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The paper provides an inventory management model for industrial enterprises under conditions of
expected increase of energy prices. Different approaches to the formation of reserves will allow
industrial enterprises to be aware of the risks of energy prices increase and, depending on the choice of
a particular strategy of stockpiling of raw materials or components, to calculate the size and timing of
deliveries while minimizing costs for shipping and storing.
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Problem statement. The specificity of most sectors of Ukraine’s economy today is
characterized by the term “high energy consumption”. The problem of excessive energy
consumption, which is twice or even three times higher than the energy consumption for
similar production in the EU and the US, hinders economic development, contributes to
pollution of environment, leads to uncompetitive prices for products. It is impossible to solve
this problem without a simultaneously attracting of foreign investment. In the near future, due
to the complicated external political and economic situation of the country, there are also no
prospects of its solution.

Under these circumstances companies that receive raw materials or components with a
high degree of inherent energy cost should create reserves in the period of low energy prices
and use them during the price inrcrease. For example, manufacturers of concrete and concrete
products have to look for ways to reduce production costs by increasing materials inventory
during the period of low energy prices. The main component of concrete is cement and its
production is energy-consuming; in the cement prime cost the cost of energy can reach 30%.
After the rise in energy prices come higher prices for cement, so in this case companies that
produce concrete should increase supplies of cement in warehouses at the time when energy
prices have not risen yet.

Analysis of recent researches and publications. Formation of stocks of raw materials for
production is the task of logistics. The mathematical model of inventory management,
according to which the cost of shipping and storage of raw materials or materials in stock are
minimized, was first proposed by F. Harris [1], and it became known owing to the work of
R. H. Wilson [2] in 1934. But Wilson’s model has a list of restrictions that impede its usage in
practice, such as full use of pre-order before the next delivery or regular delivery time for the
order. The complexity of its use is still discussed even in the sphere of physics and
mathematics [3].

R. Petersen and E.A. Siver [4] combined determination of parameters of inventory
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management models with decision making concerning the type of demand, which is divided
into deterministic and stochastic one. Models of costs minimizing in rational relation between
production and commodity stocks are grounded in works of M.R. Linder and H.E. Fearon [5].
Cost optimization in logistics supply chains is analyzed in the works of D. J. Bowersox,
D.J. Closs, and M. B. Cooper [6; 7].

Ukrainian scientists N.I. Chukhrai, V.I. Perebyinis and Y.V. Krykavskyi [8-10] grounded
and developed the question concerning the formation of supply chain and logistics inventory
management in an enterprise.

Unsolved questions, which are part of the general problem. In today’s scientific
researches the questions concerning formation of inventories at enterprises in conditions of
sharp fluctuations in energy prices still remain unresolved. This question is relevant for
productions, where the price of raw materials contains a large proportion of energy costs.

The object of the article is to develop the models of inventory management for industrial
enterprises under expected energy resources price increase.

Basic material. The scope of industrial enterprises that buy raw materials or components
with high energy costs is characterized by a wide range of risks. One of the global economic
risks is a rise in energy prices (“energy shock price”). Let’s consider approaches to inventory
management of such enterprises on the example of concrete manufacturers and concrete
products.The increase in cement stocks, purchased in the period preceding the increase in
energy prices, will allow the concrete manufacturer to solve two important tasks on
optimization of commercial activity:

1) to reduce production costs for future periods so far as cement was purchased for less
prices than current ones;

2) to increase the income of the company by increasing the market share as the price of
concrete in the enterprise may be lower than the competitor’s one due to cheaper components.

Until quite recently, the main supplier of gas to Ukraine was the Russian Federation. The
gas of own production was used in Ukraine for needs of the population. The cost of gas, which
the Russian Federation exports, is tied to oil quotations. The change in the price of gas on a
certain formula happens in 4-8 months after the change in oil prices. The European Union
demands from Russia to move from gas pricing in relation to oil prices to spot contracts in
European gas hubs. This method of price formation will result in price depending on the share
price in the spot contract.

