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Excessive inventory is harmful to any organisation, and typically adds to
high inventory carrying costs, reducing employee efficiency, increasing
equipment expenses, and causing a loss of opportunity. This study
considers inventory management techniques for reducing and controlling
excess inventory for manufacturing industries. It uses a case study
approach to investigate the underlying causes of excess inventory, which
were identified as design specification changes, wrong items being
procured, bulk purchases, order changes by clients, intuitive buying, and
spares not being traceable. This study's findings showed that purchases
without a confirmed demand, a parked/staged fleet, changes in
specification, spares take-on, and demand changes by clients account
for 80% of the total excess stock, and so must be carefully reviewed. The
results also show that organisations could salvage money from the excess
stock if the right inventory technique were applied. The research
recommends that management set up a clear demand policy that would
require top management approval to procure inventory. The policy
would incorporate 12-month time fences and zones to allow just-in-time
delivery of inventory for immediate consumption; develop a lateral
transhipment policy; and adopt a management toolkit to dispose of
excess inventory. The outcome of this study could help organisations to
gain an in-depth understanding of inventory stock keeping units (SKU) in
order to reduce inventory holding costs.
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Oormatige voorraad is skadelik vir enige organisasie en dra tipies by tot
hoé voorraadkoste, wat werknemersdoeltreffendheid verminder,
toerustinguitgawes verhoog en 'n verlies aan geleenthede veroorsaak.
Hierdie studie oorweeg voorraadbestuurstegnieke vir die vermindering
en beheer van oortollige voorraad vir vervaardigingsbedrywe. Dit gebruik
'n gevallestudie-benadering om die onderliggende oorsake van oortollige
voorraad te ondersoek, wat geidentifiseer is as veranderinge in
ontwerpspesifikasies, verkeerde items wat verkry word, grootmaat-
aankope, bestellingsveranderinge deur kliénte, intuitiewe aankope en
onderdele wat nie naspeurbaar is nie. Hierdie studie se bevindinge het
getoon dat aankope sonder 'n  bevestigde vraag, 'n
geparkeerde/gefaseerde vloot, veranderinge in spesifikasies, onderdele-
aanname en vraagveranderinge deur kliénte 80% van die totale oortollige
voorraad uitmaak en dus noukeurig hersien moet word. Die resultate
toon ook dat organisasies geld uit die oortollige voorraad kan red as die
regte voorraadtegniek toegepas word. Die navorsing beveel aan dat
bestuur 'n duidelike vraagbeleid opstel wat goedkeuring van topbestuur
vereis om voorraad aan te skaf. Die beleid sal 12-maande tydheinings en
sones insluit om net-betyds aflewering van voorraad vir onmiddellike
verbruik moontlik te maak; 'n laterale oorlaaibeleid ontwikkel; en 'n
bestuurshulpmiddelstel aanneem om oortollige voorraad te verkoop. Die
uitkoms van hierdie studie kan organisasies help om 'n diepgaande begrip
van voorraadhoudingseenhede (SKU) te verkry om
voorraadhoudingskoste te verminder.
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1. INTRODUCTION

Inventory can be classified as working capital in the form of goods. The inventory in railway industries such
as Company X is mostly maintenance spare parts and raw materials, which cost money to have on hand.
This is especially true in Company X, where the primary financial goal is to maximise value, and inventory
management helps to achieve that goal. According to Penny et al. [1], inventory management encompasses
all activities associated with creating and maintaining a level of inventory of raw materials, work-in-
progress (WIP), and finished inventory such that enough materials are available, and the costs of
overstocking or understocking are kept to a minimum. Sohail and Sheikh [2] emphasised that rigorous
management is necessary for inventory because it is one of a company’s most significant assets. Higher
interest and storage expenses are incurred when inventory is retained at a high level; nonetheless, low
levels of inventory cause frequent disruptions in the manufacturing schedule, which underuses capacity
and lowers revenues. Inventory management’s objective is to determine and preserve the best possible
amount of investment in inventory that would help to attain the desired objective. A deeper knowledge of
this is offered by the inventory management control of operational costs.

Company X specialises in preserving and repairing locomotives and manufacturing wagons, coaches, and
other parts for rolling stock and related transportation equipment. It has been holding a combination of
excess inventory, which is worth R1.3 billion, for a period of eight years [3]. The inventory held at the
organisation are items that were not consumed in the twelve-month period of the fleet maintenance cycle,
which then resulted in holding obsolete, excess, or slow-moving inventory. These inventories either tie up
capital or cash since they have no demand, or they are obsolete. An excess of inventory is disruptive,
causing storage problems for factories that are designed for lean, just-in-time manufacturing systems.

Company X responsibilities include ensuring the availability of locomotives and wagons for Freight Rail.
However, owing to a high level of obsolete inventory, the firm is unable to ensure the availability of trains
for the coal, iron ore, and manganese lines, since it is unable to borrow or buy spare parts to return
damaged locomotives and wagons to operation in order to generate income [3]. The researcher’s
preliminary findings revealed that Company X had more than 300 parked locomotives as a result of a
shortage of raw materials and spare parts to bring these locomotives into service, and that it had stock on
hand (SOH) worth R2.6 billion that had been bought to maintain and manufacture rolling stock equipment
[3]. Fifty per cent (50%) of the R 2.6 billion would not be consumed, as the stock items were either obsolete
or incorrect spare parts for the current fleet that required maintenance [3]. This was evidence of
inefficiencies in inventory management. Thus, it was necessary to develop a proper and sustainable
inventory management system. In the light of this, the aim of this study was to develop such an inventory
management system for Company X.

