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Resume

Estimation of the optimal size of order is one of the key tasks in determining
the parameters of the urban freight restocking system. The existing
analytical models and methods are considering each technology separately
and they do not compare the Economic Order Quantity (EOQ) and Just-
in-tme (JIT) restocking technologies. The purpose of this research was to
evaluate efficiency of the JIT and EOQ restocking technologies. The research  goods delivery

would help in selecting the delivery model, analyzing functioning of existing  economic order quantity (EOQ)
JIT and EOQ models. The article presents an approach to determining model

the comparison in organizing supplies to the retailer. For this, the two just-in-time (JIT) model
supply models were compared. The Just-in-Time model is characterised

by costs that are spend on transportation. The Economic Order Quantity

model includes costs of transportation and storage in a warehouse. After

calculations, application of the Just-in-Time model in the given conditions

Keywords:

was determined.
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1 Introduction

The economic order quantity (EOQ) determines the
replenishment frequency for strategies that regulate size
of order and its frequency [1]. In this case, the estimation
of EOQ is accompanied by caculation of the safety stock.
Conventional approaches imply a separate definition
of these indicators, which can lead to adoption of their
erroneous values. The reason for this is interdependence
of the order size and safety stock. Thus, increasing in the
orders size leads, on the one hand, to reducing in the
frequency of replenishment of stocks and, as a result,
to increase in the amplitude of fluctuations in demand
for period between the two successive deliveries and
losses from the deficit, which must be compensated
by increasing a stock. On the other hand, according to
the patterns of folding random variables, the longer
period between the two successive deliveries, leads to
the smaller value of variation coefficient of demand,
which leads to deficit [2]. In addition, most methods for
determining the EOQ are based on the lack of influence
of orders size on replenishment costs.

In practice, this assumption is only partially valid,
in terms of having some kind of overhead for processing
and receiving an order. The greater part of the stocks
replenishment costs significantly depend on costs of
transporting, which depends on the consignment size
and the carrying capacity of vehicle [3]. Such an
assumption is not at all obvious and reliable. The
costs of delivering a new shipment to the warehouse
may amount to a significant share of the inventory
management costs, many times over the costs of storing
stocks [4]. Especially noticeable impact of the orders
quantity on the stocks replenishment costs during the
goods delivery by trucks and in particular for delivery
over long distances. Another aspect related to this issue
is determination of the unit costs of storing goods [5].
Accurate determination of the unit costs of storing goods
through rent shows that they are substantially less than
the costs of immobilization of funds. In connection with
the above, the relevance of the solution to this problem
should be noted.

The article describes comparison of the two
technologies - EOQ and JIT. The article contains the
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following sections: Introduction; Literature review
where a deeper analysis of the current state of research
in this area is given; Research method where the
methodology of research is presented; Research section
present simulation in the second biggest Ukrainian city
of Kharkiv; the differences between the classic model
and real technological circumstances; the patterns of
EOQ and JIT behavior on logistics parameters. the final
two sections Discussion and Conclusions are supporting
and verifying obtained results.

2 Analysis and statement of the research
problem

The first works devoted to determining the EOQ,
appeared almost a century ago [6]. However, even now
the models proposed at that time still underlie modern
methods for determining this parameter. The classical
Wilson’s model [6] uses the fixed costs per order and
fixed holding costs. In the last decades, a lot of scientists
paid attention to comparison of different logistic models.
The EOQ has couple of assumptions:
® resource consumption is continuous and uniform;

e the period between two adjacent deliveries is
constant;

¢ demand is met completely and instantly;

e transit and insurance stocks are absent;

* storage capacity is not limited;

e costs for placing and executing the order do not
depend on the size of the order and are constant
during the planning period;

* the price of products supplied is constant during the
planning period;

* the costs of maintaining stocks of a unit of production
during a unit of time are constant and do not depend
on the amount invested in stocks of funds and terms.
The above assumptions impose many limitations of

a practical nature, without which the reliability of the

calculations according to this formula is in serious doubt.

To overcome some limitations, attempts have been made

to change the calculation algorithm. With such a change

it became possible to analyze the system of discounts,

a variant of the formula with replenishment of stocks for

some time [7], calculation of the size of delivery on the eve

of the expected increase in purchase prices and others.

However, many questions remain unanswered,
among them the following: in real conditions, the
delivery party depends on the delivery technology
and warehousing technology, which are variable
characteristics depending on the volume of traffic [8].
Even different quntity with the same technology cause
a change in the costs of delivery, which are to change
the load capacity of the vehicle, which affects the costs
of transport services, as well as the costs of chanting
depends on the demand affecting the lease area and
the number of loading and unloading operations and
related technological operations. Therefore, under such

circumstances, delivery costs are not a fixed value, but
a function that depends on the technological parameters
of the logistics system.

