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Abstract: The inventory carrying cost has been assumed uniform for all products in an organization
or a warehouse. This assumption is not valid for a diversified range of items in an organization or
warehouse. This paper tested this hypothesis of variations in inventory holding costs in a warehouse
in two industries based on the physical nature and the price of products. It is found that organizations
with a wide variety of products need to calculate the inventory holding cost for each item (SKU)
rather than using an average percentage cost of inventory. Inventory holding costs of items in two
different organizations were calculated based on the various factors, including the actual cost of
space due to the voluminous nature of the items with their existing inventory policies. A variation in
inventory holding costs for each item was observed. The variation was small for an organization
with homogeneous input costs, and it was large for a multi-product organization. The overall savings
in the inventory holding cost due to adjusting the inventory policies through this methodology was
found to be about 3%, which is significant for a big organization. This analysis will affect the decision
the determining inventory carrying cost, inventory policies (e.g., stocking levels), and pricing policies
(e.g., quantity discounts) for retail organizations.

Keywords: inventory; logistics; transportation; optimization; pricing; revenue management

1. Introduction

Inventory management is needed for every organization. People manage inventories
for small businesses intuitively and do not feel the need for analytical skills due to the
small value of the inventories held in stores. The need to manage inventory scientifically is
crucial for large organizations due to the value of the inventory. Inventory is the largest
block of money in a manufacturing organization (Gurtu et al. 2015b, 2019). Inventory
in organizations includes, but is not limited to, raw materials, finished goods, work-in-
progress (WIP), consumables, and spare parts (Waters 2003, p. 9). Inventory items differ
between organizations due to the nature of businesses, such as manufacturing, trading, and
retail, and by type of industry such as automotive, healthcare, construction. Inventory and
inventory holding costs are not the same across organizations, even in the same industry.
Inventory items are different among organizations based on many factors such as industry,
size of the operation, location, and lead-time, to name a few. For example, inventory items
are different in an automotive organization, a restaurant, and a consulting organization.
In other words, the needs for inventory management and the importance of items are not
uniform across industries and organizations (Nagpal and Chanda 2021).

Maintaining inventory in manufacturing and retail organizations is a necessity for
ensuring smooth operations. Keeping inventory in a store or warehouse has a cost termed
as inventory holding cost or inventory carrying cost. The ideal situation is just-in-time (JIT)
delivery, which eliminates keeping inventory and does not incur any holding inventory
cost. However, this is not a practical solution for most manufacturing, trading, or retail
organizations. Therefore, maintaining an optimal inventory is necessary for organizations.

J. Risk Financial Manag. 2021, 14, 65. https://doi.org/10.3390/jrfm14020065 https://www.mdpi.com/journal/jrfm

https://www.mdpi.com/journal/jrfm
https://www.mdpi.com
https://orcid.org/0000-0003-3149-8668
https://doi.org/10.3390/jrfm14020065
https://doi.org/10.3390/jrfm14020065
https://doi.org/10.3390/jrfm14020065
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jrfm14020065
https://www.mdpi.com/journal/jrfm
https://www.mdpi.com/1911-8074/14/2/65?type=check_update&version=2


J. Risk Financial Manag. 2021, 14, 65 2 of 11

The phenomenon of optimizing lot size, considering inventory holding cost and set up
cost for an item, was first discussed a century ago by Harris (1913). It has gone through
many modifications that will be discussed in detail in the next section. Some authors have
discussed multi-product supply chains using a single inventory holding cost (Bahl 1982;
Balintfy 1964; Eilon 1959; Tantiwattanakul and Dumrongsiri 2019; Zhang 2009). The inven-
tory holding cost varies between organizations and the locations (Ghasemkhani et al. 2019;
Goodarzian et al. 2020). This variation is mainly due to the variation in the cost of space
and finance cost. However, the inventory carrying cost is considered the same at one
location for all items in an organization. A fixed-rate (%) is used for the average cost of
holding inventory in academic literature and practice.