The objectives were to identify and classify excess inventories and their root causes at Company X, and to
develop a sustainable inventory management system to mitigate the impact of excess inventory to aid
management decisions, especially when they had a limited budget for procuring spare parts and raw
materials.

e The following are some of the research questions that were formulated to address the research
problem:

e What various categories of excess inventory are held at Company X?
e  Which categories of excess inventory held at Company X are the “vital few”?
e What are the causes of holding excess/obsolete and non-obsolete inventory at Company X?

e Which methods and strategies should be deployed to generate value out of the excess/obsolete
and non-obsolete inventory held at Company X?

Inventory decisions had to consider the reordering costs, inventory carrying costs, short-run costs of
inadequate supply, and control system costs. It was simpler to categorise the expenses in two parts: a
constant component that is independent of the size of the replenishment, and a variable component that
includes the cost of materials. Carrying costs include the expense of borrowing the cash that has been held
up or been unavailable for use in investment, warehouse operation costs, insurance, taxes, and
obsolescence. Many businesses in today’s economic climate are plagued by excess and obsolete inventory.
Organisations with improper strategies for inventory management are more likely to suffer losses because
of either high carrying costs or lost sales [5]. Thus, effective inventory management is critical to an
organisation’s profitability because it represents a significant investment in working capital [6], particularly
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for maintenance and manufacturing companies. However, effective inventory management remains a major
problem for firms [7].

This study is significant in that it could provide an in-depth understanding of inventory stock keeping units
(SKUs) and reduce the inventory holding costs at Company X. Proper inventory management would help
organisations to maximise their profit potentials and also to reduce inventory deterioration because of the
corrosion of steel items and the expiry of consumables inventory items such as rubber and paints. This study
also adds to the understanding of the concept of inventory management, including its principles, strategies,
and models. While numerous studies of inventory management have been undertaken, none have explicitly
focused on the development of a sustainable inventory management system for Company X.

2. LITERATURE REVIEW
2.1. Overview of inventory management

Inventory is the stock kept by an organisation to meet future production requirements [6-7]. Srour and
Azmy [8] stated that effective inventory management has a positive impact on return on asset and return
on equity. Khan and Siddiqui [9] argued that an inventory is the stock of physical items kept at a certain
storage location. Khalid and Lim [6] stated that it is a block of working capital maintained as raw materials.
Khobragade et al. [10] maintained that an imbalance can offset the production schedule whereas, in the
manufacturing cycle, efficient inventory management systems can reduce cost, waste, and time [11].
Mishra and Salunkhe [12] and Riza et al. [13] noted that inventory’s primary function is to keep a business
operating efficiently in an expectable environment at a minimum cost. Sarma [14] showed that keeping
inventory serves the objective of separating the purchase and selling activities. According to Urissa [15],
companies must keep inventory in warehouses in order to satisfy customer requirements. Sarma [14]
showed that inventories are kept in excess of what is required for the production run in order to prevent
supply constraints. Gurtu [16] maintained that keeping inventory helps a business to prevent variations in
demand and supply from having an impact on sales or output. Muller [17] highlighted that inventories help
to sustain continual production. Manufacturing companies maintain inventories to guide against unexpected
changes in demand and supply and to improve the continuous flow of production by making certain that
the vital components are available to allow for economical production runs [18]. Inventories help to
accommodate variations in product demand, reducing the occurrence of stockouts and allowing goods to
be distributed at a reduced cost. It provides for greater flexibility in the manufacturing schedule, and helps
to decouple successive phases of operations so that when a problem, such as a machine breakdown or
shortage of supplies, occurs in one department, the effect is not seen in the phases of operations that
follow it. While the problems in the affected department are being resolved, other departments with
appropriate inventory stock can continue to operate normally. Thus, inventories help to balance industrial
processes, sustain employment, and so enhance employee relations by storing both human and machine
contributions. It allows an organisation a hedge against unexpected pricing and delivery uncertainty from
strikes, inflation, and price increases, thereby offering a way to achieve economic lot sizes and quantity
savings. However, excessive inventory is harmful to any organisation, and typically adds to high inventory
carrying costs, which decrease worker productivity, increase equipment expenses, and cause a loss of
opportunity. According to Nnamdi [19], excess or surplus inventories are SKUs with substantial stock on
hand compared with the average annual consumption. George [20] investigated whether inventory
management had an influence on a company’s net earnings, and discovered that firms with a shorter
inventory conversion time or a higher inventory turnover ratio had higher net profits than those with a
higher inventory conversion period or a lower inventory turnover ratio. A review by Negi and Kharde [21]
identified the following factors that contribute to excess inventory: forecasting inaccuracy, leveraging on
volume purchases, mistakes in data input, communication gaps, concerns about quality, obtaining the
incorrect material, and an ineffective inventory management system. The cost of excess inventory during
the year can range from 20% to 40% of the inventory value [21]. According to Nnamdi [19], excess and dead
inventories are caused by a change in the original equipment maintenance strategy, the use of substitute
spare parts, the entry of new spare parts, and transient or long-term changes in demand.

