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Abstract:

1. Introduction

Financial and operative decisions within the companies are mutually dependent because the appropriate
amounts of monetary assets enable good operative decisions which further affect the assets and financial
balance of the company (Babich & Sobel, 2004; Caniato, Henke, & Zsidisin, 2019). The same applies to the
case of inventory management which represents an important segment of the company’s production
business and its performance (Song & Song, 2009). Market and demand unpredictability, together with the
unnecessary cost of keeping a high level of inventories require special attention. This characteristic of both
the market and demand can be reduced by proper analysis and prediction since the management of
inventories directly depends on demand prediction (Atanasov, Rakicevic, Lecic-Cvetkovic & Omerbegovic-
Bijelovic, 2014). The aspirations of the company should be aimed at the determination of optimal quantities
of inventories, more precisely, minimally required for adequate functioning of the company (Lai, Debo &
Sycara, 2009). From the financial point of view, keeping a too high or a too low level of inventories has a
negative influence on a business (Abbasi, Wang, & Abbasi, 2017). In the former case, there are substantial
costs of the capital blocked in inventories, which implies large interests or opportunity costs, storage and
security costs, etc. In the latter case, a shortage of inventories leads to business losses due to production
halt and loss of position in the chain of supply (Basu & Wright, 2010). Also, financing opportunities can
influence decisions about inventory levels (Chod, 2016; Marak & Pillai, 2019).
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Research Question: Optimal financing of the raw material inventories in the copper processing industry is perceived as
a problem of choosing the financing sources and determining the purchase dynamics. Motivation: The company can
realize the financing of raw material inventories from multiple sources under various conditions. The company efforts
should be aimed at reducing the total costs that can occur in the process of purchase. Each company should
simultaneously strive to satisfy the demand, but also to avoid keeping the excess of cash assets in inventories. Idea: The
core idea of this paper is to evaluate the optimal financing of raw material inventories by the usage of the mathematical
model that refers to the determination of financing sources, from which the required assets should be borrowed. Data: For
the purpose of the case study example, the data used in the paper are approximations of information from the company
and metal stock exchange. Tools: Excel was used to predict demand, while GLPK programme (GNU Linear Programming
Kit) was used for the optimization of the defined model. Findings: The paper defines an optimization problem for
determination of the financial sources, optimal periods, and the number of assets that will be used from these sources to
secure continuity of the production process with minimum purchase costs. The paper also formulates a mathematical
model of this problem and then illustrates it on the example of the real-life company for copper processing. Contribution:
The results of this study show that such analysis gives the decision-makers a better insight into the possible scenarios while
the final decision depends on their assessment, flexibility, attitude towards risk, need for security, etc.
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The existing literature offers a large number of studies related to the correlation of financial and operative
decisions and the inclusion of financial elements in inventory management (Jing & Seidmann, 2014; Zhi,
Wang, & Xu, 2020). Often, a typical EOQ model is extended by financial elements such as loan period and
discount (Sana & Chaudhuri, 2008) or by the inclusion of various types of loan policies (Dye, 2012). Chen,
Kok and Tong (2013) investigate how options of financing affect the decisions on inventory levels. A problem
of inventory financing is less observed in the literature and the related publications are mostly of recent date.
Gong, Chao and Simchi-Levi (2014) observe the problem of short-term inventory financing and solve it using
dynamic programming; Dada and Hu (2008) extend the model of newsvendor problem by costs of borrowing
cash assets for financing the optimal quantity purchase; Buzacott and Zhang (2004) implement financial
constraint within the model for decision-making on production and inventories; Chen and Teng (2015) carry
out the analysis of cash flow within the decision-making on inventory loan; Yang and Birge (2013) developed
a model for determination of optimal portfolio for inventory financing, which consists of several sources:
cash, commercial loans and short-term loans; Moussawi-Haidar and Jaber (2013) developed a mathematical
model which simultaneously determines the amount of money that the company should possess, the
amount that should be invested in financial security and the amount that should be borrowed to finance the
inventories; Chen, Zhao and Su (2017) introduced an inventory model for raw materials with price
fluctuations with the goal to minimize total costs; Katehakis, Melamed and Shi (2016) consider operative and
financial policy of the company, which should determine the amount of cash assets that should be borrowed
for financing the inventories, while Kouvelis and Zhao (2012) developed a model for determination whether
purchase financing is more profitable by supplier or by bank loans.

