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Abstract: In many organisations, Just-In-Time (JIT) implementation plays a significant role in minimizing their excessive
costs, and increasing their efficiency. However, the risks accompanying JIT strategies are often overlooked and affect system
processes disrupting the entire chain of supply. This paper proposes an inventory model that can simultaneously reduce costs
and risks in JIT systems. This model is developed in order to ascertain an optimal ordering strategy for procuring raw
materials by using multi-external suppliers and local backup supplier to reduce the total cost of the products, and at the same
time to reduce the risks associated with JIT supply within production systems. The effectiveness of the developed model is
tested using an example problem with inbuilt disruption. A comparison between the cost of using the JIT system and using the
inventory system shows the superiority of the use of the inventory policy.
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1. Introduction

In today’s competitive global markets, customers seek to
obtain their supplies whilst simultaneously obtaining the
cheapest prices irrespective of where they are produced.
This leads organisations to implement new techniques, in
order to reduce the costs of their products and to insure
their position in the marketplace [1]. Lean manufacturing is
a philosophy, which may be used to assist production
systems to reduce their waste, and to increase the activities
that add value to the end product to increase its attraction
within its market segment [2]. This approach is
conceptually simple which has earned it wide popularity.
By understanding these foundational concepts and
principles, lean manufacturing may be more easily applied
[3].

The main task of the lean manufacturing system is to
locate the major sources of waste which are then to be
eliminated by the application of a large number of tools
such as JIT and production smoothing [2]. JIT is considered
as one of the significant lean manufacturing tools that can
be used within organisations leading to improvement on a

continuous basis including the flow of materials and
information, management of human resources, improved
throughputs, costs reduction, and elimination of wastes and
non-value added activities [4].

Most international organisations have implemented lean
manufacturing tools such as Just-in-Time (JIT) in their
processes to reduce their costs and to improve their
efficiencies [1]. However, they tend to ignore the risks
arising from these goals. These risks will impact on their
processes disrupting the entire supply chain.

The main objective of this paper is to develop an
inventory model for simultaneously reducing costs and
their effects in JIT systems. The goal is to determine an
optimal ordering strategy for obtaining supplies within the
production systems using both external and local backup
suppliers. This strategy is crucial in case of the occurrence
of unforeseen disruptions such as natural and man-made
disasters, and economic crises to achieve a high product
quality and total financial and operational actions within
the supply chain. The flexibility to access various suppliers
can significantly and positively affect lead time and
performance [5].
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The rest of this paper is organised as follows: Section 2
reviews some of the literature on JIT, and cost and risk
modelling. The problem illustrating JIT implementation is
described in section 3. Section 4 presents the proposed
model formulation to reduce costs and their risks in JIT
systems. In section 5, a simplified problem is provided to
illustrate the application of the developed model. Section 6
discusses the findings from implementing the developed
model in a simplified problem. Finally, section 7
summarises and concludes this paper.

2. Literature Review

Just-in-Time (JIT) is a Lean manufacturing tool that can
be utilised to improve organisations’ efficiency. It is a
manufacturing pull system, which can be used for planning
and controlling operations, in order to produce, and supply
the required products at the correct place, when they are
required, and at the right ordered amounts [6], [7]. The
main principles of JIT include: high quality, small lot sizes,
and regular deliveries in short lead times, close contact with
suppliers [8]. The appropriate use of JIT in manufacturing
can reduce waste and increase productivity, efficiency,
profit, and customer satisfaction [9], [10]. According to
Tourki [10], some critical principles such as people
involvement, training and education, supplier relations,
waste elimination, Kanban or pull system, uninterrupted
work flow, and total quality control are used for successful
implementation of JIT system. In addition, JIT is highly
beneficial for many companies, as the literature indicates
that the efficiency gained from the implementation of JIT in
production processes translates in accelerated productivity.
Inventory levels for manufacturing dropped from 50 days
to 40 days during 1999 and 2000 in United States. This
indicates the importance of JIT implementation for
manufacturing production by achieving operational
efficiency [11]. Furthermore, it is a critical tool that can
also be utilized for the purpose of managing the external
activities associated with an organisation including that of
purchasing, as well as distribution. Three elements included
in case of JIT are: JIT production, JIT distribution and JIT
purchasing [2].