Before a product becomes obsolete or unsellable, it goes through several stages before it can no longer be
sold. Typically, slow-moving inventory moves into excess inventory, then finally into obsolete inventory.
An organisation with excess stock on hand faces a critical inventory management decision. It has a range
of options for disposing of excess inventory: returning it to the supplier, selling it to a third party, or even
scrapping it. However, when disposing of excess inventory, it is necessary to determine an optimal retention
period (e.g., no disposal period), to determine an optimal disposal quantity, and to model how many items
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to dispose of simultaneously and when. Ngugi [22] argued that maintaining inventory at the lowest cost
while still ensuring a supply for continuing operations is the main objective of inventory management.
Inventory management systems minimise costs, maximise profits, and meet customer needs by ensuring
that enough inventory is available at the right time and location, and of sufficient quantity and quality. In
order to become more competitive, African manufacturing enterprises need to use sustainable inventory
management systems. Ngugi [22] emphasised the importance of inventory management control in reducing
an organisation’s total operating costs.

It is worth noting that one of the most crucial assets that most organisations own is their inventory because
of how critical its turnover is to generating revenue and, ultimately, profits for the company’s stockholders.
While a large inventory has traditionally been considered an advantage, with the development of innovative
inventory management strategies, excessive inventory has been seen as counterproductive because of its
high carrying costs. A study has suggested that the annual inventory holding costs should be kept between
20% and 40% of the total material costs [23]. Consequently, most companies explore various methods to
reduce their inventories, such as consignment stock and vendor managed inventory (VMI). At Company X,
excess inventory was around 50% of the total inventory.

The terms “excess”, “surplus”, and “obsolete inventory” are sometimes used interchangeably. Obsolete
inventory is a product that has reached its end of useful lifecycle and that is not likely to sell in the future
because it does not have value or demand. Obsolete inventory could be as a result of a series of events
such as incorrect forecasting, an inappropriate inventory management system, poor goods or design quality,
clumsy purchasing, and misleading lead times. If any of these are problems, businesses should closely
examine their processes and take the necessary steps to fix them before they suffer financial loss. According
to Nnamdi [19], excess and dead inventories could be attributed to changes in maintenance policies or
changes in spare part use, the introduction of new spare parts, and temporary/permanent variations in
demand. Nnamdi [19] recommends that excess, surplus, and dead inventory be disposed of, scrapped, or
sold at a loss, and that organisations develop a policy for disposing of excess inventory [19].

A supply chain manager needs to take three steps to reduce excess inventory in a manufacturing facility:
identify potential excess materials; review the items with value chain stakeholders to determine whether
they are indeed excess; and dispose of the materials in a way that maximises revenue [19]. High levels of
excess inventory can affect an organisation’s profitability and long-term viability. The company has already
spent money on these items and, in the case of manufacturers, time has already been invested - expenses
that the company will not be able to recover. Furthermore, the longer that excess inventory is kept on
hand, the more money it costs. Nnamdi [19] argued that using warehouse space to store a significant volume
of inventory could only increase the organisation’s costs if the inventry were not consumed within 12
months. Holding excess inventory also carries the risk of its becoming obsolete before it can be sold [24].
Pourhejazy [25] argued that, as you keep a product on hand for a longer period of time, its quality and
value diminish; and so such a company must provide for that depreciation. Insurance charges increase as
storage facilities and inventory values grow [25]. According to Sugiono and Alimbudiono [26], excess
inventory has a direct impact on the newness or deterioration of goods, and on the high carrying cost of
stock. The financial burden of maintaining excess inventory is created in the context of inventory carrying
costs, and is primarily associated with the cost of dating, which is addressed in both physical and monetary
terms [27].

2.2. Policies of inventory management

Inventory policies are critical in directing inventory decisions in order to achieve effective management of
inventory in organisations. Inventory policies must be developed, implemented, and evaluated in order for
businesses to manage inventory effectively and so ensure that customers are fulfilled. Chithraponnu and
Umamaheswari [28] highlighted that decisions made about inventory management could affect an
organisation’s survival. According to Panigrahi [29], inventory control is the practice of maintaining a
company’s inventory levels in accordance with inventory policy, such as continuous and periodic reviews.
Kurdhi and Doewes [30] discovered that an inventory policy is affected by the review period. Arismawati
and Prastyabudi [31] suggested that an appropriate inventory policy would be based on the specifics of the
technical process. Goltsos et al. [32] stressed the importance of inventory policies in providing a practical
and guided approach to decision-making, such as about the quantities of items to reorder. Under a periodic
review policy, the inventory level is reviewed once per period [30]. In the view of Rizkya et al. [33], a
continual review policy is an inventory monitoring policy in which the ordering process is carried out when
the inventory level has attained the reorder point. The same view was expressed by Kurdhi and Doewes
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[30]: that, under a continuous review policy, the inventory level is constantly monitored. This policy states
that, when the inventory level attains the reorder point, a fixed quantity is ordered. This type of inventory
management is shown in Figure 1, in which it is evident that demand is variable.
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Figure 1: Continuous review and reorder point (s, Q) [24]

The focus of supply chain mangers should be to reduce the risk period (L) because that would reduce
inventory levels and prevent the further accumulation of excess stock. In contrast, a periodic review shows
that the inventory level is frequently monitored and that reorders are placed to increase the inventory
level to a predetermined level [30].

Figure 2 shows a fixed-period policy. As may be observed, demand is stochastic.
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Figure 2: Periodic review policy with stochastic demand [24]

Some inventory management policies include such elements as the ABC classification, economic order
quantity (EOQ), EOQ with backordering, the quantity discount model (QDM), and multiple product EOQ.