The subject of this paper is the optimal financing of raw material inventories. The approach that will be
presented in the paper can contribute to better inventory management in the metal processing industry in
which the entire production depends on the availability of the main raw material. Given that this industry is
characterized by large-scale production, which requires a large amount of raw materials, companies are
often faced with the problem of liquidity. Consequently, inventory management is largely related to the
problem of liquidity resolution. In our approach, needs for inventories are expressed in money and the
problem which is modelled and solved refers to the determination of financing sources, from which the
required assets should be borrowed. The original mathematical model for optimization of raw material
purchasing in copper processing industry is formulated based on the model of short-term financing
optimization (Cornuejols, Pena, & Tutuncu, 2018; Sana, Ferro-Correa, Quintero, & Amaya, 2018). By
including fixed purchasing and transportation costs into the model, the optimal solution refers not only to
the choice of sources and dynamics of financing, but also to the amount and dynamics of procurement of
raw materials, i.e., to inventory management.

2. Mathematical Model Formulation

The specificity of this problem is that copper is primarily a stock exchange good, therefore the price of this
raw material changes daily and is highly dependent on different macroeconomic impacts (Willing, 2020).
Companies within this branch of industry need to keep the inventories of this raw material on the optimal
level. Management of inventories in this paper will be observed through short-term purchase financing of this
raw material. They can ensure the financing of raw materials' purchasing from various sources. It is important
to provide the liquidity of the company because the lack of it represents one of the significant risks which
can cause production delay (Njegomir & Demko-Rihter, 2015). It is important to determine where from, how
much, and when to ensure cash assets, with minimum costs of interests and orders.

For the defined problem, an original mathematical model of optimal financing of the inventories has been
formulated. In each of the observed periods, it is necessary to determine the quantities of copper needed,
the amount of cash assets for financing this purchase, as well as the sources which will finance this purchase.
Considering that the company deals with copper processing only, and not with its trading, it should aim to
predict and plan the necessary amounts of this raw material and then to determine the necessary cash
assets for its purchase.

For each period, the amount of raw materials necessary to satisfy buyers` demands can be predicted, and
it can be obtained either from the purchase or from the inventories. The purchased amount of raw materials
will be smaller than needed, if there is already a certain amount in stock from the previous period, or larger,
when an excess of raw materials should remain in stock for the next period. Possible excess of raw materials
is limited since the maximum level of inventories is defined. 

Based on quantities of raw materials needed and their purchase cost, the cash flow for the observed period
is determined (Huff & Rogers, 2015). In this paper, we assume that cooper prices can be satisfactory
predicted (Buncic & Moretto, 2015). Every source of financing has different conditions for financing and
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different interest rates, which in this case represents one of the costs of the purchase (Pal, Sana & Chaudhuri,
2014). Besides these costs, the specificity of copper as stock exchange goods is also characterised by the
costs of the stock market agent per tonne of copper and the premium costs, as well as fixed customary
purchase costs.

For the observed problem, the mathematical model is formulated which determines the dynamics of raw
material purchase, optimal combinations of short-term financial sources of purchase, and the amount of
cash assets that provide minimum costs. The following notation was used: 

• - set of the period;

• - set of financing assets;

• - the subset of the period starting from the second.

• - additional unit purchase cost (fixed cost of purchase per tonne of copper/price of copper per
tonne; 

• - the maximum level of inventories;

• - correction quotient;

• - need for cash assets in -th period, ;

• - the maximum amount of assets in -th period from -th financing source, ;

• - interest for -th financing source, ;

• - the fixed expense of transport for every purchase of raw material.

• - amount of financing in -th period from -th financing source, ; 

• - amount of inventories in -th period, ;

.

The mathematical model of the described problem has the following form:

(1)

s.t.

(2)

(3)

(4)

(5)

(6)

(7)
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The objective function (1) represents total additional costs that occur with the ordering of the raw materials in
all observed periods, including: costs that occur with each order and depend on the ordered amount, interest
costs which depend on chosen financing source and fixed ordering costs. The first constraint (2) refers to the
first period and ensures that the total sum of assets from all financing sources, reduced for interest costs, costs
which occur in order, fixed costs of ordering, and excess that remains on inventories, equals the necessary
amount of assets in the first period. The second constraint (3) is related to remaining periods and in contrast
to the first period comprises also the amount which remained in inventories in the previous period and is
available in the observed period. The third constraint (4) represents the maximum amount of assets that can
be ensured in each of the periods, depending on the financing source. The fFourth constraint (5) refers to the
maximum amount of inventories, whereas the fifth constraint (6) connects the variable that represents a decision
on purchase and the variable that represents the amount of acquired cash assets.