Recently, researchers have searched for an economic
quantity model for production systems following a JIT
approach for ordering raw materials and the shipping
processes. Different models can be utilised for the purpose
of ensuring reduction in the level of cost and risk in case of
JIT systems. For instance, one such model type that can be
utilised for achieving cost efficiency is the lot size
reduction model. This model emphasizes that by ensuring
reduction in the lot size, it can become possible to achieve a
reduction with respect to the level of the cost required in
performing the delivery of finished products to final
consumers [12]. Fahimnia et al. [13] developed a mixed
integer formulation for optimising a two-echelon supply
network. They concluded that by implementing the

developed model in a case study, it is clear that by
considering all production costs prove the effectiveness of
this model in the real applications. A higher lot size
unnecessarily increases cost and some components of risk,
while reducing others. As a result, the lot size risk reduction
model can be utilised in order to ensure an optimum lot size
and thereby, efficient management of risk from the lot size
can ultimately become possible to achieve cost efficiencies.
An operation model may also be used for the purpose of
JIT scheduling which explains each and every process
included in the JIT system. Thus, by way of identifying the
stages of JIT systems, necessary actions can be taken for
the purpose of achieving cost efficiency in the operation
[14].

Sarker and Khan [15] developed a general cost model for
the two-stage batch environment taking into consideration a
limited rate of production. This model can be utilised to
ascertain the product batch-sizes and order-sizes of raw
materials, so reducing the total cost that meet the same
batches of products, at fixed intervals, to the buyers. Yang
and Pan [12] investigate a JIT purchasing model where a
single vendor supplies a single purchaser with a product.
Their work presents an integrated inventory model, which
minimizes the sum of the ordering cost, holding cost,
quality improvement and crashing cost by optimizing the
order quantity, lead time, process quality and the number of
deliveries to provide a lower total cost, higher quality,
smaller lot size and shorter lead time. Therefore, applying
JIT methods such as small lot size, lead time reduction and
quality improvement play a significant role in achieving
JIT purchasing goals. In their article, a stochastic model,
which includes two stages, was developed by Carneiro et al.
[16] to optimise investment portfolios within an oil supply
chain in Brazil. Three sources of uncertainty are considered
by adopting the conditional value-at-risk (CVaR) as a risk
measure within six oil refineries, in order to minimise the
expected net present value (ENPV) in the supply chain.
Additionally, Julka et al. [17] propose a unified, flexible,
and scalable framework for modelling, monitoring and
management of refinery supply chains. This framework has
two basic elements: object modelling of supply chain flows
and agent modelling of supply chain entities. Three classes
of agents, emulation, query, and project agents are used for
methodologies required for decision-support systems. It is
essential to define the optimum production lot size and the
order quantities of associated raw materials simultaneously.
This could be done by treating the production and
purchasing as modules of a single system, minimizing the
total cost of the system [15].

As systems become increasingly integrated, any
disruption cannot be arrested in the functional area of
origin and propagated through the production and
distribution system. The reduction of waste (muda), as
inventory or extra production capacity, exposes adjacent
activities and may affect the whole supply chain. In his
article, Tomlin [18] investigates some features of the
organisation, its supplier(s), and its products such as
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supplier reliability, and supplier failure correlation and their
impacts on the organization’s preference. He also mentions
that common dual sourcing can protect organisation from
any disruption impacts due to receiving deliveries from
both in case of one supplier is disrupted. Simchi-Levi et al.
[19] point out the risks associated with a JIT system in
cases of unforeseen disasters disrupting supply chain such
as what eventuated with some auto manufacturers
following Sept. 11, 2001. They emphasise that sharing risks
throughout supply chain parties has a significant impact on
them.

Dimakos and Aas [20] presented a new method to model
the required total economic capital required, in order to
strengthen a financial organization against possible losses.
The system was implemented in the Norwegian financial
group DnB’s system for risk management. It is concluded
that the total economic capital was reduced by 20% of the
actual rate for a one year. Also, Gaivoronski et al. [21]
presented an approach for considering a cost—risk balanced
process to manage the scarce water resources in conditions
of uncertainty. A new technique was modelled relating to a
re-optimization phase that allows wusers to organise
emergency strategies by adopting the barycentric value as a
new target, which resulted in drastic risk reduction in
resource delivery. In addition, Jose [22] clarifies how risk
management sources in a project’s innovation can be better
managed through a modelling process. Although the
innovation management relevance is uncertain, several
methods of risk management have been proposed. This
article focuses on the formation and management of
uncertainties in a context and the deployment of risk
management techniques. By using a general model of
innovation to manage the parameters of risk creation, the
risk management process is applied to a specific case. El
Dabee et al. [23] developed a mathematical model to
reduce the total cost of the products, and at the same time
to reduce the risks arising from this cost reduction within
production systems by using external suppliers for
supplying raw materials to the production systems. They
concluded that comparing the use of a JIT system with the
use of a specific amount of inventory during a limited
period of time had a significant impact on the production
system.