2.2.1. ABC classification

The ABC classification method is based on the Pareto principle for assessing which items should be
prioritised in inventory management. According to the Pareto principle, 20% of the items account for 80%
of sales. May et al. [34] asserted that the ABC analysis groups inventory items into three categories, based
on their importance: items in class A are the most valuable, class B items are relatively important, and
class C items have less significance. Up to 80% of the revenue comes from as few as 20% of the items
designated as class A. Class B items contribute the remaining 15% (from 80% to 95%) of revenue, while class
C items account for the remaining 5% of revenue. In the light of this, control policies and methods can be
described once categories and classes have been established [34].

Douissa and Jabeur [35] highlighted two methods that are used to accomplish the ABC classification of
inventory items: ranking and classification. The ranking approach, or the ABC categorisation of SKUs, is
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achieved based on the item ranking. According to the classification method, inventory items are
categorised, using the ABC system, based on similarities between the objects that need to be classified and
the usual items that belong to each category [35]. Our understanding is that the present categorisation
models use the first strategy to allocate inventory items to ABC groupings or classes. According to Douissa
and Jabeur [35], ABC categorisation is carried out using three ranking-based methods: the mathematical
programming (MP), meta-heuristics (MH), and multi-criteria decision-making (MCDM) techniques. The MP
method suggests linear and non-linear organisational models to calculate each item’s score; as an outcome,
an array of weights is formed to maximise each item’s performance, which is represented by a weighted
score [35]. When there are a lot of inventory items, many optimisation models need to be solved, which is
the fundamental drawback of MP classification model strategies. The MH techniques strongly advise using
well-known meta-heuristics such as the genetic algorithm, particle swarm optimisation, and simulated
annealing to calculate the criteria weights [36-37]. The item evaluation on the various criteria is then
merged with these criteria weights, using more or less aggregation algorithms such as weighted sum to
compute the weighted score for each item. The third group of methods, MCDM, propose a two-step
methodology to categorise inventory items into ABC categories. The analytic hierarchy process (AHP) is
used once in the first step to calculate the criteria weights, and an aggregation rule is used in the second
step to determine the overall score for each inventory item [35].

2.2.2. Economic order quantity

In inventory management, EOQ is used to determine the optimal delivery size and to select the least
expensive supplier, resulting in the least overall cost of investment in inventories. EOQ is defined in
inventory management as the order quantity that reduces the lot size, ordering cost, volume of orders,
annual cost, holding cost, order size, and amount of inventory.

The EOQ model uses the exchange between ordering cost and storage cost to determine the quantity to
use in replenishing inventory. A bigger order lowers the frequency of orders, and so lowers the cost of
placing orders, but it also requires keeping a larger average inventory, which raises the cost of retaining
the inventory. On the other hand, a smaller order size decreases average inventory, but requires more
frequent ordering and involves a greater ordering cost.

Equation 1 can be used to compute the EOQ model.

E0Q = %C (1)

where D denotes demand per time unit, ¢ denotes ordering cost, and C;, denotes carrying cost per unit.
2.2.3. EOQ with backordering (planned shortages with backorder)

The conventional inventory system made the implicit assumption that the customer would make a payment
to the seller as soon as he received the goods. However, the seller typically grants the consumer a grace
period to pay for the products in today’s competitive market. The consumer can also use trade credit as a
strategic instrument to increase the demand of his customers. Shajalal et al. [38] developed a model for
predicting backorders that uses a deep neural network to mitigate lost sales and reduce merchandise
backordering costs. Huang and Wu [39] showed that introducing backordering could minimise inventory
costs for businesses. Li et al. [40] broadened their study’s focus to include trade credit by taking acceptable
payment delays into account as part of backordering EOQ studies. Mondal et al. [41] created a fuzzy EOQ
model to account for the uncertainty of various costs and banking interests, incorporating the system of
inventory control. One of the fundamental tenets of the EOQ methodology is that backordering and
shortages are not permitted. Nevertheless, it is presumed that any demand that cannot be met owing to a
shortage of inventory could be backordered and delivered to the customer at a later date.

2.2.4. Quantity discount model

The EOQ model determines how much to order by assuming that the cost per unit of ordered goods remains
constant, irrespective of the number of units purchased. However, when order quantities are large, it is
common for vendors to offer discounts. The EOQ may fluctuate when discounts are included in the
calculation. The concept of quantity discount models has been substantially altered by the just-in-time
production system, also known as the lean manufacturing system. These systems typically have substantially
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smaller orders. Khorasani and Almasifard [42] defined a quantity discount as the reduction in the unit cost
of an item when purchased in large quantities. There may often be a trade-off between a reducted product
cost and an increase in the holding cost because of excess inventory.

2.2.5. Multiple product EOQ

Traditional methods for calculating the EOQ in inventory management presuppose a predetermined demand
for a single product, usually at a constant rate. Mubiru [43] developed an optimisation model to determine
the EOQ that would reduce the inventory costs of multiple products under a periodic inventory monitoring
programme with parametric uncertainties or stochastic demand. Maddah et al. [44] argued that
enumeration could be used to identify the ideal substitution scenario in an EOQ setting, and suggested
heuristic method to minimise the enumeration effort. Jonrinaldi et al. [45] suggested a multiple items EOQ
model that takes discrete and continuous demand into account where a variety of delivery systems would
be used to meet discrete demand. Eksler et al. [46] argued that a buyer would typically prefer to consume
a product with comparable qualities or functionality when he learns that a desired product is not available,
rather than making no purchase at all. Khalilpourazari et al. [47] suggested a multi-product EOQ model
with imperfect products in supply deliveries. The usual incorrect assumptions in the standard EOQ model
are that all purchased items are of excellent quality and that demand is constant. Nonetheless, in a real-
world setting, some of the acquired goods could sustain damage as a result of carelessness or an accident
during the shipping process, and the demand rate might change over time. As a result of this problem,
many recent researchers have concentrated on the inventory model with defective quality products. Studies
commonly assume that defective items are revoked or removed at the conclusion of the product cycle and
subsequently sold at a reduced price [48].

