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Abstract 
This paper discusses the implications and importance of 
inventory in the management of Engineering projects. It 
showcases three vital inventory models. In each case, the basic 
analytical metrics are presented. An analysis of the 
computations required to estimate the important variables of 
each model is explained in the paper. In each phase, necessary 
algorithms are presented that will enable a computer- assisted 
solution of inventory handling using the models described. 
Finally, the paper recommends an inclusion of sound inventory 
practice as a vital requirement for the award of major 
Engineering projects in Nigeria. 

Introduction 

Inventory management is one of the most crucial components of sound Engineering practice. In 

effect, it contributes greatly to the Maintainability, Reliability and Sustainability of Engineering 

operations. It also provides a safe and healthy environment for the growth of Small Scale Enterprises. The 

subject of inventory control is a major consideration in many situations, because of their practical 

economic importance, (http://www.me.utexas.edu ). Little wonder, the use of sound inventory 

management models has assisted United States of America, China and other countries maintain an 

economy that is largely dependent on production. This has positively affected employment and per- 

capital income in these regions. 

Production and effective maintenance will continue to be a mere day-dream, unless, there is 

corresponding inventory management policy that would back them up, at all times. One of the major 

challenges facing Engineering practice today in Nigeria is the ability to properly manage Engineering 

materials which include raw materials for production construction, and spare parts for sales and 

maintenance. Engineering activities have suffered a lot of set back due to delays in spare-parts 

procurement and equipment replacement, etc. The implications of these maintenance problems are; 

closure of existing industries, fear of establishing new ones and intermittent outages production of the few 

acclaimed functional ones, unemployment etc. Levin & Markov/1972). 

Johnson/1974), defined inventory management as the systematic ordering, storage, and 

reordering of materials, spare-parts, and finished-products for the purposes of production, distribution, 

sales, and services. From this definition, it could be observed that inventory management involves the 

introduction of new stocks any possible changes in the ordering pattern, and order qualities. In large 

companies, such as aerospace industries, oil companies etc, the total inventory could relate to over one 

million assorted items. As work progresses through production, each change to a new sub- assembly or 

product-form, gives rise to a fresh category of inventory items. At the end of the day, one would expect a 

wide range of finished goods inventory. 

Consequently, the task of keeping track of the units used up, the quantity remaining and the 

quantity on order for each product as well as placing fresh orders whenever the supply gets low, can be 

very time-consuming and often frustrating. Many companies resort to computer approach in order to 

minimize the man-hours involved in the inventory process. 

Scheel &Wolak (1960), observed that it is often advisable to keep as much inventory on hand, in 

order to avoid the associated stock out-costs. 

The authors’ view, not withstanding, excess build-up of inventory does not yield any meaningful 

return to management since a unit of inventory which continuously occupies space, makes no contribution 

to the wealth of the company. More so, as obsolence sets in, the value of such item diminishes. Depending 

on the nature of the materials, physical deterioration can occur during storage and besides, it costs money 

to provide insurance for the inventory, take a physical count of it periodically as well as protect it from 

adverse weather and pilferage. 

Therefore, going by the above discussions, the number of inventory items in storage should be a 

controlled minimum quantity, rather than the maximum. This presupposes the need to understand the 

major inventory management models for daily Engineering practices and applications. 

  

http://www.me.utexas.edu/


MODEL 1: 

MODEL II: 

MODEL III: 

A very important metric for inventory control is the Economic Order Quantity (EOQ). 
Johnson (1974), noted that Economic Order Quantity is the optimal amount, or quantity of the 

respective items in the inventory for which an order would be placed, such that the cost of procuring and 
carrying such inventory could be minimized. EOQ determination varies according to the inventory control 

model in use. The three most common models treated in this paper are: 

The Uniform Single - Supply model (Basic Economic order Quantity model) The 

gradual Delivery model The Quantity Discount model. 

The Model 1: Uniform Single - Supply or the Basic Economic Order Quantity Model 

according to Lucey( 1988:196-200) is based on the following initial assumptions: 

i. The Supply lot is assumed to arrive together at one time 

ii. The Demand rate is assumed constant and continuous over the period. 

iii. The Order quantity is not affected by production capacityand storage availability 

iv. Orders placed would be received before usage. Usage during-lead-time virtually becomes 

zero. 

The diagram in fig 1 below is a representation of this model.
 