3. Results

The proposed approach will be illustrated on the example of the company in the Republic of Serbia as a case
study. In this industry, the most common method of obtaining financial resources is short-term financing methods
which are further analysed in the following scenarios. Before the formulation of the mathematical model, the
prediction of necessary quantities of copper has been carried out, for the intended period within which the
optimization is performed. Out of the total range of products, ten selected products were included in the analysis.
The observed period was 31 days, within which the necessary amount of raw material was determined for each
day, hence the cash flow, i.e., the amount of necessary cash assets from the available financial sources.

For the prediction of demand, three forecasting methods were used, as follows: Moving average, Exponential
smoothing, and Linear trend (Stevenson, 2005). The only purchase observed is the purchase of copper for
selected products. The demands for selected products, realised in the previous two months, more precisely
within 61 days, were observed. The three mentioned forecasting methods were evaluated by mean square
error. Since the best method in 70% of the products was the method of a linear trend and the differences in
errors with other products were insignificant, the chosen method for prediction of all ten products was the
method of a linear trend.

Based on the obtained predicted quantities, the total amount of raw materials that are necessary to purchase
from the supplier every day was determined. Based on the average price of copper, the amount of money
needed for financing of raw materials was calculated. The part of the obtained values is shown in Table 1.

Table 1: Predicted required quantities of raw materials and cash assets

As a source of financing for its raw materials the company has factoring and advance payment. Factoring
represents a financial service by which the companies sell their invoices. A factor is a person, most often
banks or agencies, specialised for this kind of business, that buys out the invoice. Thus a client sells the
invoice to the factor before its due date and the factor pays the invoice at the time of taking over the debt
with a certain commission (Lekkakos & Serrano, 2016). The advance payment refers to the payment process
where the delivery of the goods is carried out after the executed payment. It is most often applied to products
(services) that imply certain specifications from the buyer`s side (Zhang, Dong, Luo, & Segerstedt, 2014). 
The additional condition in the observed period was that, if there is an advance payment, it can make, on
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average, 40% at the most, out of total necessary assets. Besides, there were ten days when the advance
payment was not possible.

In the actual example, cash assets can be secured from the mentioned sources under the following
conditions:

1. The maximum amount of assets secured by factoring, which can be paid in one period is 300,000$,
with 3% interest;

2. The maximum amount of assets that can be realised by advance payments in available periods is
66,000$.

The costs that are incurred in ordering the raw materials and that depend on the ordered amount are 120$/t.
These costs comprise payment of the stock exchange agent per tonne of copper and commission payment
per tonne of copper. Besides, there are fixed ordering costs that are $3,000 per order.

In the case of a surplus of cash assets in a certain period, the excess is considered as a balance of raw
materials on inventories. The maximum amount that can be found on inventories is 50t, consequently, the
maximum value of raw materials on inventories is $250,000.

A formulated mathematical model was solved using GLPK programme (GNU Linear Programming Kit, 2012).

Based on optimization results of the initial state, the total minimum costs of the purchase of raw materials
are $356,331.24. The optimal solution represents quantities of assets that need to be funded by factoring
and advance payment. Table 2 shows the amount of assets per source of financing in each of the periods.
The maximum amount of assets that can be obtained from the source of factoring was taken 12 times,
whereas, for the remaining six periods, the assets taken were smaller than the maximum allowed. The
advance payment occurred 14 times in the observed time and each of the periods the maximum available
amount of cash assets was used. The total amount of assets obtained by factoring and advance payment
are $5,188,060 and $924,000, respectively. The inventories at the end of the observed period equal zero,
whereas during a time, the amount of inventories changes (Table 3).

Scenario 1

To achieve an even greater security regarding the financing of the raw materials, the company can also use
commercial papers, which could also make purchase financing possible. In this case, the same assumptions
are valid as in the initial state, except that, in addition to sources 1. and 2., there is one more extra source
of financing:

3. The maximum amount of money that can be gained with the help of commercial papers is $250,000,
with a 10% interest rate.