3. METHODOLOGY
This study uses the quantitative research approach. The quantitative research methodology was chosen to
analyse numerically the nature of the inventory management system currently used in Company X, to

identify its pitfalls, and to come up with controls and strategies to improve this system. Figure 3 presents
the procedure followed in conducting this study.

B - - }

Collect Int t
nterpre
data and
—* results and
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- draw
Review concept — ;
l conclusions
) and theory
Define Formulate Research
research research [ design
problem Review previous questions

research findings I

Figure 3: Research design
3.1. Case study

Company X deals with maintenance spare parts and raw materials, which cost money to have on hand. The
primary financial goal of this company is to maximise value, and effective inventory management could
help to achieve that goal. Company X specialises in preserving and repairing locomotives and in
manufacturing wagons, coaches, and other parts for rolling stock and related transportation equipment. At
the time of this study was conducted, it had held a combination of excess inventory, worth R1.3 billion, for
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eight years [3]. However, given a high level of obsolete inventory, the firm is unable to ensure the
availability of trains for the coal, iron ore, and manganese lines, since it is unable to borrow or purchase
spare parts to return damaged locomotives and wagons to operation in order to generate income [3]. The
preliminary findings of the researcher were that Company X had more than 300 locomotives parked as a
result of a shortage of raw materials and spare parts that made it unable to bring these locomotives into
service; and that it had a stock on hand (SOH) of R2.6 billion that was bought to maintain and manufacture
rolling stock equipment [3]. Fifty per cent (50%) of the R2.6 billion would not be used, as it was either
obsolete or not the correct spare parts for the fleet that required maintenance [3]. This was evidence of
inefficiencies in inventory management. Thus, it was necessary to develop a sustainable inventory
management system to ensure proper inventory management. In the light of this, the aim of this study was
to develop a sustainable inventory management system for Company X.

3.2. Data collection

Secondary data such as inventory reports, a material movement history, and inventory requirements reports
obtained from Company X for the financial years from 2016/2017 to 2020/2021 were analysed to solve the
research problem. The inventory report provided information about the material, valuation area (ValA),
total stock, total value, and moving average price, and the standard price; these were analysed to identify
the total inventory held at Company X.

The material movement history listed all the material documents that had been posted, including the last
date received and the date on which the material was issued to production, the purchase order, the vendor,
and the storage location. The output data was used to determine the excess stock. All material not used
within 365 days was considered excess stock. The details of the inventories that were ranked using ABC
analysis and classified into ABC codes are shown in Table 1.

Table 1: ABC analysis of inventory requirements report

Material Description ABC ABC code
068014637 ADAPTOR; SUBFRAME BOGIE MK-5 A S
0680168148 BEAM; BRAKE; FOR DIA 32 LVR PIN A R
068016826 BEAM BRAKE L/H HSBOGIE MK 5 B S
CANOPY-M-HEAVY MAINT.; EQUIP.; CANOPY MEDIUM HEAVY B

068007593 BRAKE BEAM RAILWAY CAR; RH, WAGON B S
868010003 BRAKE BEAM RAILWAY CAR; CNTR, LG 311 MM B R
068083860 BRAKE SHOE RAILWAY CAR; RH BRAKE BEAM B R
068083859 BRAKE SHOE RAILWAY CAR; LH BRAKE BEAM B R
011380716 ANCHOR; CROSS, FST, HS, HSBOGIE MK5 B w
068016207 BAR; CROSS ANCHORBOGIE MK 5 B S
068021647 BRAKE BEAM RAILWAY CAR; RIDE CNTL B

068016786 BRAKE BEAM 32 LEVER PIN ASSY WAGON MK2 & 5 B S
011847845 PIPE METAL; PIPE SZ: 32MM, 6 M, SS, 316 C

068008448 PIN CROSS ANHOR WITHBUSH 10 MK5 C S
068003243 ADAPTOR D TYPE BEARING UNIT SG C S
068053958 STRAP; SFTY, BRAKE BEAM C R
068047984 BAR TIE; ROD BRAKE BEAM C R
8680100028 CLEAN, COMP;/18 BRAKE SHOE C F
8680100018 CLEAN, COMP;/17 BRAKE SHOE C R
545661493 ADAPTOR CASTING CLASS “D” BEARING C R
068041408 NUT ROUND; M32,METRIC, 2 TPI, STL, HT:43 C R
0680008436 PIN LOCK; BUSH CROSS ANCHOR C S
068003231 ADAPTOR; BRG C-CL, CS, BOGIE C S
068008550 PLATE WEAR; BRAKE BEAM MK3/5/7 BOGIE, 4 MM C R
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3.3. Data analysis

A descriptive statistical approach was used in this study, since it allowed for the data to be presented
clearly and understandably. Kaur et al. [49] stated that descriptive statistics is typically the number one
step statistical process undertaken during the quantitative process of data analysis. De Smith [50] observed
that descriptive statistics define the primary characteristics of data collection.