Chyr et al. raised the issue of enterprise transition
from the EOQ model to JIT model [9]. This decision is
a very complicated and requires careful examination
[10]. To facilitate the decision making Fazel suggested
a mathematical model to compare costs between the
EOQ and the JIT system [11]. An indifference point,
at which costs were the same, was suggested. Min
and Pheng formulate indifference points considering
a discount function based on the order quantity [12].
Schniederjans and Cao further argued that a single
additional costs item could have a substantial impact
on the conclusions [13]. An alternative set of models to
those Fazel presented to compare the costs of inventory
under EOQ and JIT systems [11]. Campbell and Joshi
highlighted that the EOQ model in comparison to the JIT
model has inventories and there are opportunities to get
some discounts [14]. Some experts described technology
of how to apply the JIT system in the company [15].
Paper found influence of variable parameters on result
of EOQ model estimation. Basing on proposed approach
and collected data the recommendation and decision
support can be made for choosing order size in variety
external influence [16].

In contrast to the classic model of EOQ, in which
the cumulative costs of replenishment and storage of
stocks are the criterion, the author of [17] proposes to
use profitability and income]. However, income and
profitability, which also depend on price of the product,
demand, etc. change on marketing conditions. Therefore,
size of the order may change simultaneously, frequently
and quickly. In this case, the practical implementation
of this method is very problematic, since the frequency
of deliveries must be agreed with the supplier and
a positive solution to this issue.

The analysis of scientific approaches to determining
the restocking technologies and the safety stock showed
connection to various details, but poorly connecting
with technological specifics of the current supply chain.
Variation of the costs of delivery due to technological
changes (vehicle capacity, vehicle route problem
optimization, handling improvement, etc.) changed the
value of EOQ. Therefore, calculation scenario for such
an effect is an important theoretical and practical tasks.
Moreover, obtained researched data have to be evaluated
and assess for further application and comparison of the
JIT model and EOQ model. Therefore, the purpose of the
research was to evaluate efficiency of the JIT and EOQ
restocking technologies. Thus, the specific objectives of
this paper were:

1. to develop a method for assessing restock process.

2. to make calculations on different parameters of
restocking process and established influence on
order quantity;

3. to process the obtained data and compare the
results, finding the patterns.
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3 Research method

The method is divided in four stages (Figure 1).
The overall conceptual approach was described in
four stages:
1.

In the last stage, the total costs were assessed. The
results of using the comparing models are based on
total costs indicator. In addition, other indicators

Figure 1 Conceptual framework of the restocking tecnologies

l

Zt :BVC'lr—i_BC‘?,

(3)

where [ - length of the r-th route, km; v - technical speed
of a vehicle, km/hour; r = 1,..., R - specific type of route.

The storing costs in the retailers are estimated as

The preliminary analysis stage consists of choosing  [20]:
goals of research and collecting the data for futher
calculation. Formed database set up the range of
variation of the obtained results.

Identification of the models for calculations is the
second stage. There are different methods and
models, which can be used for assessing costs of
transportation, storage, capital immobilization or
etc. The choosing should meet the objectives of the  flow.
research and results needed to obtain.

— S;(1.85 + 93.35S;),

Ssihja;’

Zaoring = Qi(18.16 — 2.13 - log(g,,) —

4)

where @, - supply quantity, ton. S, - warehouse space,
m?j=1,...,dJ - type of warehouse; i = 1,..., I - material

Estimation of warehouse space at store is calculated
The restocking simulation and calculation results as[21]:
are performed on the third stage. The different

technologies of restocking give different outcomes S; = 4
[18]. The two restocking technologies, JIT and EOQ,

were compared.

(5)

where &, - average load per 1 m? of the j-th store’s

warehouse area, ton/m? h, - stock stowage height at
J-th warehouse, m; a, - area utilization factor of the j-th
warehouse; j = 1,...,J - the specific store’s warehouse

can be used for evaluating results. area.

To compare the two models of goods delivery,
the total costs per month for each model need to be
estimated. For this, the transportation costs and costs
of storage in warehouse must be set, which depend on
variable costs, constant costs, warehouse space and

Determining the optimal economic order of goods
delivery is a main step in the delivery of goods using the
EOQ model, which depends directly on transportation
costs, costs of storage in warehouse and supply quantity.
In general, the optimal volume of delivery can be found

supply quantity. by formula:
Variable costs were determined by formula [19]:
oo _ [2 412t _
a6 . storing
Bye = 0.113 - g% + 0.067 - R, **? &) I i (0.113 - ¢%% + 0.067 - R, ") +
2-qi: Ly .92 —0.095
where g, - load capacity of a vehicle, ton; R, - specific fuel ~ _ + 0_7(0-0015 g™ +0.0389- A7) . (6)
consumption of a vehicle, 1/100km; n = 1,..., N - type of i, — . ) qi
q:-(13.165 — 2.13 - log(q:)) + 5o hra, X

a vehicle by capacity.