This paper questions the assumption to use an average cost of holding inventory for
all the items in an organization at a location due to the space occupied by an item and
draws some parallels from transportation. It is well known that the inventory holding cost
can differ across items, e.g., perishables items or items requiring refrigeration have a much
higher inventory holding cost than non-perishable items. Similarly, obsolescence cost also
varies depending on the item. For example, fashion apparels have high obsolescence cost
as compared to furniture. However, this paper studies the inventory holding cost due to
the space occupied by items in two industries, requiring a refrigerated storage facility for
its products and another requiring a non-refrigerated (non-perishable) storage facility for
all its products. Inventory has two states—stationary and mobile. Inventory is stationary
in stores and warehouses, and inventory is mobile during transportation. Mobile inventory
is on semi-truck, ship, train, or plane. The cost of inventory in a mobile state, i.e., during
transportation, is determined by cube out or weigh out. Cube out is the situation when a
piece of equipment (container, ship, or truck) has reached its volumetric capacity while the
permitted weight limit exists, e.g., whitegoods. On the other hand, weighing out is when a
piece of equipment has reached its weight limit, but the space is available for adding more
content, e.g., steel plates/rods. The storage of most of the items falls under the cube out
condition.

A similar concept of costing is proposed for inventory in a stationary state, i.e.,
in a store or a warehouse. This concept will be explained in detail later in the paper.
The inventory holding costs of various items as stock-keeping units (SKU) were analyzed
for two organizations for validating this concept. One organization is a dairy product
processing organization with a relatively homogenous cost of raw materials. Another
organization is a trading organization for the various products used by dentists, which
have a significant variation in the costs of items, price per unit weight, and price per unit
volume. The analyses suggest that the holding cost of each item should be considered
instead of using an average cost of holding inventory at each location of warehouses and
stores.

This paper’s contribution is that it demonstrates a variation in inventory holding costs
for items in an organization. These variations are significant for organizations manufactur-
ing, trading, or retailing various items with different cost densities (explained later in the
paper). Therefore, finance departments of organizations dealing with multiple products
should evaluate the use of an average cost (%) of holding inventory. The rest of the paper
is organized as follows. Section 2 provides a literature review followed. Section 3 describes
the research procedure. Section 4 provides analyses of the inventory holding cost for
items of the two organizations. Section 5 provides a numerical example and discusses the
finding. Section 6 concludes the paper with a discussion on managerial implications, some
limitations, and potential future expansions.

2. Literature Review

The phenomenon of optimizing lot size, considering inventory holding cost and set up
cost, was first discussed a century ago by Harris (1913). Goyal (1977) introduced the first
significant change in this model. Goyal (1977) considered coordination between a vendor
and a manufacturer in determining the lot-size. The same concept can be used between a
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manufacturer and a retailer. In other words, Goyal’s model is for a two-echelon supply
chain. The author took inventory holding costs and set up costs of a manufacturer and
a vendor to determine the optimal cost of the lot. Ten years later, Banerjee (1986) refined
this model with a lot for lot policy, i.e., manufacturing and shipment lots are the same.
(Goyal 1988), further refined this model by decoupling the number of shipment-lots from
a production lot, i.e., multiple shipments are sent from one manufacturing lot. A large
number of authors have used the models of Banerjee (1986) and (Goyal 1988) to modify the
constraints and design new policies (Aljazzar and Gurtu 2019; Arslan and Turkay 2013;
Battini et al. 2014; Braglia and Zavanella 2010; Cárdenas-Barrón et al. 2020; Chen et al. 2013;
Dhandapani and Uthayakumar 2016; Dobson et al. 2017; Gurtu et al. 2015a; Jaber et al. 2013;
Khalilpourazari and Pasandideh 2016; Khan et al. 2014; Perera et al. 2017; Rajput et al. 2019;
Rastogi et al. 2017; Santhi and Karthikeyan 2018; Sundara Rajan and Uthayakumar 2017;
Wahab et al. 2011; Zahran et al. 2015). Readers may read the various quantitative models
compiled by Jaber and Zolfaghari (2008) and the centennial issue of the International
Journal of Production Economics on this topic edited by Cárdenas-Barrón et al. (2014) for
more details.