The secondary quantitative data to be collected was analysed using descriptive statistics such as tables for
data visualisation in Microsoft Excel and Pareto graphs. Charts and tables were presented so that they
clearly illustrated a conclusive picture from statistical evidence that was derived from the data in order to
emphasise the conclusion of the research.

3.4. Problem-solving methodology

An ABC analysis was carried out on the inventory report and the inventory requirements report to classify
the various inventories held at Company X. Pareto analysis was used to determine the “vital few”
inventories held at the company. The following steps were used to compute the ABC analysis:

e Gathering data. The output was the total inventory held at Company X. The inventory data
included active and inactive materials per valuation area; total stock in quantities and unit prices
per item (multiplied to obtain the total value per item; and the periods (the report consisted of
the purchasing history of the material items).

e  ABC classification.
e Grouping of items according to the reasons for procurement, using management reports, such as

spares left over after a project had been completed, or items bought in anticipation of a demand
that never materialised.

e Computation of cumulative percentages.
e Creation of Pareto curve.

A fishbone diagram was used to evaluate the root causes of holding excess inventory according to the
researcher’s evaluation of the inventories at company X. Many methods and strategies that could be used
to convert the excess inventories held by the organisation to cash were identified and screened to
determine the most suitable method to generate value out of the excess inventories. A suitable inventory
management system, premised on the use of a relevant inventory management model that was available
in the literature, was developed to ensure effective inventory management at company X.

4. RESULTS AND DISCUSSION

Figure 4 shows five-year inventory (closing stock on hand) data for Company X. The analysis is based on the
active stock versus the Inactive stock. Active stock are items that show frequent movement in being issued
to maintenance and production lines, and inactive or dead items are those that have not moved for a period
of twelve months (365 days).
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Figure 4: Active vs inactive stock
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Figure 4 indicates that in the financial year 2016/2017 (FY 16/17), the value of Company X’s total stock on
hand was R1.95 billion and that 78.9% (R1.54 billion) was excess or inactive stock. The stock was held in
various warehouses around the nine provinces. In the FY 17/18, the value of the total stock was R2.15
billion, of which R0.97 billion was classified as excess stock. The value of the total stock in the FY 18/19
was R2.3 billion, of which the excess stock was R0.97 billion. In FY 19/20 and FY 20/21, the total value was
R2.5 billion and R2.6 billion respectively, of which the excess stock constituted R1.29 billion and R1.4
billion respectively. There was thus an upward trend in the value of the active and excess stock and of
quantity in Company X for the five years in question.

A thorough investigation was conducted to understand a composition of the stock, and it was found that it
did not grow excessively in quantity and but in value. This was because Company X used standard prices
for finished or semi-finished material and moving average price for raw materials and external
procurement. Although TE continued purchasing stock without confirmed demand, the main contribution
to the high stock value was the moving average prices. The finding was that a lot of excess stock was as a
result of items being left over after a programme had been completed.

4.1. Categories of excess inventories held at Company X.

The researcher compiled a list of the excess inventory items held at Company X, conducted a thorough
investigation of each valuation area, and grouped the items according to the project or programme for
which they were intended. Table 2 lists the items classified as excess stock and grouped by programme or
project.

Table 2: Category of excess stock

Row labels Sum of value on hand Count of stock on  Contribution (%)
(Rands) hand (Rands)
Changes in specification 424,035,457.24 9,427 34
No demand 212,207,085.04 20,995 17
Parked/staged fleet 166,520,180.53 13,521 12
Changes in bill of materials 105,039,882.84 2,013 9
Spares uploads 93,270,233.24 6,889 8
Cancelled programmes 81,338,618.61 4,915 7
Strategic stock 74,206,113.33 3,307 6
Demand changes by the client 59,462,650.79 5,206 5
Completed projects 8,743,184.54 1,111 1
Spoornet merger 8,069,723.67 3,597 1
Graduate engineer accreditation material 2,619,929.93 162 0
Grand total 1,235,513,059.76 71,143 100

As may be noted from Table 2, the largest contributor to the total excess stock was a category called
“Changes in specification” which contributed 34%. These were items that could not be consumed because
the specification of the items changed in the middle of the production; as a result, Company X had to
procure more materials to finish the production. The second-largest contributor, at 17%, was items
procured by the management of Company X without a confirmed demand for them. These were bought in
anticipation of a PRASA contract and other programmes that were in the pipeline. The third-largest
contributor, at 13%, was items held in stock after the fleet of locomotives were discontinued by
management because of its age and the difficulty of finding other spare parts. The fourth-largest category
of items, at 9%, was identified as “Changes in specification”; these were excess owing to changes in bills
of materials (BOM). Stock taken on from customers made up 8%; these were unplanned items that Company
X bought from a customer, Company X Freight Rail, and sold back to the customer when the company
received a locomotive for maintenance and repair. Items from cancelled programmes made up 7% of the
excess; these were items procured for a programme, but during production the quantity was reduced or
the programme was cancelled, leaving Company X with items it could not use. “Strategic stock” formed 6%
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of the excess; these were items held in stock that were no longer being produced or manufactured, and,
to procure them, Company X had to develop a supplier to produce them. The remaining 6.39% of excess
stock was made up of clients’ demand changes, completed projects, the Spoornet merger, and graduate
engineer accreditation material.