For the time, Ukraine passed through the winter 2015-2016 without Russian gas, but the
gas that was bought in Europe is partly Russian. That is, after the increase or decrease in oil
prices the increase or decrease in gas prices can be expected in the long term of 4-6 months in
arow.

The task, which is associated with the use of economic and mathematical modeling for
assessment and risk management for manufacturers of concrete is the inventory management
based energy prices.

The manufacturer of concrete in the subsystem of marketing information system
monitoring collects information on current prices for gas and oil and the prospects of their
changes. There are three cases:

— an increase in world oil prices is noted, so a rise in price of gas is forecasted;

— adecrease in world oil prices is noted, so a reduce of cost of gas is forecasted;

— no change in world oil prices is noted, so no change in the price of gas is forecasted.

In the first case it is recommended to make strategic reserves of cement and inert materials
for the manufacture of concrete, as this will reduce the risks of market share loss due to rapid
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rise in energy. In other cases it is recommended neither increase nor reduce strategic stocks of
concrete components. Under the predicted decline in energy prices it would be possible to
reduce the stock of components expecting the price reduction, but this can lead to another risk
that is the failure to fulfill orders due to lack of necessary inert materials in stock.

To create a stock of components for concrete production and concrete products the
company can follow three strategies of accumulation in order to save the cost of acquisition
and storage of raw materials:

— simultaneous delivery of the total volume of raw materials, such as cement, to save the
cost of acquisition;

— even delivery of raw materials with same batches and incomplete use;

— delivery of raw materials in smaller and then larger quantities to save resources for its
storage.

According to each of these strategies we get graphic and mathematical models of inventory
management which can be applied to industrial enterprises of any field of activity. In the first
strategy the amount of raw materials that will satisfy forecasted demand for the period prior to
the increase of the price of gas is simultaneously supplied to the enterprise — T1 and will
satisfy the demand during the gas price increase — To. We will assume that the demand for raw
materials during the period Ty is lower than T, because during the second period the company
will have competitive cost advantages (Fig. 1).

Z(1)
A

The time of gas
price increase

v
—

T,
Figure 1 — Simultaneous delivery of total volume of raw materials

On the Fig. 1: Z(t) is the volume of raw materials available in the company; T is time;
D(To) is the amount of raw materials that will meet the demand before gas the price increase
and after; D(T1) is the demand for raw materials after the gas price increase.

Suppose that the number of raw materials in the amount of D(To) can be delivered by k
supplies. The cost for each k supply is Q currency units. Costs for storage of each unit of raw
material are g currency units.

In this case the costs for transporting and storing of raw materials will be:

Qk+g (D (To) +D(T1))/2+gD(Ty)/2=Qk+ g (D (To) + 2D (T1)) / 2. €))
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Let’s analyze the inventory management model in the case of an even supply of raw
materials with underutilization.

In the second case, the raw materials are delivered in even identical batches (Fig. 2). Here
the period Ts is divided into n equal intervals the length of which is T = Ty / n. The size of the
supply in times 13, to, ..., th. is the same and equals d. Demand for raw materials during the
period before price increase will be considered as the same for each period and will be dj.

Let the cost of one batch of raw materials in volume d be Q currency units. The total
demand for raw materials before the time of rise in price is DT1, so DT1 = ndi. The total
demand for raw materials before the time of rise in price (T1) and after (T2) is D (D = DT; +
DT,), so D = nd. The total demand for raw materials after the rise in price is DT.