However, all the papers on inventory management have considered a single holding
cost or an average holding cost for a vendor, a manufacturer, or a retailer in two-echelon
supply chains until this paper. A paper on inventory management of many spare parts
also used a single inventory holding cost (Heinen and Hoberg 2019). Coordinated supply
chains used a single inventory holding costs (Zissis et al. 2019). Chen et al. (2015) talked
about dynamic pricing based on inventory holding cost as a linear function using a single
inventory holding cost. The papers analyzing multi-product (Pasandideh et al. 2014) and
multi-generation technology products (Nagpal and Chanda 2021) also considered a single
value of inventory holding costs. Choi and Enns (2004) have used two different rates
for work-in-progress and finished goods, where both the rates are dollars/unit/time, i.e.,
not linked to volume or weight of items. It is critical to clarify that coordinated inventory
models use different inventory holding costs for different players involved. However, each
player uses one inventory holding cost for all the items, whereas this paper suggests using
different inventory holding costs for various items by each player.

Some evidence from logistics and transport literature is presented on how the cost
is calculated during transit. Logistics organizations charge the cost of transportation
based on volume with a limit to max weight in a container, trailer, or truck. A stan-
dard general-purpose container is twenty feet long. All containers are referred to as
the equivalent of this size as TEU (Twenty-Foot Equivalent Unit). International Stan-
dard Organization governs the sizes, and a twenty-foot container code is 22G0 or 22G1
(CSI Containers Services International 2020). The gross weight and maximum payload of
a twenty-foot container are 67,200 lb. and 62,150 lb. respectively (Container Alliance 2020).
The difference between these two weights is the weight of an empty container. Shippers
charge for the cost of a container subject to the above maximum weight limit. However,
most of the containers do not carry full weight. The weight of containers shipped between
the EU and Asian countries varies between 81.5 percent (max) and 55.7 percent (min) of the
allowed weight. Ninety-six percent of the containers weigh less than 80 percent, and 64
percent of the containers weigh less than 50 percent of the max weight (Gurtu et al. 2017).
Therefore, the cost of transportation for lighter items is higher than the cost of transporta-
tion for heavier items.

Despite these variations in the weight and area (or space) density of items, the inven-
tory holding cost is considered uniform across items in an organization in a stationary state.
This is reflected in academic papers and the current industry practice, as verified by the
author with many supply chain management practitioners and managers in accounting
and finance departments. Waters (2003, p. 59) has assumed the typical inventory holding
cost to be around 20% of the item cost per year. Many authors have taken average inventory
holding costs in the range of 16% to 20% per year (Aljazzar and Gurtu 2019; Banerjee 1986;
Braglia and Zavanella 2010; Goyal 1977, 1988; Gurtu et al. 2015a). Thus, the use of a fixed
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cost of holding inventory for all items is a limitation of the existing literature and presents
a research gap. This paper addresses this gap in the existing literature and examines the
cost of holding inventory for items or categories (family) of items in an organization. The
next section explains the research design and details of the categories of items.

3. Research Procedure

In the EOQ model, the overall cost is optimized using inventory holding costs and
set up costs. Therefore, a change in inventory holding cost affects the economic order
quantity (EOQ). Inventory holding cost is affected by many factors such as the cost of
finance, inventory holding period, inventory levels (quantity), and cost of storage space,
among others. The effects of the inventory holding period and quantity have been studied
in detail, as discussed in the previous section. The effects of finance cost in two-echelon
supply chains affected by payment period have been studied by Aljazzar et al. (2018).
The cost of storage space due to the nature of products is studied in this paper.

The paper presents a new method of calculating inventory holding cost, which is
used in EOQ. Therefore, for calculating the optimal lot size (EOQ) using the new inventory
holding cost, the assumptions of classical EOQ are applicable, such as:

• The demand is constant over time.
• No shortages are allowed.
• All the costs, including the rate of financial cost of holding, will remain constant.
• The entire lot will be sent in a shipment

Many organizations deal with multiple products or product families. Some products
have high value but occupy a small storage area (or space), e.g., jewelry, electronic items,
and cosmetic products. Some have low value but occupy a large area (or space), e.g.,
tissue paper. There is a large variety of products (or product families) between these two
extremes. Since the storage area required for different products varies, this will affect
inventory holding costs. For this analysis, the stoke-keeping unit (SKU) has been used and
referred to as an item. Steps followed for this analysis are:

• Identify if the analysis will be done at the level of each SKU or a representative SKU
from the family of items.