The Pareto principle method, often referred to as the 80-20 rule, was used in this study to identify the
categories of the “vital few” inventories held at Company X. Biswas et al. [51] defined Pareto analysis as
a technique for grouping items, events, or activities according to their perceived significance. The Pareto
principle, according to O’Neill [52], is that 20% of a company’s inventory represents 80% of the total value
of inventory on hand. Table 3 indicates the inventory holding cost or carrying cost per category at Company
X.

Table 3: Company X inventory holding costs

Row labels Sum of value on Percentage of Inventory holding

hand (Rands) carrying cost (%) cost (Rands)
Changes in specification 424,035,457.24 20 84,907,091.45
No demand 212,207,085.04 20 42,441,417.01
Parked/staged fleet 166,520,180.53 20 33,304,036.11
Changes in bill of materials 105,039,882.84 20 21,007,976.57
Spares uploads 93,270,233.24 20 18,654,06.65
Cancelled programmes 81,338,618.61 20 16,267,723.72
Strategic stock 74,206,113.33 20 14,841,222.67
Demand changes by the client 59,462,650.79 20 11,892,530.16
Completed projects 8,743,184.54 20 1,748,636.91
Spoornet merger 8,069,723.67 20 1,613,944.73
Graduate engineer accreditation material 2,619,929.93 20 523,985.99
Grand total 1,235,513,059.76 247,102,611.95

The total inventory carrying cost for Company X’s excess stock was calculated to be R247.1 million.
Typically, holding costs are computed as a percentage of the unit value, (about 20%) [53]. For the purpose
of this study, 20% was used to calculate the inventory holding cost. The items categorised as “Changes in
specification” were the highest, as they contributed 34% of the total holding costs. The holding costs were
calculated using Pareto analysis.

Figure 5 shows the Pareto chart that identified the “vital few” excess stock categories. The Pareto chart
in Chart 1 shows the accumulated percentage of excess stock and the total holding cost per category of
excess stock. The “vital few” categories were those that constituted up to 80% of the problem, while the
remaining categories were termed the “trivial many”, and contributed 20%.
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Figure 5: Pareto chart for identifying “vital few” excess stock categories

The five categories below accounted for 80% of the problems:
e Changes in specification
e No demand
e Parked/staged fleet
e Changes in BOM
e Spares uploads

Keep in mind that the line graph’s slope starts to flatten out when the first five contributors (the “vital
few”) account for 81 per cent of the total. Except in cases where a straightforward solution was provided
that would solve these categories collectively, the remaining contributors (the “trivial many”) would not
significantly reduce excess stock on an individual basis, and should be removed from the management focus
of eliminating excess stock.

Now that the “vital few” categories of excess stock had been identified, there was a need to conduct a
root cause analysis of the excess inventories to ascertain suitable practices that would ensure the use of a
suitable inventory system at Company X.

4.2. Causes of holding excess/obsolete and non-obsolete inventory held at Company X

4.2.1. Root cause analysis

Inventory analysis is crucial because it enables managers to concentrate their efforts on their most
important materials and to adjust their inventory control policies accordingly. In this study, a Pareto
principle was applied to identify the “vital few” excess inventories for the purpose of devising an inventory
control strategy that would focus effort where it would have the greatest effect in reducing excess
inventory. The root cause analysis discovered significant issues about how Company X had amassed so much
excess stock over the years. First, the warehouse team had a responsibility to safeguard the spare parts
and always ensure stock accuracy. During the investigation, it was found that inventory records on the
system did not match what was physically present in the warehouse. Figure 6 presents the root cause
analysis for the potential causes leading to excess inventory.

Spares not traceable Intuitive buying Order change
Cycle countindicator not updated Unconfimed demand Orders reduced by customers
T e
Absence of cycle count Reorder pointnot maintained Cancelled projects
Lack of item descriptions ncorrect forecasting Change in programme
. T T .
Design change Changes in bill of measurement Ermatic demand
e e
Quality issues Communication gap For R&D purposes
Specification change Duplication of item numbers Communication gap
—_——— —_— .
Design specification change Wrong items procured Bulk purchase

Figure 6: Root cause analysis of the potential causes of excess inventory

Second, it was evident that the current inventory management system and control at Company X was not
effective. The analysis discovered that excess inventory worth R212 million was accumulated through
intuitive buying: it was procured without being linked to any demand, or procured in anticipation of an
order in the pipeline. The management overlooked the inventory management processes and approved this
requisition. The findings revealed that, in order to carry out these purchases, a fictitious demand was

205



loaded on the SAP system and manually run as material requirements planning, allowing the planner to
create a requisition and eventually a purchase order. It was clear that inventory management controls were
ineffective, and thus a sustainable inventory management system needed to be developed to prevent such
things from happening. It was also found that the company procured more than was needed because re-
order point levels were not maintained on the system.

Third, the frequent changes of order quantities led to increases in excess stock. This pointed to a lack of
proper policies to manage the ordering process. The analysis established that Company X allowed customers
to change their order quantities or to cancel orders in the middle of a production process. This left Company
X with excess stock that could not be consumed.

The study also found that there were no effective policies for ordering materials for production and
maintenance. “Demand changes by customer” was clear evidence that there was no policy to govern the
master production schedule, which had no restrictions. Neither demand nor planning time fences were
being used at Company X. The Enterprise Resource Planning (ERP) system, which Company X used, has the
capacity to configure a demand time fence and a planning time fence for each master scheduled end item.
The master scheduling planning horizon is often set up to include at least cumulative lead time plus a timer
for low-level component lot sizing adjustments and capacity changes for important work centres or key
suppliers, and time fences are built into the planning horizon to regulate acceptable changes.