According to the literature review related to JIT, all
developed models were used to reduce either cost or risk
independently. It is clear that risks have an adverse impact
in organisations’ performance, which causes an increase in
their total costs and at the same time reduces their
efficiency. Therefore, risks should be assessed by
identifying, evaluating, and measuring them, in order to
reduce the undesired effects they cause within these
organisations.

3. Problem Description

In this paper, it is assumed that a distribution network
consists of multiple external suppliers. This is due to

pricing variances for the same product in different markets.
The materials are transported from different manufacturers
to the production system, which in turn produces the final
product for sale to wholesale or retail outlets. Also, the raw
materials are replenished instantaneously to the production
system to meet JIT requirements. To avoid any risks that
arise from possible disruptions occurring to the external
supply chain, it is assumed that the production system is
capable of obtaining the raw materials required for full
production up to the finished product from local backup
suppliers at a higher cost but in a shorter lead time.

4. Model Development

All notations and assumptions, decision variables,
parameters, and mathematical formulations will be
described as follows:

4.1. Assumptions

The model formulation is based on the following

assumptions:

*  The ordering cost of raw materials is a at fixed rate
for each order regardless of the order size;

e The utilities cost of the final product is a percentage
of total cost of the product that can be changed by
the inventory batch size;

*  The final product price is at a fixed rate regardless
of the inventory batch size;

¢ The raw materials are supplied by the regular
external supplier if there is no disruption occurs;

*  The raw materials can be purchased from the local
backup supplier when one or more of the regular
external suppliers are disrupted;

¢ The cost of raw materials from the local backup
supplier SLB can be considered as a percentage of
their cost when they are purchased from the regular
external suppliers depending on its reliability (RS);

¢ The worker cost required for producing the final
product per time unit is a fixed rate per time unit;

*  The risk cost arising from the likelihood of risk
occurrence is a percentage rate depending on its
impact on the production system;

¢ The duties cost is incurred if raw materials can be
supplied by an external supplier; and

*  The transfer price required to procure raw material
from the regular external supplier can be considered
as a percentage of its total cost CM.

4.2. Notations

The following notations are used in the proposed model:

Cr: Total cost required to produce one product in
monetary unit (MU);

Cy: Raw material cost required for producing one
product (MU);

Co: Ordering cost of raw materials (MU);

Cy: Holding cost of raw materials within the production
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system warehouses (MU);

Cup: Unit cost of the raw material at the beginning of
that cycle (MU);

Cr: Risk cost arising from disruption occurrence (MU);

Cri: Labor cost rate per labor time in operation i
(MU/hr);

C,: Transportation cost for delivering raw materials to
the production system (MU);

Cp: The purchasing cost of the raw materials that are
required to produce the product (MU);

Cy: Utilities cost of the final product (MU);

Cp: Duties cost arising from procuring raw material from
an external supplier (MU);

Cyy: The cost that is carried per unit during each cycle
MU);

TP;: Transfer price required for procuring raw material i
from an external supplier i (MU);

D;: Duty rate (%) per price of raw material i supplied by
an external supplier (MU);

tp: The percentage rate of raw material cost (MU);

Ts . m: Tensor for transportation cost per critical
measurement (MU);

S: Origin of ordered raw materials;

V. Destination of required raw materials;

m;: Transportation mode for transporting raw material i
to its customer;

tm: Critical transportation measurement of raw materials
shipped using transportation mode m;

SE;: Raw material external supplier i;

SLB;: Raw material local backup supplier i;

IF: Indicator function for duty with a value 1 or 0. 1 if
the supplier and the production facility are in the same
country and 0 otherwise;

M;: raw material types required in producing one unit of
product i;

LH: Likelihood of occurrence for risk in the supply
chain;

I: Impact of risk occurrence in the supply chain; and

%TRS: Total risk score percentage value.

