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Abstract: Management of inventory presents an integral pfadgistics and effective inventory management dedsa
inventory optimizing since the stocks of the compamd financial resources and present high coststocking and
maintenance of inventory. The aim of this contiidmutis to point out the possibilities of optimizati the stocks of the
mining company in the process of extracting graoidi. For optimization of stocks - granodiorite w@n use EOQ
inventory optimization model is used, which sets diptimal amount of raw material extracted in fefato economic
indicators such as storage costs, the cost ofiggciine extracted material in the quarry, insuracwsts and other types
of costs. By EOQ optimization model, we found tbatimum granodiorite extraction should be 38 toas fpour of
granodiorite, which would mean low costs for thenpany in relation to securing the raw material.sTiiodel allows
planning interventions in the mining process imtgof cost optimization, which is an important emoit indicator for
the company. The advantage of this EOQ modekiskitaining of important information about the stat the extracted
raw material in the quarry Hradbovéa as well ashervblume of storage costs of the extracted raveradt Management
of stocks raw material and minimization of costgresent economic benefits for the mining company.

1 Introduction Inventory of the company must be planned, organized

Effective management of inventory in the companin the process of holding and stocking, controlediing
must be planned from the first activity that refatie stocks expenditure to the consumption. The optimal volushe
purchase. It is necessary to understand what stieks inventory at the stocks is the assumption of efffect
company needs, in what volume, when to order stéwkg ~ inventory management, decreasing of costs on stgcki
to transport stocks to the company, etc. All mexgib and holding, as well as using all supply capacithést
information must be followed up through plannediecessary stocks bring the loss for the companytteid
information systems for the area of inventory mamagnt ineffective using in further production processedently
in the companies, which are presently very differeased there is a trend of inventory management, oriedteiehe
on the principle of simulation, operation researchlapan approach JIT (Just in Time), which means
statistical methods, etc. [1]. During manageméstacks Maintaining stocks only in a volume that is demaifte
level, we can use also quantitative methods ofatjper the given production process. State of inventorythat
analysis that can have stochastic and determinisftcks is decreasing and stocks are ordered tmptivative
character [2]. In the practice the most often Lisethe Way according to the need of the production pracBas
deterministic model of stock management withoutcitef Not all companies can use such approach and inafase

known as EOQ model — economic order quantityjecessity to stock inventory also a quantitative
introduced by Ford W. Harris in 1913 and lately R.Hdetermination of optimal stocks volume presents
Wilson develop the model [3]. a contribution [4].

Effective inventory management is necessary _ _

assumption the company could provide fluent pradanct 2  Literature review
process or continual business supply. Stocks iprthetice The topic of sustainable supply chains has evoked
present many times property that binds financisghmseof considerable interest from academics and practiten
the company and there is no possibility to tramafetocks Ghadimi et al. (2019) revealed that the call for
to the financial means rapidly. Modern inventonjincorporating sustainability (i. e., economic, sbciand
management should be based on three basic pittaialy  environmental pillars) into supply chain operatidmess
value creation, shortening of the ongoing periodl anincreased in recent years, mainly in connectioh siitpply
capacity using, as well as monitoring of stocksuwa in  chain management [5]. Cost-effective supply chain
relation to the economic indexes, as for examplmanagement under various market, logistics and
productivity and liquidity [1]. production uncertainties is a critical issue fomganies in