In this scenario, the minimum total costs are $350,456.5928. It is necessary to ensure the maximum available
amount of assets for 11 periods by factoring, whereas for the remaining three periods the ensured assets
are smaller than the maximum allowed. The advance payment is used completely in a total of 16 periods.
The assets from commercial papers are obtained for four periods. The total amount of assets that have to
be obtained by factoring, advance payment, and commercial papers are $4,916,043, $1,056,000, and
$69,728, respectively. In the observed period, the raw materials should be ordered 17 times. It is necessary
to form inventories during time so that they are not ordered in each period, but they should best be spent
in the last observed period. Table 2 shows the amount of assets per each source of financing, whereas Table
3 shows raw material inventories levels.

Scenario 2

To provide larger flexibility regarding inventories that are at the company`s disposal, the company holds
$200,000 worth of inventories/40t, that are placed at production disposal at the beginning of each month.
In order to secure itself for the following month, the company must control these inventories to ensure the
same amount of inventories at the end of each month that can be used in the following month. 

Sources that the company now has at its disposal, by which these needs can be satisfied with sources 1.
and 2. as well as:

4. Inventories of the company itself were observed as a source of financing - $200,000 worth/40t, for
the whole observed period.

By using its own inventories as the source, the company has no interest costs, but it has an obligation at
the end of the month to provide the same or larger amount of inventories than those that existed at the
beginning of the month. 
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The introduction of its own inventories requires a change in constraints of the mathematical model. This
change appears at constraint (2) which refers to the first period, to which company`s own inventories are
added on the left side of constraint and a new constraint is added (8) which refers to the amounts of
inventories which have to be larger or equal to the quantities of company`s own inventories which
were at disposal at the beginning of the observed period. 

(2’)

(8)

In this scenario, the minimal additional costs are $357,409.452. Financing sources and the amount of cash
assets per period are shown in Table 2. It is necessary to order raw materials 19 times. All available assets
from factoring should be used within 11 periods and within seven periods only a part of available assets. For
15 periods it is necessary to obtain all available assets by advance payment. Using factoring, it is necessary
to obtain $5,123,138, whereas by advance payment the amount is $990,000. The amount of raw materials
in inventories are changeable during a time, but eventually, they come down to the minimum. At the end of
the observed period, the inventories are precisely 40t ($200,000), although they are permitted to be larger
(Table 3).

Table 2: Amount of assets obtained depending on the source of financing, in dollars

Table 3: Inventory level, in dollars
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4. Discussion

Progress of the inventories level can be compared for three observed scenarios (Figure 1).

Figure 1: Representation of inventories levels 

Total costs for each of the presented cases are shown in Table 4.

Table 4: Optimal solutions gained, in dollars

Additional source of financing, such as commercial papers, provides lower costs, besides offering the
company certain flexibility regarding the options for managing available assets and greater insurance from
the delay and shortage of inventories. If the company decides to have its own inventories, the costs will be
higher than in two other cases. The company with its own inventories has certain flexibility in decision-
making and yet does not create a larger increase in costs in comparison with the initial state where there are
no preliminary inventories.

The total cash assets necessary for each of the financing sources are shown in Table 5.

Table 5: The total necessary cash assets, depending on financing source, in dollars

The company obtained the largest amount of necessary cash assets by factoring, in all three cases. The
major amount of cash assets by factoring will be used in the initial state, whereas the option of the advance
payment will be used less than in the two other scenarios. The largest amount of total resources borrowed
appears in Scenario 2 and the smallest in Scenario 1.
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The total number of purchases in the initial state, Scenario 1 and Scenario 2 is 18, 17, and 19, respectively.
In Scenario 1, the number of orders is the smallest, which is positive, since each order has its own fixed cost.
Besides, Scenario 1 mostly uses the option of the advance payment, which is also positive, because this
option of financing does not require paying the interest. Scenario 1 requires the smallest amount of total
necessary assets and generates the lowest additional costs, which is a consequence of financing from the
additional source in comparison with two other scenarios, which enables greater flexibility.

The suitability of using the proposed model in examining different scenarios is obvious. However, its biggest
contribution is that it combines the costs of borrowing finance to maintain liquidity and the cost of purchasing
raw materials. As can be seen from the results of the scenario, there are days when companies should not
borrow money, i.e., they should not purchase raw materials. In this way, financial decision making and
decision making related to inventory management were combined, which was the goal given the
interdependence of these decisions.
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