4.3. Parameters

dp: Customer demand for the final product in a period
(unit);

No: Number of operations required for producing one
product (unit);

Ny Number of workers required to produce one product
(unit);

N;: Number of working hours for producing the final
product (unit);

Np: Number of parts required to produce one product
(unit);

Ng: Number of external suppliers required to supply raw
materials to the production system (unit);

Cy: Worker cost required for producing the final product
per time unit (MU);

Rg: The reliability of supplier reflects the availability for

supplying raw materials at the planned time (0- 1);

h;: Operation time required to produce a product i (hr);
and

P;: Final price per unit of final product i sold to the
customer (MU).

4.4. Decision Variables

Oy The quantity of raw materials ordered in each patch
(unit); and

LT: Lead-time in time unit taken between placing and
receiving the placed order (day).

4.5. Model Formulation

A general cost model is developed considering supplier
of raw material point of view. This model is utilised to
ascertain an optimal ordering strategy for obtaining raw
materials batch size using both external and local backup
suppliers to minimize the total cost of the final products
and its risk effect in JIT systems. It is built to determine the
total cost of producing the final product within production
systems. The total cost of this product can be found by:

CT:CRM+CW+CU+CR (1)
Also, for the regular external and local backup supplier,

Crys includes the sum of costs Cp, Cy, Cp, C,, Cp and TP.
Therefore, it can be calculated as:

Cpy =C,+C, +C,+C, +C, +TP @)

Where, Cy as the cost of ordering and receiving an
amount of raw materials each order that can be calculated
as:

Co=2.C, (3)
Also, the rate of Cy; equals:
Np

Cy=2.Co 4)
i=1

Cp is the unit cost of the raw material at the beginning of
that cycle Cyjy that equals:

Np
C,=> Cu, 5)
i=1
C,- as a component of Cy, can be calculated as:
NS
Ctr = tm x ;7;1 Vo (6)

Cp is the duty cost arises from supplying raw materials
by a regular external supplier Sg; to the production system.
It means that for local backup supplier S;3, there are no
duties arising from supplying raw materials to the
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production system. It can be calculated as:

Np Ny

Cp=2.2.Cy, (1=IF)xD, (7)

i=l i=1
TP as a transfer price for procuring raw material from a
regular external supplier Sg; can be calculated as:

Np Ny

TP=3%"%"1p,xC, ®)

i=l i=1
Therefore, Cyyscan be calculated as follows:
N,

Np Np Ny
CRM = Z C(J, + Z CUH‘ + Z CUM, +z, % ZTs/ Voml
i=1 i=l Jj=1

i=1

)

=

Mz

Ny Np

S Cy, (A~ 1F)XD, +ZZIP, xCy,

j=1i=l

P

+

i

Il
~.
Il

However, Cp, as the unit cost of raw material i (Cyyy)
procured from local backup supplier S;5; at the beginning
of that cycle can be calculated as:

Np
C, =2 Cu, ¥Ry (10)
i=1
Also, the worker cost Cj can be found as:
N(} NO
Cy=2.C, =D.C, %h (11)
i=1 i=1

In addition, Cy, is the utilities cost that can be considered
as a raw material cost percentage of the final product. It
equals:

Np
Cy =D %Cpy (12)

i=1
C,; is the cost of the part of raw material that equals

C, =C,+C, +C,+C, +C, +TP+C, +C, (13)

Furthermore, Cy as a risk cost can be calculated by the
following equation:

Np
C, = Z %TRS, xC,,
i i=1 14)
= Z(LH x1/Max(LH x1))xC,,
i=1

Finally,

C, =C, +C, (15)

Cr can be calculated in case of using the regular external
supplier for procuring raw materials as follows:

N, Np Np Ny
CT - ZCO, + ZCUH, + ZCUM, + Ly X ZTS,,V,ml
i=1 i=1 i=l Jj=1
Np Ny Ng Np

Y3, (-1)xD, + Y (1 +1,)%C,,

i=1 j=1 j=1 =1

(16)

No Np Np.
+>.C, xh + > %C,, + (LHx1/Max(LH x1))xC,,

i=1 i=1 i=1

Also, when raw materials are supplied by the local
backup supplier, Cr can be found as:

Ny Np. Np Ns No
CT = ZCO, + ZCUII, + ZCUML +tm X ZTS/,V,m + ZCL, xhi
i=l i=1 i=1 j=1 i=1
N N 17)
+Y %C,, + Y (LHx1/Max(LH x1))xC,,

i=1 i=1

According to [23], the proposed model was tested in the
simple process for assembling a brushless DC electric
motor (BLDC). It was used to ascertain the decision
variables effect on other studied parameters within the
production system.