In this model, Safety stock; ql is the quantity of a particular inventory that is held in stock for the purposes 

before a fresh order is received. It is also known as Buffer stock. Recorder Point; q3 is the level of inventory at 

which point, a decision is taken to place a new order. The delivery of the new order must be received on time to 

avoid running out of stock. 

Usage During lead - Time, i.e. q3 - ql, is the quantity of the inventory capable of meeting production as order is 

expected. 

Lead - Time is the period of time, expressed in days, weeks, months, etc, between ordering and replenishment. It is 

the elapsed time between placing an order and receiving the deliveries. Scheel and Wolak ( 1960)  
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Recorder Point Calculation: 

For proper understanding of how to determine the recorder point for stock, let us consider table 1 below: 

 

R = l'; if* \ u;  .................................................. (1) 

Where 

R = Recorder point (in units) 

UL = Usage during lead time 

F = Factor based on acceptable frequency of stock - outs F* VuL = 

Safety stock 

For illustration, let us consider the following example: 

As an example, given that for a particular item in the inventory, usage during lead - time is 400 units. The 

firm places an average of two Orders in the year and the acceptable frequency of stockouts is once in 5 years. 

Determine the recorder point and the safety stock. 

R = UL F* VUL 

= 400 +1.3* V400 (1.3 is picked from table 1) 

= 400+ 1.3* 20 = 400 + 26 

Recorder Point R = 426 unit 

Safety stock = F*V uL  .......................................... (2) 

= 1.3* V 400 = 1.3 *20 = 26 units 

Levin and Markov (1972) noted that there are three primary important aspects of cost, when considering the size 

of any inventory. These are: 
The Material cost, 
The Ordering - Procurement Cost, and The 

Carrying - Holding cost. 

The Material Cost can easily be evaluated by multiplying the order quantity by the cost price per unit. Taxes 

payable on such inventory item are also added. 

The Ordering - Procurement Cost represents the total cost of placing an order and receiving it at the warehouse 
or store. It includes the cost of sending mail (eg Fax, telex, e-mail, postages etc), telephone message, cost of the 
paper - work involved and freight and delivery charges. Fig. 2 below  

Table 1: values of‘F’ for Recorder point formula 
Of order per 

Year 

Acceptable Frequency of Stock-outs 

Once per yr Once per 2yrs. Once per 3 yrs Once per 5 yrs Once per 
7 yrs 

1 0 0 0.4 0.9 1.1 

2 0 0.7 1.0 1.3 1.4 

3 0.4 1.0 1.2 1.5 1.6 

4 0.7 1.1 1.3 1.7 1.8 

: : : : : ; 

6 1.0 1.3 1.6 1.8 2.0 

The Recorder Point Formula is given as: 
 



illustrates graphically the annual cost involvement with respect to the Ordering - Procurement cost of a typical 

Engineering Project. 

It can be seen from the above graph that ordering costs are higher for smaller order quantities than for 

increasing order quantities. You will discover that it costs more to order qa than it would cost to order qc. This is 

because the annual unit cost for ordering qa which is pa is greater than the annual unit cost Pc used for ordering or 

procuring the quantity qc. 

The ordering cost graph is therefore represented by: 

Y| = P (Au/Q) ........................................ in Naira .................. (3) 

Where: 

P = procurement cost per order 

Au = Annual usage of inventory item, and 

Q = Quantity to be placed on order 

The Carrying - Holding Cost: Vaugh (1973) identified the Carrying - Holding Cost to comprise of the total cost 

of storing, protecting, cooling or heating the engineering material in order to preserve it at the warehouse. Also 

added are the insurance costs, taxes payable for storage, plus the cost of deterioration or obsolescence. 

Fig 3. below is a graphical representation of the Inventory Carrying - Holding Cost.  



The average inventory in this formulation is assumed to be (Q/2). With this, the total C Carrying - 
Holding Cost formula is slated as: 

Y2 = CUI (Q/2) + Cu ISs ....................................................... (4) 

 

With particular reference to the graphical representation in Fig 3, it could be quickly observed that the 
cost of carrying or holding units of inventory increases with the size of inventory unlike what was seen or observed 
in the case of ordering cost formulation. To determine the order quantity, that is optimal and economical in the long 
run, two vital primary cost factors are considered namely; 
The ordering Cost (Yi) and The Carrying Cost (Y2) 

It is important to note that material cost is not usually considered, since it would not influence the 
frequency of ordering. Thus: 
Total cost (Tc) = YI + Y2 

Tc = P (Au/Q) + CUI (Q/2) + Cu I Ss ..................................... (5) 

Where: 

(Au/Q) represents the number of orders placed in the year (Q/2) 

represents the average inventory level 

Fig 4 is a graphical illustration of the situation. 