Z(t

A
Time of gas price
rise

D12

Figure 2 — Even delivery of raw materials by identical batches
Total costs for delivery of raw materials to the company and its storage in this case are:

d+(d-d,) 2d-d,+2d-2d, 3d-2d,+3d-3d, nd—(n-1)d,+nd-nd

n+ Ly +
Qn+g( 5 5 5 5 )y
d
+9D; /2=Qn+ g(d(l+2+3...+n)—j(1+3+5+...+(2n—1))r+gDTZ /2=0Qn+
d
+g(dn(n+1)—?1n2)r+gDTZ/2:
(given that t=T, /n, D =nd, and DTy = nd; we will get)
n+l1 n.T

=Qn+g(D—-D; —)—+ /2. 2

Qn+g(D==-D; —)-1+gD; @)
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Formula (2) is a function of the cost depending on the number of intervals F (n). Then the
minimum cost of purchasing and storage of raw materials can be defined as min F (n).

minF(n):min(Qn+%(D(n+1)—DTn)T—1+gDT 12). 3)
1 n 2

Minimum of the function F (n) can be found using the derivative. Let us equate the

derivative to zero
20n* —gT,D T.D
F’(n):O—>7Q zg[ —0n= |22 )
2n 2Q

Thus, with the number of periods

nz\/M, 5)

2Q

function F (n), that is the cost of delivery and storage of raw materials, becomes minimum.
From the formula (5) it can be seen that the optimal number of periods of raw materials supply
is independent of the length of the period of raw materials consumption after the price increase
that is T».

The optimal number of periods of raw materials supply to the warehouse of the
company (5) can be considered as an improvement to Wilson’s formula [2]. A similar
problem is solved by Robert Wilson with the full use of raw materials imported for one period,
without formation of stock reserves for subsequent periods.

Finding the length of the period 1, where the cost of delivery and storage of raw materials

will be minimal and considering that7 =T, /N, we get

2T.Q
1= |[— 2 6
Va(D; +D,) ©

Finding the volume of a delivery d, where the cost of purchasing and storage of raw
materials will be minimal and considering that d = D / n, we get

2Q(D; +D
d= M (7)
\ gT,

Thus, importing raw materials to the company in the amount of n even supplies,with the
amount of each supply in d units, with the cost of each delivery of Q units, with the projected
total demand for raw materials before its rise in Dr; and after in Dr, units, the use of raw
materials in each of the periods in d; units:
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— the volume of one supply that will provide a minimal cost of delivery and its
preservation in the warehouse is given in the formula (7);

— the period of time among deliveries for which a minimum delivery and storage of raw
materials cost is provided is given in the formula (6);

— the number of periods for which it is necessary to put the raw materials to the
warehouse for providing the minimum cost of delivery and storage of raw materials is in the
formula (5).

The minimum cost of transportation and storage of raw materials will be

/T D, +D, /T D, +D, /T D,

g ( + ) g ( +Dy,) g(D( a7 (

/gT(D +D; ) +gDT7/2:Q/gT(D +D; )
/gT(D +D) :

,/ T(D, +D
9T+ T2 by gp, o [STPR D) g g,
2 T 2 2 !
2DT T(D, +D 29(D; +D, TQ
+\/,'Q—DT‘T1)+gDT7/2:\/gQ i ; TZ)JrgDTlJr‘/ ! . Nt
. :

—%DTlTl + gDTzlzz\/ngTl(DTl + DTz ) +%DT2(T1 +1).

Thus, the minimum costs for delivery and storage of raw materials will be

Minimum costs = /29QT, (D; + D) +% D, (T, +1). ®)

In the third case, raw materials are firstly imported in smaller quantities, and further in
bigger ones, leading to saving resources for their storage (Fig. 3).

Let us suppose that with irregular supply of raw materials for the first k periods during the
time Tp the same batches of raw materials in volume of d units are supplied, that are
completely consumed during this period. Demand for raw materials during the period T; is
Dr1. The optimum size of delivery (d), the number of periods of supplies (k) and the length of
each period (7) in this interval are determined by Wilson’s formulas [2]:

T.D.
ko 905 )
2Q
2T,
= A9, (10
9Dy,
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d= [—. (11)

Z(t) A P\"/ The time of ga
i price rise
DT2 """"""""""""""""""""

1

.