the industry. Uncertainties in the supply chain aligu
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increase the variance of profits (or costs) todhmpany, approximate cost evaluation technique during inmgnt
increasing the likelihood of decreased profit. Neveontrol [17]. The research is necessary to be dgrexact
innovative technologies are required, improving theost evaluation. Moreover, inventory costs are ngfiyp
efficiency of the processes and the optimizatioglobal affected by the shape of the assumed LTD distobutut
supply chains (GSC) in order to establish sustdibam it can be difficult to set the reorder point in iarentory
environmental, social, and economic aspects. Kogdds system because often one does not have much krgevled
lliés (2019) formed the optimal combination of theof the lead-time demand (LTD) distribution [18].
suppliers, final assemblers, and service providers Ogbo et al. (2014) took into consideration the
achieve cost-effective, time-effective, and susthie relationship between effective system of inventory
operation [6]. management and organization performance, showitg th
According to Kovacs and Kot (2016) fast-changindlexibility in inventory control management is anportant
market environment and fluctuating customer demgals approach to achieving organizational performandd.[1
well as inventory management, require efficientrapen There is a relationship between operational felisibi
of logistical processes [7]. Therefore, in conr@ttwith  utility of inventory control management in the @amer
SCM inventory management is presently considereal agelated issues of the organization and cost effecéss
global operations strategy for achieving compaetitizss of technique are implemented to enhance the return on
the company through finding flexibility and investmentin the organization. Effective inventoontrol
responsiveness. Inventory management is a basieeate management is recognized as one of the areas,
of production and financial management. It was pcov management of any organization should acquire dityab
that inventory in the current volatile environmemé an Luo et al. (2015) investigated a purchase-inventory
important determinant of an organization's effestess optimization problem arising from the operation
and sustainability, on the one hand, and a guaaofte management practice [20], suggested the moddiéaran
liquidity, on the other hand [8]. and steel industryin the cost-oriented purchase problem,
In many production environments where demand artle demands during future planning periods are owkn
lead times are variable, significant levels of saffock therefore new models are necessary. But therélia gap
inventory are required to assure timely productaord in using of inventory optimization in the miningdiastry
delivery of the final product [9]. Safety stockéds are and extraction companies. Siponen et al. (2019yateld
commonly introduced in the supply chain. In thighat in inventory management there are shortagestalu
connection Jung et al. (2004) used determinisaopihg inadequate control and management policies and
and scheduling models, which incorporate safetgkstoprocedures [21]There is necessary to develop inventory
levels [10]. operations, including material management, supplier
Inventory optimization is the process of ensuring t management and IS management [Zjis can lead to
right product at the right place, right time, rigitantity improvements in inventory control and productiwighile
and right quality to meet the demand and supplgoafds reducing operational costs. The goal of the coutidln is
and or services. To optimize inventory managemantie therefore to bring new important information about
by classifying inventory and demand forecastingehéal  optimizing in inventory management in mining
better prediction of demand to manage inventory].[11organizations.
Armenzoni et al. (2015) suggested the model, pmgid
estimation of the optimal level of inventory thenguany 3  Methodology

should keep available, using ‘traditional’ andeaivanced’  The goal of the deterministic model of inventory
approach for demand forecasting, which underline thmanagement in the company is the optimizationhsic
efficiency of inventory management [12]. arameter of the model, which means ordered voloime

Also, the application of operations research meshodstocks — known as supply (Q) and level of stockgofr),
and related models, for inventory management has beregarding economic criteria of all annual costsfsupply
effectively searched by various authors [18}r example, process that must be minimizeéthe model solves two
Bertrand and Fransoo (2002) give an overview Opasic questions:

quantitative model-based research in inventory  what volume of stocks to order? —the optimal vatum
management, concluding that methodology of quaivita of stocks (Q).

research offers a great opportunity for operatiams 2. \When to order the stocks? — determination of order
inventory management [14]. But according Gunasekara |evel (r).
and Ngai (2004) there is gap in implementationTotd
inventory management [15].
Berling and Marklund (2013) presented an
approximation model for optimizing inventory, matted
by close cooperation with a supply chain manageraént
the company, using costs optimizing [16], when Asgen
and Marklund (2000) used an approach, based on an

~10 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 7 2020 Issue: 1 Pages: 9-16 [ISSN 1339-5629

USING OF OPTIMIZING METHODS IN INVENTORY MANAGEMENT OF THE COMPANY
Katarina Teplicka; Katarina Culkova

Basic starting points for EOQ (economic order gradually consumed according to intensity of prdiduc

guantity) model using are as follows: process or demand claims.
1. Consumption is known, expressed per year — yeat level of stocks ordering —level of stocks, to which
presents a basic planed period. stocks would decrease, there is necessary to stgbgly
2. Consumption during the year presents a continuoa$ new stocks during in ahead agreed ordering and
function in time, having uniform flow. supplying conditions, with aim the ordered suppbuld