• Find out storage location, storage bin/pallet size, number of units in each bin/pallet,
how many bins/pallets are kept on a shelf (or ground), how many bins/pallets are
kept over each other on a shelf (or ground).

• Based on the current average inventory, annual sale, unit price, lead time, space cost,
and cost of finance, calculate the inventory holding cost for each of the SKUs.

• The sum of all the SKUs’ inventory holding costs must be equal to the average
inventory holding cost.

These steps have been converted into an analytical formula for use in other organiza-
tions. The revised inventory holding cost is to be used for calculating the new EOQ using
the existing formula. Hence, that is not discussed in this paper. The notations used for
calculating inventory holding and validating the average cost of holding inventory are as
follows:
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I average annual inventory of a warehouse $
h inventory holding cost at a warehouse %
hw annual average holding cost for all items in a warehouse $
Aw area of a warehouse Sq. ft.
Cw rent of the empty warehouse $
α area utilization factor for storage where 0 < α < 1 %

Ai
area of a rack-type i (this is the area of the pallet that is
stored on the ground)

Sq. ft.

Si
number of shelves in the racks of type i (for storage on the
ground, N = 1)

Number

Bj number of bins (or pallets) type j kept on a shelf number

Xk
number of stock-keeping units (SKU) in a bin (or on a
pallet) where k is an SKU

Number

Pk unit price of an SKU k $/unit
Ik average annual inventory of SKU k Number
Cf annual cost finance for an organization at a location %
Co cost of obsolescence %
Ch cost of handling a bin/pallet $/unit

The storage area in a warehouse is less than the total area due to non-storage areas
such as receiving docks, inspection areas, aisles, and equipment storage space. Therefore,
the effective cost of storage is higher than the per square foot cost of an empty warehouse.

Effective cos t of the storage space in a warehouse =
Cw

αAw
(1)

Usually, items are stored in bins or on pallets, and these bins and pallets are stored in
racks. Only very bulky items are stored on the floor in a single high formation, for example,
vehicles. Racks have sleeves, and each shelf contains multiple bins or pallets. It is assumed
that one shelf does not contain multiple sizes of bins or a combination of bins and pallets
to keep the calculations simple.

Floor space for holding a bin/pallet type j on a self of rack type i =
Ai

SiBj
(2)

Each bin (or pallet) may have more than one stock-keeping unit (SKU). Therefore,

Average number of bins for an SKU k =
Ik
Xk

(3)

where the number of bins from Equation (3) must be rounded-up. The space cost of an
SKU is calculated by multiplying Equations (1)–(3). It is important to remember to use the
rounded-up value of Equation (3). Therefore,

Space cos t of an SKU k = ( Cw
δAw

)( Ai
Si Bj

)( Ik
Xk
)

= Cw Ai Ik
δAwSi BjXk

(4)

Finance cost, obsolescence cost, and handling cost of holding inventory are given in
Equations (5)–(8) as follows:

Cost of finance of holding inventory of an SKU k =Pk IkC f (5)

Obsolescence cos t of holding inventory =Pk IkCo (6)

Handling cos t of a bin =

(
Ik
Xk

)
Ch (7)
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It is reiterated that the number of bins or pallets (Ik/Xk) in Equations (4) and (7) must
be rounded-up. The total cost of holding inventory for an SKU in a warehouse is the sum
of Equations (4)–(7) as follows:

hk =
Cw Ai Ik

δAwSiBjXk
+ Pk IkC f + Pk IkCo +

Ik
Xk

Ch

hk =
Cw Ai Ik

δAwSiBjXk
+ Pk Ik(C f + Co) +

Ik
Xk

Ch (8)

The total cost of holding inventory for all the items in a warehouse is the summation
of the holding cost for all the items given by Equation (8). This is represented as follows:

hw =
i

∑
i=1

j

∑
j=1

k

∑
k=1

{
Cw Ai Ik

δAwSiBjXk
+ Pk Ik(C f + Co) +

Ik
Xk

Ch

}
(9)