Constant costs of the transport process can be

defined as follows [19]:

where A - number of vehicles per route, units.
The transportation costs to the retailers for specific

distribution scheme ¢ are:

. ~0.839
x(1.85 +93.35. (51— )
aj 7%

When working with perishable goods, it is necessary
Be = 0.0015¢5" + 0.0389A %% (2)  to proceed from the condition of their expiration date. In
this case, the quantity of delivery should not exceed the

demand for products in a separate period:

O _ EOG 13 1
Qﬁoa,{q» QP gi = QP nsnp > 2
t - EO LEO! it 1T
qi > Q; Q—’Qz‘: Q Q‘”??”tmi: 1—>Qtj ’

(7
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Table 1 Range of variation data

No.  Factor Symbol M;:li:;al A\\;:fsege Mjﬁial
1 Length of the route, km L 5 20 35
2 Load capacity of a vehicle, ton q, 1.5 6 10.5
3 Specific fuel consumption of the vehicle, /100 km R, 11 18.5 26
4 Supply quantity, ton q, 0.5 2 3.5
5 Technical speed of a vehicle, km/hour v, 17 20 23
6 Area utilization factor of the j-th warehouse a; 0.4 0.7 1
7 Stock stowage height at the j-th warehouse, m 3 2 3.5 5
8 Average load per 1 m? of the j-th warehouse area, ton/m? 84 0.4 0.7 1
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Figure 9 The change in the optimal delivery, depending on average load per 1 m? of the j-th warehouse

ord

where 7{"® - number of restocking per period, times.
ny” - number of restocking for perishable goods with
short validation range, times; Q/" - everyday restocking
quantity (JIT), ton.

Based on this circumstance, the demand amount was
adjusted and the adjusted restocking was determined.
The number of restocking in the period is calculated by
the formula:

ni = q:/QF. 8

The number of restocking in the validation period of
goods by EOQ model is calculated as:

ord
not = ny tw365 , ©)

where ¢ - the validation time of the j-th product.

To compare the two models of goods delivery,
the total costs per month for each model need to be
calculated. For the EOQ model total costs per month can
be found from:

) opt
ZfOQ = %?‘m 7+ (%) ' ZSlariVly ! n?pt ’ (10)

where ¢ - time of storage in a warehouse, day.
For the JIT model total costs per month can be
found from:
Z‘[]IT - ngmi . Zt + Zsloriﬂg (11)
For the efficiency estimate of using each of the
systems, it is proposed to calculate the dependence:
ZEUQ
T = QEOQ/IT - (12)
If arogr greater than 1, one needs to use the JIT
model for deliveries, if it is less than 1, then one needs to
use the EOQ model, but if the ratio is close to 1 unit then
it does not matter what technology of supplies to use.

4 Results

The proposed mathematical models were tested
on a real example. For this, one of the retail chains in
Kharkov was chosen, which is the largest there. The
number of stores is 56 units. For now, restocking is
made by simple routes 1-2 times per month (expectation
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is goods with small validation period e.g. milk, bread,
etc.) Collecting initial data and simulation established
variation range of main parameters of the logistic
activity, which are presented in Table 1.

For the visual impact of the parameters on the EOQ,
graphs were constructed (Figures 2-9), with an average
value of the optimal volume of delivery shown, as well.

From Figure 2, it can be seen that increasing the
length of the route leads to increase in optimal delivery.
As the transportation costs increase, it is more profitable
for an enterprise to deliver more goods at one time less
frequently.

Using the regression and correlation analysis, the
set of model, which described the optimal quantity for
delivery, was made. Model of change in the optimal
delivery, depending on the route length is:
QF°? = 0.3361, + 1.067 . (13)

The approximation confidence value is R?* = 0.983.

Analysis of results of Figure 3 shows that increasing
load-carrying capacity of vehicle leads to increase in
optimal delivery. With increasing the load-carrying
capacity, variable and constant costs increase. In
order for the transportation costs to be reasonable,
a proportional increase in the volume of delivery is
required based on the carrying capacity of a vehicle.

Model of change in the optimal delivery, depending
on the load-carrying capacity of a vehicle is:

7% = 0.083R, + 2.136. (14)

The approximation confidence value is R? = 0.956.

As in Figure 3, increasing of fuel consumption in
Figure 4 will increase volume of the optimal delivery,
due to rising of variable costs. Figure 3 and 4 describe
the indicator of the optimal amount of delivery in
the same way, since an increase in one indicator
proportionally increases another.