3. Delivery time is exactly known, always the same. come in time to the stock or in time, when realckto
4. Volume of supply is not limited, taking place a¢th achieves level of insurance stocks.

same time. re - time of ordering — determined according level of
5. Stocking is not limited and there is no influende oordering, presenting time of stocks decrease uedet of
aging. ordering.
6. Model is stationary; therefore, the volume of syppl Through mentioned model parameters there is peskibl
and delivery time are always the same. solve target question of the model for inventory
Input parameters of the model present: management without deficit.

A - intensity of stocks consumption —-consumption of tq - supply cycle —characterizing time between order
stocks for certain time interval, expressed in aurof arriving to the stock and moment of all stock’s
volume per time period of the year — as basic plgiegiod. consumption. This index depends on intensity otlsto
Consumption of stocks can have character of seasoonsumption and volume of order.

consumption, which has non-stationary charactev, — turnover of stocks —inverse value of supply cycle,
changing in time or not season consumption that hagpressing number of cycles of stocks supply dutimeg
stationary character, not changing in time. analysed period.

7- delivery time — characterizing time delay — time

between moment of stocks ordering and moment gilgup  The purpose function of the deterministic model has
to inventory. cost character. The purpose function presentsuthetibn
Resulting parameters of the model present: of total annual costs for management of inventoogess,

Q — optimal volume of order —ordered volume of stocks known as:Nc (Q). The goal of the function optimizing is
that must be equal supplied volume of stocks to tHanding of minimal value of annual costs on stogkifrom
inventory. Value (Q) characterizes volume of stottiet a mathematical point of view it means searchingfffee
are once supplied to the stock, while this volurse iextreme genuinely convex function (Figure 1).

Nc (Q) —total annual i )
Annual Costs costs on stocking Ns- costs on stocking

—

— — -
— — N
—_— o- costson
— .
== = ordering

A 4 > Volume of supply Q

Q optimal volume of supply

Figure 1 Expression of purpose function for deterstic model
Source: lvanfova, Brezina, 1997 [23]
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Purpose function of the deterministic model consists3.1. Model EOQ (Economic order quantity)

of the following parameters: Model EOQ means a solution of purpose function. We

Costs of ordering (supply) (No) —costs, connected |ook for a minimum of total cost. We obtain infortioa of
with one stock supply, for example, costs on ordgri total cost minimum and also about the optimal vaiuph
telephone fees, fax, mailing, part of transporttgos stock. The calculation of the optimal volume afcht is
consumption of office supplies, consumption oknown as Wilson-Andler equation (3). For this fotenwe
administrative supplies, costs on invoices ligu@at need to know the intensity of stock consumptiodedng
costs, connected with orders following, reclamatiorcost, stocking cost. That information is pointed ou
exceptional costs, connected with damages, speci@ancial accounting. The information is a very ibn@ant

interventions, organizational shortages during lst@;  source for the process of optimization of costs\aidme
wages of employees that follow up income of supphf stocks.

stocking, financing with suppliers, etc. Such cdstsone

supplied unit during a bigger volume of suppliezt&s are ZxAxNo . ) .

decreasing. To this group of costs, there is nduied Qopt = |y, (quantity units — pieces, kg...) (3)
ordering price of stocks. The level of the stockssin

depend on a few supplies. Such costs are deterrjne In assumption that supplies are determined in @ptim

normative or statistical way [24]. . _ level, we can derive following relations — optinnigi
Costs on stocking (Ns) -eonnected with stocking and jhdexes:

maintenance of inventory, expressed in values pirofi

stocks and time interval (day), dependent on sbacki Average state of stocks during optimal supplies

volume, which means they grow proportionally with The average state of stocks is determined accotding

volume of supply. Such costs are considerable eWhle  formula 4 as the classical arithmetic mean. Thiticator

stocking spaces are further rent to someone, onwiith jnforms us of the average stock level in stock pruides

higher stocks volume the company must pay for othefs with information for securing insurance stocks a

rented spaces, electricity, heating, etc. Partuohosts placing new orders. It is a basic indicator fompiig the

are also interesting from credits for stocks paymessts yglume of insurance stocks.