Further, variation in the holding cost for each SKU is calculated as the difference from
the organization’s average cost of holding inventory. The inventory holding costs of the
various items (SKU) for two organizations were analyzed using the above methodology.
The formula in Equation (9) is generalized for ease of use by any organization. The
methodology and numbers were validated using the formula h = hw

I . The calculated

average inventory holding cost
(

hw
I

)
was found to be identical to the organization’s

average inventory holding cost (h). This validation illustrated that using an average
inventory holding cost will not highlight the problem of charging higher inventory cost to
some products and lower to some other products because the average will still be the same.
However, this does not mean that using an average is the right strategy. The process steps
and analysis of the two organizations and the findings are discussed in the next section.

4. Analysis of Inventory in Organizations

Inventory analysis of two organizations from two different industries was done. The
first one will be referred to as A and the second one as B from now onwards. Organization-
A is a dairy product processing organization. It is one of the largest cheese manufacturing
organizations in the world. It has a relatively homogenous cost of raw materials. This
organization’s final products have a small variation in its products’ unit price per unit area.
Therefore, its products were categorized into five families of products, as shown in Figure 1,
and a representative product from each family was selected for analysis. The SCM leaders
from each organization identified these five representative products. Organization-A has
multiple warehouses with variations in technologies/automation used. The analysis was
done for one of the warehouses. Nevertheless, the cost of holding inventory at other
locations is very likely to be different.

Organization-B is a trading organization with a large variety of products (more than
14,000 SKUs) used by dentists, which have a significant variation in the costs of items,
price per unit weight, and price per unit volume. Therefore, the analysis was performed
at the SKU level rather than a representative SKU from each product category. After
validating the average inventory holding cost, the inventory holding cost for each SKU was
sorted in ascending order; divided them into five groups, and picked the median value of
block as shown in Figure 1. The variations in the calculated inventory holding costs for
organizations A and B are provided in Figures 2 and 3, respectively. The inventory holding
cost of items that fall in the middle is the average cost of holding inventory. The rest of
the values are the differences between the median value of that block and the average
inventory. Therefore, negative values represent that an item’s inventory holding cost is less
than the average cost of holding inventory. A positive value shows that it is higher than
the average cost of holding inventory. It is important to mention that for Organization-B,
the values in each cell are the median value, i.e., the extreme values in categories 1, 2, 4,
and 5 are even larger (or smaller) than the values shown.
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Implications of these findings will be discussed in the next section, along with a
numerical example of the effects of these findings.
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5. Numerical Example and Discussions

The numerical example below shows the effects of these findings in an organization
dealing with various products and how it impacts an organization’s operational costs. The
following data have been used:

Demand rate (units/year) D 1000
Production rate (units/year) P 3200
Buyer’s order cost ($/order) Kb 25
Vendor’s setup cost ($/batch) Kv 400
Mean holding cost for the vendor ($ /unit/ unit of time) hv 4.00
Mean holding cost for the buyer ($ /unit/ unit of time) hb 5.00
Variation in inventory holding cost (%) +25%/−0.5%

Lot size (Q∗) =
√

2DK
h (10)

Coordinated lot size
(
Q∗

B86
)
=

√
2D(Kb+Kv)

(hb+
D
P hv)

(11)

Equation (10) provides the formula for classical EOQ (Harris 1913) and Equation (11)
provides the formula for coordinated EOQ given by Banerjee (1986). The data has been
taken from the paper of Gurtu et al. (2015a). The variations in lot size for a vendor and a
buyer due to the changes in inventory holding costs are identical (Figure 4). The variations
in inventory costs have been taken from the mean, and the range has been taken from
the results of the analysis. As we know that the coordination provides a lower cost, the
variations in the coordinated lot size are bigger than that of the non-coordinated lot sizes.
The percentage changes in the lot size for buyer and vendor are identical.
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The space cost-savings due to a reduction in lot size do not translate linearly in the
overall inventory holding cost due to many other fixed costs of operation and maintenance.
However, it translates to an overall savings of about 3%, keeping other parameters the
same, and provides more storage space. For one of the organizations studied, this saving
is about one hundred thousand. The savings are directional and will increase for a more
expensive place.

