus on the overall production of industry. There are many models which are used to control and manage inventory but we prefer the POQ model because the assumptions of this model meet with the assumptions of the data collected by us. It is strongly recommended that Manufacturing industry due to advancements in technology need to be capable of being competed, if they want to be an active participant of challenging market shares. The higher authorities in the in the industry must have to focus on the inventory management and control. There should be strict laws, rules, regulations and policies that compel the production organizations to be a participant of inventory management and control. The higher authorities should have a proper check and balance upon the production industries that either they are working according to inventory rules and regulations or not.
[bookmark: _Toc519046746]By analyzing our data according to POQ model it is concluded that the industry should follow the above production to meet its customer demand and service level. In the analysis we show to the industry an easy pathway to meet the customer demand by finding that how much inventory should be utilize by the industry on daily bases,
[bookmark: _Toc65232037]7.2 Benefits of this research
1. Today’s every manufacturing industry is facing so many challenges related to the inventory which require management and control. The basic question which rises is about inventory management and control.
2. Without inventory management and control it is impossible to balance ordering and holding cost, which is an arising issue of now a day’s industries.
3. To meet customer demand, to become a good competitor it is necessary to go for the principles of inventory management and control.
4. Inventory control and management is an ambition of every manufacturing industry so a good step towards it must be taken.
5. The inventory management and control in any manufacturing industry generally worldwide and particularly in Pakistan have a great impact on the economy and this is the main reason this industry need a proper attention to be given. This particular research is mainly focused on local manufacturing industry and its inventory management and control.
6. [bookmark: _Toc519046747]Analysis will help the inventory management and control experts to manage and control the inventory in an efficient way.
[bookmark: _Toc65232038]7.3 Future Recommendations
Inventory management and control is a continuous process and it needs to be improved on regular basis. Hourly inventions are taking place in the area of inventory management and control and new ideas are generating continuously that’s why the research about inventory management and control cannot be stopped at particular point and further analysis and modifications needs to be done. This research is mainly focused on the inventory management and control as inventory management having many more models so managers have to work on them according to the situation.   
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