for losses, connected with inventory depreciation,

damaging and destruction of costs, costs, connewitbd Q =— (quantity units — pieces, kg, tones...) (4)

covering of other damages, insurance of stockdsdos 2

proper physical and chemical maintenance of stadsts

on stocking spaces, maintenance of spaces, dejwacia Length of supply cycle during optimal supplies

and repairs, manipulation stocks, connected witlckst The supply cycle is the time interval from the \aattiof

transitions, etc. the stocks in the warehouse to the complete exioaust
the stocks. It is expressed in time units. Thiscaibr

Optimization of purpose function has a character oflepends on the intensity of stock consumption (5).

minimizing. Mathematically it means searching diee . )

extreme of a genuinely convex function. The minimism ~ tdop = ’) (time units- day, month) (5)

found by derivation of purpose function (1), eqzeo.

Nc(Q) = No + Ns Turnover — optimal number of realized supply cycles
dNc(Q) Ji Ns during analysed period
a@ - g@XNoto = 1) Turnover of stock is the indicator that it idergiian

optimal number of realized supply cycles during the

By the mathematical expression of the purpose fomct analysed period. This indicator must be minimalized

we can determine the equation for the calculaticiotal because a few turnovers of stock influences fir@nci
costson supply and stocking during optimal suppliesndicators and it increases costs.

followed (2): Number of cycles in analysed period per year (6):
1
N; = L% No + 222t « Ng (value units - €) 2 V= td 6)
Qopt 2 opt

The purpose function expressed as the sum of tte cO  guestionWhen to order the stocks?we can answer
of ordering and of the cost of stocking createstthal by calculation of the level of ordering (r) and

cost. Total costs use the optimal parameter - @tim getermination of moment for supply ordering to sheck.
equation 3. stocking without acceptance of the purchase privg a
intensity of stock consumption. Total costs can be
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calculated as a summary function of costs on suapty
costs on stocking from the deterministic modeltotks
management without a deficit. Total costs are datexd

percentage and increased by a certain percentéigetife
determination of ordering level, we can achievesteond
goal of modelling stocks movement without deficit
mainly by answering the question: When to ordecks®

under ordering level.

Level of stocks ordering (r)

The level of stock ordering (7) is a very importan
indicator because it shows deficit of stocks. Thilcator
expresses what time is needed for their orderirighis
moment company must order the stocks.

The total process of mining is going from the dumfip
raw material that is transited by tunnel way tottar

r=(u—mxQ) (7)  processing to the material shredder with inters#§ tons
. per hour. Average costs connected with a stockfripe
Coefficient (m) aggregate fraction at the dump presents 5€ pemtoh

Consumption during delivery time (8), which ispoyr Costs, connected with the material transfiiom the
presently an equal volume of supplies on the wayymp to tunnel flow of one aggregate supply, pre26s.

(quantitative units). _ The delivery time of aggregate is approximatelyag
Coefficient (n) is a number of supplies on the way beforgne goal of this contribution is to determine basic
the moment of ordering. optimizing parameters of the process for stockidg o
T adjusted aggregate (fraction) in the mining company
m=— (8 Basic information for modelling was obtained from
Ly documents from financial accounting. Storage coste

o ] ) determined by statistical methods from the previous
~ Determination of valuenf), when comparing delivery reference period of the raw material storage. Detedn
time and supply cycle, while the dividing is calteld to  parameters for calculations are given in Table 1.
the biggest whole number integral factor, for exmp

whenm= 2.5, therm = 2, m is a dimensionless number. Table 1 Input parameters for EOQ model