It is interesting to see the clear difference in the inventory holding costs for these two
organizations. The organization with a uniform input has a small variation in the inventory
holding costs. On the other hand, inventory holding cost for items in a very diversified
organization such as retail. The inventory carrying costs varies significantly as the products
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move away from the center in any direction in the grid (Figure 1). The cost of holding
inventory is high for the products, which are lighter per unit value.

One of the takeaways of this analysis is that some products with a lower cost of
holding inventory compensate for the products with a higher cost of holding inventory.
The top management leaders assume that the cost of holding inventory is under control
based on an average cost. However, finance department leaders need to evaluate inventory
holding costs at the SKU levels to make an informed decision about using inventory
holding costs at SKU levels or an average. SCM leaders need to pay attention to the items
with a higher cost of holding inventory than the average inventory holding costs. These
findings have minimal value for organizations with a single product or a family of products
with very similar input costs per unit area. However, these findings are important for
multi-product organizations such as retail for analyzing the inventory holding costs of
each of their products or product categories. The order quantity calculated using the EOQ
model with the new inventory holding cost will be different. In other words, this analysis
for an organization will change the order quantity.

Further, this analysis suggests that there will be changes in the profit margin of a
product or a product category due to the variations in the holding costs. In extreme
cases, some products may have negative profit margins due to the high inventory holding
cost. Finding a very high inventory holding cost for a product will lead to adjustments
in the sourcing and sales policies. The changes in sourcing policies include inventory
levels, finding a local vendor to reduce the lead time, changes in packaging, and storage at
different locations. Changes in sales policies include changes in pricing, quantity discounts,
and sales promotions, among others.

6. Conclusions

The purpose of this paper is to present a new way of calculating the cost of holding
inventory for each item (SKU) in an organization instead of using an average cost of
holding inventory. The paper analyzed the inventory holding cost for the various items
in two organizations and found that using an average holding cost for all the items is not
appropriate for organizations with a large variety of products that have variations in cost
per unit weight and cost per unit area (or volume). The contributions of this paper are that
(i) the inventory holding cost has significant variations for a multi-product organization,
particularly in the retail industry, and (ii) inventory (and pricing) policies should be defined
at the level of items (SKU) using the actual cost of holding inventory of individual items.

An average inventory holding cost has been used by academicians, practitioners, and
advised by finance managers for over a century. The idea of using an average inventory is
still valid for industries or organizations which have a single product or a small number of
similar products, such as groceries, produce, dairy, apparel, to name a few. However, times
have changed, and the business models have changed for many industries. As an example,
the retail industry has transformed dramatically in the last five-six decades. Therefore,
revisiting some of the established practices due to these changed circumstances is needed.
This paper is a step in that direction. A retail organization or a big-box retailer has a large
variety of products. Using an average cost of holding inventory is not appropriate for such
organizations.

The analysis shows considerable variations in inventory holding cost due to the
variations in cost per unit weight (weight-density) and cost per unit area or space (space-
density) of products. Therefore, treating these costs as an average cost leads to selling some
products with a higher profit margin and some at a very low-profit margin. Understandably,
the profit margin of every product may not be the same in an organization. However,
lower profit margins for a product should be by design rather than ignorance. It is also
possible that due to this ignorance, some products are sold at a loss (negative profit margins)
without acknowledging it. Therefore, the actual cost of holding inventory may lead to
changing pricing and promotion policies for such products to minimize the loss.
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This work has two limitations too. One of the limitations is that this concept has been
tested on two organizations from two different industries, i.e., one organization from one
industry. The second limitation is that the concept was validated in very close proximity,
i.e., the variation found in the inventory holding cost within an industry may go up or
down in different geographies. This leads to potential extensions of this work. Multiple
organizations from the same industry from different geographies should be studied to see
some inventory holding patterns. Another possible extension is to compare the variations
in manual, semi-automatic, and automatic storage facilities. Another possible extension
could be to study multiple warehouses of the same organization within a country to see
the variation in the holding cost. Depending on the inventory holding cost, it may be
possible to store different products in different locations. A study to optimize the total cost,
including transportation cost, could be another possible extension.
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