ﬁ
I 55 S

o

v
=

T,

Figure 3 — Uneven delivery of raw materials (firstly by smaller batches, then — bigger)

The minimum cost of supply and storage of raw materials on the interval T, will be

The minimum costs = 2 gQT, DTI . (12)

The reserves are forming during the period T, and they meet the projected demand of
period T before the rise in energy prices and demand of period T; after the rise in energy
prices. Let the required amount of projected demand for raw materials during periods T, + T3
be Dt + Dra. Let us suppose that it is possible to save it for | periods. During T before the
rise of raw materials price the consumption for each of | periods is equal to di. Then the

number of periods |, the volume of supply for each period d, and the length of each period of
supplies 7 are found by formulas 13-15:

.:JM

(13)
2Q
2T
o= |2 (14)
9( Dy, +Dy5)
2Q(D; +D
d - \/M as)
gT,
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The minimum costs for supply and storage of raw materials in the interval T, + T3 will be:

Minimum costs T \/2 9QT,(D;, + D)) + % D, (T, +1). (16)

During the simultaneous delivery of the total volume of raw materials that will meet the
demand for the period before and after the price increase, delivery and storage of raw
materials according to the formula (1) are the largest. If the company-manufacturer of concrete
selects this strategy, there is also a risk of a possible damage of material because of a
prolonged period of storage. In our view, the first strategy, that is a simultaneous delivery of
total volume of raw materials, should be used when competitors also begin to purchase raw
materials in stock, and that increases its cost before the rise of energy cost.

Choosing the strategy of even delivery of raw materials in same batches with underusage,
storage costs and delivery are much smaller than in the first strategy. The risk of material
damage is also smaller than in the first case, it increases only during the increasing raw
material accumulation period Tj.

Choosing the strategy of delivery raw materials first in smaller, then in larger quantities to
save resources for their storage, the risk of raw materials damage because of a prolonged
period of storage is reduced. The costs for delivery and storage of raw materials in this case
are the lowest. The risk of prices raise for raw materials by suppliers in case of increased
demand from competitors in this case is the highest.

Let’s make a comparative table with the choice of a certain strategy for inventory
management for concrete manufacturers under raw material price raise for companies
producing concrete and concrete products (Table 1).

Table 1 — Comparison of inventory management strategies for industrial enterprises
under energy resources price increase

Costs for The risk of raw The risk of prices raise for

delivery and materials raw materials by suppliers
Strategy Y damage because . 0¥ supp
storage of raw in case of increased
. of a prolonged .
material demand from competitors

period of storage

The strategy of a simultaneous
delivery of the total volume of the highest the highest the lowest
raw materials

The strategy of even delivery of
raw materials by the same batches medium medium medium
with their incomplete use

The strategy of delivery of raw
materials firstly by smaller and the lowest the lowest the highest
then larger batches

The manufacturer of concrete in case of predictable increase of energy prices chooses one
of three strategies assessing the risks.

Conclusions. In terms of expected increase of energy prices industrial enterprises can
make reserve stocks of raw materials for further production for lower prices than competitors.
In this case, the company can supply raw materials according to three strategies: simultaneous
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delivery, even delivery, and firstly by smaller and then larger batches. For each of these
strategies it was got: an optimal size of delivery, number of delivery periods, and the length of
each period. Different approaches to formation of reserves will allow industrial enterprises to
take into account risks of increased cost of energy and with the choice of a certain strategy of
raw stockpiling to calculate the size of supply and delivery terms to minimize the cost of
delivery and storage.

Perspectives for further research. The practical approbation of theoretical results
obtained on actual data is important in further studies. The main objective of approbation is to
determine the situations according to which one of the three proposed in the study strategies is
chosen: a simultaneous delivery, even delivery and delivery firstly by smaller then by larger
batches.

In further studies it is also important to determine the other risks that arise with increasing
energy prices. Among them can be defined such as reduced demand for products of the
enterprise, inability to fulfill contractual obligations, increased competition in the market.
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