4 R It Costs on orderin— (No) 25€
esu S o . Costs on stockin— (Ns) 5 €/ton/hour
Optimizing the model for raw material in a mining Intensity of stockconsumptior- (A) 140 ton/hour
company I | Delivery time- (1) 3 days = 72 hours
In this contribution, we solved a problem witk y

inventory in the quarry Hradova. By the EOQ model . . -
(equation 6) - Wilson Adler equation we looked for The solution of the problem in the mining company

optimizing state of inventory raw material granagd@in problem V‘ﬂ” tz)e r_eah?edht_h:]ough th”e fmgthemar;ucakjn{:
a mining company, which extract granodiorite byfate EOQ on the basis of which we will find out the opd
mining for the purpose of adjustment, used as greagte volume of stocks of raw material - granodl_orlte ghd
in construction. The extracted raw material iseidn the COStS related to securing these stocks in the yuarr

. dova. Calculation had been made according to
quarry and the mining company solves a place fer ghrade ) o
storage of raw material - granodiorite (figure Rlace for &90rithm of the model EOQ without stock deficit the

store raw material - granodiorite is big problemrfoning fﬂrml;]la ((fj) T_he optimal volume of a fraction tieatters
company, that must be solved. By the optimizing etod € shredder is 38 tons.

we can decrease volume of raw material for a stothe Qopt = /ZX’“N" = 37.417 tons

quarry Hradova. Ns

We calculated the average volume of stocks during
optimal supply by the formula (4). The volume oteage
stock represents the amount of the insurance stottle
warehouse, which will not represent a material aiteiin
the handling process of raw material.
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Q _ 37417

2

0= = 18.7 tons
We calculated length of supply cycle during optimal
supplies by the formula (5).

Q _ 37417
A7 140

td = 0.267 hours

opt =
We calculated turnover — optimal number of realized
supply cycles during analysed period by the fornf@ja

1 —_—

T tdope  0.267

= 3.74 cycles per hour

We calculated total costs of supply and stockingndu
optimal supplies by the formula (2).

The cost is related to the optimum stock of maltehat
must be in the quarry for the further process otessing
the material into fractions.

A Qopt

2

X No +

N = x Ns = 187.0829 Eur

Qopt

We calculated level of stocks ordering (r) by tbefula
(7.,8).

To answer the questidfthen to order the stock?we can
answer by the way of calculations of ordering lgvgand

by determination of moment for supply order to th

inventory. After the determination of ordering level, we

can meet the second goal of the modelling of stocks

transition without the deficit and to answer the
question: When to order the stocks®Stocks are ordered
in time when they decrease under ordering leveichvh
means in the case 15 tons.

We used calculation:

r= (u—mx Q*) =140x72-269x37.417=15 tons

According to the calculations of optimizing paraarst we
can state that the optimal volume of granodiostgg tons,
which should enter the shredder from the dumhdfevel
of material decreases to level 15 tons, theredessary to
provide material inflow from the dump by tunnelvildo
shredder. The length of the supply cycle of theemial
which means granodiorite to shredder presents ha6r,
which means material supply through the tunnelh® t
shredder from the dump is made averagely threestjpee
hour. Total costs that could be achieved duringnogt
supplies of granodiorite in the shredder preseitEu® per
one supply of material from the dump to the shredde

5 Discussion

Using quantitative models in the practice is nezgss
from the view of managerial decision and manageroént
stocking processes. The companies are presenity tiy

minimize the level of their stocks, using operativ:arn

inventory management with an aim to minimize stowks
stocking and inventory. Also, according to the nipiere

is possible to influence and manage stocks sumphhe

inventory and by this way to optimize costs on pase
and stocking. Decreasing of stock level presentsdme

companies’ big problems since they have stocks;twduie

not saleable, useless. And the EOQ model is theréfe

tool how the company could manage their stock sdoa
and to order optimal volume of stock that are dblée

consumed in the frame of the production procegs be

sold in the frame of distribution or sale. The pdriof

logistic management presently prioritizes the stugk
leading to decreasing of stocks situation, decngasbsts
on stock maintenance, decreasing costs on stockidg
principle of purchase marketing.