 

The Total Annual cost function derived earlier is used to determine the Economic Order Quantity (EOQ). 

This is done according to Lucey (1989) by taking the first derivative of the total cost (Tc) at a minimum, with 

respect to the quantity being ordered Q, and setting the result so obtained; action is to ensure that the Economic 

Order Quantity (EOQ) point is determined along the total cost graph where Tc is at a minimum. 

Thus: 

Tc = P(AU/Q) + Cul (q/2) + Cul Ss (from equation 5) dTc 

Where:  
cu Cost per unit item 

I Inventory Carrying-Holding charge (Expressed as a percentage) 

Q Quantity being ordered 
ss Safety stock 

 

 



 
 



 

Model 11: The Economic Order Quantity (EOQ) with Gradual Delivery: is based on the following 

assumptions made by Johnson (1974) : No safety exists, Materials are supplied at a uniform rate (S), 

Materials are at a uniform rate (d), that the supply rate (s) is greater than the demand rate (d), No stock - 

costs exist. 

Using the same parameters; Au, Cu, 1, Q and P as in model I, the variables for this model is 

computed as follows: 

The Annual Ordering or Procurement Cost is found to be equal to the number of orders placed in 

the year, multiplied by the procurement cost per order, hence: 

Annual Ordering Cost = (Au/Q) P ............................... (9) 

The Annual Carrying - Holding Cost is computed as follows: 

Minimum inventory level = 0 ...................................... (10), 

Maximum inventory level = inventory build -up * period of delivery = 

(s-d) * (O/S) ..................................... (11) 

 

 
Fig. 5 Algorithm for Computation Of Economic Order Quantity (Q) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To compute the Economic Order quantity (EOQ) under Gradual Delivery; consider the graph, 

fig 6 below. From this graph, the Economic Order Quantity (OEQ) can be determined. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For Model III: The Economic Order Quantity (EOQ) With Quantity Discount 

Lucey (1989) gave the basic assumptions necessary for determining the EOQ with Quantity discount. These 

include; If Average inventory is established in line with model I and Model II, then, Quantity discount 

exists, No stock - outs are expected, No safety stock exists. Otherwise, if in line with model I only, then 

items are supplied once, and used up at a uniform rate. 

However, if in line with model II, items are supplied at a certain rate s, and used up at a given 

rate d. 

Formulation of Quantity Discount: 

Table 2 below is a typical format of the Quantity Discount Data. The major problem here is the ability to 

determine the Feasible Economic Order Quantity that is applicable to the given situation. 

  

Table 2: Quantity Discount Data Format 

Quantity Range (Units) Unit Sales Price (N) Computed 

EOQ 

Feasible 

EOQ 
0-299 250.00 7  
300-599 240.00 ?  
600-899 230.00 7 7 

900-above 220.00 7  

 

 

Fig. 7 An Algorithm For The Calculation Of EOQ For Model II 



 

The procedure for determining the Feasible Economic Order Quantity under Model (III) is as follows: 

The EOQ is computed using each of the sales prices. Note that the Cost per Unit is a function of 

the sales price. Thus, EOQ changes with change in CU. Table 2 above refers. 

Next, from the step above, the feasible EOQ is determined. In other words, if the computed EOQ 

is not in the quantity range for its price, it is considered not to be truly feasible. 

For each of the feasible EOQ obtained above, the total annual stocking cost is computed. 

Finally, the lowest comparative total annual stocking cost then determine the Economic Order 

Quantity (EOQ) for the particular item under consideration. 

Conclusion 

The three inventory models discussed in this paper have been tested and proved to be very 

effective in critical inventory and management programs. 

To fully appreciate the efficiency of these systems, the Algorithms are reduced to simple 

programs written in any computer languages preferable to the user. When integrated with the Engineering 

firm’s inventory database, it becomes very easy to generate a forecast for optimum reorder activities. The 

implication is that Engineering production, construction and maintenance down times will be grossly 

reduced. A major criterion for the award of engineering contracts should be the propensity for the 

Engineering firm to operate an intelligent inventory system based on the models outlined above.
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