Fourth, it was reasonable to attribute the reasons for excess inventory to three distinct problems with
design specification changes: design changes, quality issues, and specification changes. It was evident that
a product design methodology, in which a prototype must be developed before actual production, was not
being followed. Changes in specification allowed BOM changes; and the BOM structure always describes the
relationship between the finished item and the components needed to create, assemble, or repair it. BOMs
are critical for inventory management planning teams because they enable them to anticipate and order
the proper quantity of each component needed to complete the final product. Changes in BOM result in
excess stock, as happend at Company X.

Fifth, with regard to the wrong items being procured, there were two key secondary causes: duplicate
material numbers and a communications gap. The researcher found that there was no established material
master policy in Company X for creating item numbers in SAP. There were several items with different
items numbers but with the same description. Because the items were not linked to any demand, the
material planner would create a planned independent requisition and run material requirements planning
manually to source these items. There was also a communications gap between production planning,
procurement, and operations, and wrong items were procured as a result.

Sixth, the company had several internal practices that contributed to excess stock. First, suppliers
encouraged Company X to buy in bulk and so receive discounts through the sourcing/procurement function.
Although this might help to gain procurement savings, if done in an uncontrolled way it leads to excess
stock. Such purchases were completed, for instance, for goods with sporadic demand. They negotiated
current year demand using historical yearly demand amounts while naively assuming that the demand
quantity from the previous year would remain the same for the upcoming year. Since sporadic SKUs have
occasional demand periods, they frequently end up in excess stock. It was evident that Company X lacked
a reverse logistics policy, as there was erratic demand, rushing to purchase material without secured
orders, intuition buying, unknown methods for holding spares linked to fleets, and spare parts agreements
entered with Company X Freight Rail, which as a customer determined the quantity that Company X had to
keep. Afolabi et al. [54] established a positive interdependent relationship between inventory and logistics
systems, and suggested an integrated system of inventory and logistics to make it sustainable. Orobia et
al. [55] also found a positive relationship between inventory and managerial competence in relation to
financial performance. Thus, managerial decisions influence inventory, which in turns determines the
financial performance of an organisation.

4.3. Strategies to generate value from the excess inventories held by Company X

It was evident that Company X managers had no strategies to get rid of the inventory that was no longer
useful. The data showed that 34% of the excess stock was a result of changes in specification, 17% of the
items were bought without a confirmed demand, and 13% of the items were for parked/staged fleet. The
research showed that Company X was providing for the whole R1.2 billion of excess stock, yet management
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still considered these items a safety net. It was also evident that inventory holding costs were not
considered at Company X.

The management of excess inventory could be accomplished using a variety of techniques and tactics,
according to the research findings. Most studies suggest a life cycle approach in managing excess inventory.
Nnamdi [19] created a management toolkit for managing and controlling excess inventory; the model is
presented in Figure 7.
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Figure 7: Management tool kit for excess inventory

It was suggested that, in order to manage and eliminate surplus inventory, a combination of strategic
action, and operational reactive and operational proactive methods was required [19].

5. CONCLUSION AND RECOMMENDATIONS

This study considered inventory technology and operations techniques for reducing and controlling excess
inventory in an effort to develop a sustainable inventory management system for manufacturing industries,
using Company X as a case study. According to the study’s results, Company X did not have a structured
way of controlling excess inventories. The company used an ERP system to manage ordering of inventory,
different costs, and lead times. However, it lacked a sufficient system, procedure, and control for ordering
inventories, which is what started the company’s problems.

It was evident that Company X managers had no strategies to get rid of the inventory that was no longer
useful.

The study’s main finding is that management should prioritise and concentrate on these five areas that
account for the 78.8% of all excess inventory that is categorised as bought without a confirmed demand,
parked/staged fleet, changes in specification, spares take-on, and demand changes by clients.

This study could serve as a model for future work with inventory management improvements for rail
manufacturing companies, and could be helpful for other studies in the same field. Company X should
salvage a minimum of R450.643 million out of the R732.675 million that is pure excess stock. This could be
achieved by repurposing, lateral transhipment, returns to suppliers, and selling all coach items. It is
recommended that Company X redefine ownership and its KPIs, and that it delegate to the inventory
planning team the duty of controlling, overseeing, and reducing the excess stock to a certain percentage
value of excess annually.

Although it has drawn on the literature and on managerial reports, this study has some limitations. The
first is that only one case company is taken into account. This means that, while the examined causes of
excess stock and the developed inventory management system would be appropriate for rolling stock
environments, future studies in other contexts could study different or additional aspects, depending on
the nature of the market and the industry. The skill sets (relevant qualifications) capacity aspect of
inventory management experience was not recognised as a highly relevant factor in the case study;
however, it might have a significant impact in other situations. Future research could investigate the impact
of a lack of relevant experience and skill in inventory planning on the accumulation of excess stock. Supply
chain managers could balance supply and demand using the sales and operations planning process. There
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is a need to address this limitation in order to support efforts to supplement the demand planning process
in rolling stock manufacturing industries. Future studies could also examine other solutions to the excess
inventory problem; for instance, it would be useful to investigate the variables that influence markdown,
salvation, and donation decisions.
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