Systematic improvement of the stocking processsrin
improvement for the companies that lead to the paent
improvement of business outputs. The goal of
improvement for stocking and supply processes é& th
optimizing and removing of wasting in processesgctvis
influenced by the quality and productivity of thengpany.
Companies are presently trying to adapt to thedhapi
changing conditions at the market and to reacth® t
changes flexibly and effectively, and they mustréase
their performance. This is reflected mainly throughin
processes, such as a process of stocking and supply

This optimizing model is using in various areas of
industry, in the area of agriculture, its use ipamant in

usiness processes and services. We can use opgmiz
models also in nonmanufacturing sphere for example
health, education service, science, public managearel
we presented this optimizing model in article Epyer
solutions based on biomass and using of a quawtitat
optimization model for a biomass boiler in 2017 in
Research Journal of Mining.

6 Conclusion

The aim of the paper was to point out the postsli
of optimizing the extracted raw material in the m@
company for granodiorite mineral. By using the EOQ
optimization model, we found that the optimum eatiin
of granodiorite should be 38 tons per hour of naher
extraction, which would mean low costs for the camp
in relation to securing the extracted raw materéalthe
same time, we found that if a company has less #an
tonnes of mined granodiorite in the quarry, it mosgin
another cycle of granodiorite mining and managenent
meet sales needs and customer requirements.

We have optimized cost items because this way of
extraction will extract granodiorite only by a plamhile
the costs are optimized. The costs for the company
represent the financial resources that the compaunst
create in order to ensure the smooth operationhef t
extraction of granodiorite and its processing aecligng
in the stock of the extracted raw material. Thisdelo
akes it possible to plan interventions in the ngni
process in terms of cost optimization, which isnaportant

~ 14 ~

Copyright © Acta Logistica, www.actalogistica.eu



- International Scientific Journal about Logistics
Volume: 7 2020 Issue: 1 Pages: 9-16 [ISSN 1339-5629

Acta logistica

USING OF OPTIMIZING METHODS IN INVENTORY MANAGEMENT OF THE COMPANY
Katarina Teplicka; Katarina Culkova

economic indicator for the company. The main bieéf [7] KOVACS, G., KOT, S.: New logistics and produarti
operational research models - EOQ that can be msed trends as the effect of global economy chanBeksh
practice in decision making and management of tinéng Journal of Management Studje¥ol. 14, No. 2,
process are meeting customer expectations and pp. 115-126, 2016.
requirements. [8] CHIBISQV, o.v, CHIBISOVA, E.l,
Inventory management creates an area for KAZANTSEVA, S.Y.: Improvement of corporate
improvements in inventory control and productiwitile operations in inventory managemeiiternational
reducing operational costs for storage, which prssa Journal of Applied Business and Economic Resgarch
financial situation of the company. The main taskhe Vol. 15, No. 8, pp. 29-41, 2017.
area of stocks is minimalizing costs and reducing t [9] RUIZ-TORRES, A.J., MAHMOODI, F.: Safety stock
volume of stocks at storage. The goal of the duution determination based on parametric lead time and
was to bring new important information about optimg demand information, International Journal of
inventory management in various companies and as an Production Resear¢hvol.48, No. 10, pp. 2841-2857,
example we showed an optimizing model of stockame! 2010. doi:10.1080/00207540902795299
in the mining organization. The results of the cbation [10] JUNG, J.Y., BLAU, G., PEKNY, J.F., REKLAITIS,
remove a gap in optimizing stock in the mining G.V.,, EVERSDYK, D.: Asimulation based
organization, remaining space for similar reseafatock optimization approach to supply chain management
optimizing in special conditions of surface and under demand uncertaing@pomputers and Chemical
underground mining. Engineering Vol.28, No. 10, pp. 2087-20106, 2004.
doi:10.1016/j.compchemeng.2004.06.006
[11] DUTTA, S., SHAH, H., DASARI, A., SINGAL, K.,
HARIKEERTHI, N.Y., TALAKOLA, Y.R:
Optimizing inventory through ABC classification and
demand forecasting,17" International Annual
Conference of the American Society for Engineering
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