Model of change in the optimal delivery, depending
on the fuel consumption is:

7% = 0.083R, + 2.136. (15)

The approximation confidence value is R? = 0.956.

From Figure 5 can be seen that increasing the
supply quantity will increase volume of the optimal
delivery. The optimal delivery quantity can be higher
than the actual supply quantity or lower, which indicates
the direct impact of transportation and storage costs.

Model of change in the optimal delivery, depending
on supply quantity is:

P00 = 0.245¢; + 1.422. (16)

The approximation confidence value is R?* = 0.962.

Analysis of Figure 6 shows that increasing the
volume of vehicles speed leads to reducing the volume

of optimal delivery. Increase in speed leads to decrease
in transportation costs, which in turn increases gap
between the storage and transportation costs. As
a result, transportation costs become lower and more
efficient to supply more often than to store in warehouse.

Model of change in the optimal delivery, depending

on the vehicle’s speed, is:
7 = —0.00050 + 2.507 . amn

The approximation confidence value is R* = 0.992.

The Figure 7 shows that with increasing in area
utilization factor, the efficiency of warehouse operations
increases. It will also help reduce the costs of storing
cargo and the expediency of using stocks.

Model of change in the optimal delivery, depending
on area utilization factor:
QP = —0.027a; + 2.386 . (18)

The approximation confidence value R? = 0.981.

From Figure 8 can be seen that increasing the stock
stowage height leads to increase in optimal delivery.
This can be explained by the fact that increase in space
requires a proportional increase in the goods being
delivered.

Model of change in the optimal delivery, depending
on the stock stowage height, is:

= 0.027h; + 2.386. (19)

The approximation confidence value is R? = 0.981.

Figure 9 shows that increasing the volume of
average load per 1 m? of store leads to increase in
optimal delivery. This is quite logical, as an increase in
stock filling requires the delivery of more goods.

Model of change in the optimal delivery, depending
on the average load per 1 m? of store, is:

7= 0.0275; + 2.386. (20)

The approximation confidence value is R? = 0.981.

To compare the two models of goods delivery, the
retailer and supplier were chosen, which are located
in Kharkiv (Figures 10-11). All the initial data are
presented in Table 1.

According to marketing research that was carried
out earlier, the volumes of material flows that are
bought by consumers per day were set. In the case of
the JIT model the suppling of goods is carried out each
day per month in needed quantity. Therefore, there are
only transportation costs. In Figure 12 is presented an
example of supplying to the retailer by the JIT model.

In the case of Economic Order Quantity (EOQ), the
model of the suppling of goods is carried out based on the
optimal delivery volume in needed quantity. Therefore,
there are transportation costs and costs of storage
in a warehouse. In Figure 13 is shown an example of
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Table 2 Indicators of using the restocking technologies

Total expenses for restocking of material Total expenses for restocking of material flows by
Model flows by just-in-time model, Economic Order Quantity (EOQ) model,
EUR/month EUR/month
Total costs 5702.73 10124.72

supplying to the retailer by EOQ model. Analysis of supply made in periods of time. It shows fluctuations of
the two graphs shows every day restocking (JIT) do not  stock during the month and variety of costs to maintain
change level of sock in store, instead of EOQ when the stock.
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After calculation by Equations (1) - (10) the total
costs for each of the two logistic models, are shown in
Table 2.

As analysis of the proposed model shows, the costs
of delivering a new shipment of goods to the warehouse
significantly affect the economical size of the order, so
in reality, using Equation (6) can significantly increase
definition of the economical size of the order.

According to Equation (12) arog/ur is greater than 1:

10124.72 _

QE0QUIT = 570202 L7

Therefore, the more efficient is to use the JIT
technology for restocking in this case. It takes less costs
for 1.7 times for this distribution network.

Logistical inventory management has a number
of requirements: the quantity of the stock must be
sufficient to ensure the continuity of the production and
circulation processes. The stock should be reduced, as
much as possible and its mobility should be as high as
possible. The costs associated with the storage of stocks,
should strive to be minimized, which should ensure the
reduction of losses from the immobilization of working
capital in stocks

5 Discussion

In the classic EOQ and JIT models, the parameters
remain fixed, only the quantity changes. In reality, the
costs of transportation and storage will depend on the
scope of supply. Thus, the existing patterns indicate
a decrease in the costs of transportation of a unit of
production with an increase in the load-lifting capacity
of ta vehicle. Fixed costs in stock remain fixed for
a month, but with an increase in warehouse turnover,
the share of these costs in total logistics costs for product
promotion decreases.

The proposed coefficient determines the feasibility
of using a particular supply technology. In this paper,
the costs of using technology were considered, but by
using a different system of restrictions (for example,
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