5. Example Problem

The mathematical model proposed in section 4 has been
tested with a simple assembly process for a landline phone.
It uses multiple, identical operations to assemble five
individual parts ; into the finished product (Np= 5) namely,
transmitter, receiver, push-button, ringer or audible
indicator, and a small assembly of electrical parts
(circuit-board). It is assumed that a production system
purchases raw materials in a fixed size from three different
regular external suppliers (Ng= 3). These raw materials are
delivered at a fixed interval of time when they are needed
(JIT system). Parts 1 and 2 are supplied by the supplier Sg;,
which need three weeks (LT) to arrive, parts 3 and 4 are
supplied by the supplier Sg,, which require five weeks to
arrive, and Part 5 is supplied by the supplier Sg;, which take
four weeks to arrive. The production system includes four
operations conducted by four workers (W;, W,, W3, and W,
respectively). The number of working hours N, is 8 hours a
day during 5 days per week, each worker has a fixed wage
Cy; valued 12 monetary unit (MU)/ hour. Operation 1
assembles parts 1 and 2 and transfers them to operation 2,
which assembles parts 3 and 4, and then transfers them to
operation 3. Operation 3 assembles parts 5, and finally
transfers the product to operation 4, which tests and places
the final product in packaging before sending it to the sales
department. The production facility produces 70 units per
day, and it purchases raw materials from the three different
regular external suppliers Sg;, Sg;, and Sg; (if no disruption
occurs) and two local backup suppliers S;3; and S; 3, (in the
event of one or more of the regular suppliers experiencing
disruption). Each order is 1050 units from Parts 1 and 2,
1750 units from Parts 3 and 4, and 1400 units from Part 5
respectively. These order quantities can meet customer
needs during a fixed time-period under normal supply
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conditions. It is assumed that the utilities cost Cy is equal to
10% of the raw material cost of the final product. It is also
assumed that Parts 1, 2, 3, and 4 can be supplied to the
production system by S;z; with a rate of 150% of their cost
when they are purchased from the regular suppliers Sg; and
Sg> and Part 5 can be procured from S; 3, with a rate of 160%
of its cost if they are purchased from the regular suppliers
Sg3. Finally, the end customer purchases the final product
by 82 MU. Figure 1 shows the supply chain for this
production system.
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Figure 1. The supply chain for the production system

However, many risks result from delays in the
delivery-time of these materials to the production system.
These may arise from risks caused by physical, social, legal,
operational, economic and political factors. These factors
can affect and disrupt the production system and all the
supply chain parties. Therefore, this paper studies the
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effects of these factors on the case study of a production
facility.

The next step is to identify supply chain risks facing the
production facility. Table 1 includes the main supply chain
risks potentially facing the production/ marketing of
landline phones and their impact within the production
system. Risk identification was prepared based on what is
perceived as the effect of a disruption or change in demand
on the production facility. It may also be approached by
investigating all possible root causes of supply chain issues.
According to [24], risk can be assessed by two common
approaches; the likelihood of the occurrence of an
(undesirable) event, and the negative ramifications of the
event. Therefore, the total risk score can be calculated by
multiplying those scores together.

The risks H;, H,, and H; may result from increasing the
lead time of raw materials of external suppliers Sg;, Sk, and
Sg3 respectively to arrive at the manufacturing plant at the
planned time. The likelihood of the occurrence of such
risks might arise as a result of some factors such as natural
and man-made disasters, and economic crises (currency
evaluation/ strikes). All of these mentioned risks will
disrupt the production system, and at the same time will
affect the other parties in the supply chain. However,
impacts of these factors can be avoided by keeping a
sufficient inventory within the production facility. An
inventory is an important supply chain driver because
changing inventory policies can dramatically improve the
supply chain's efficiency and responsiveness that makes it
able to maintain its permanent production during the
disruption time.

Table 1. Risk assessment of the landline phone in production system

Risk

Likelihood Impact

q a q
ot Risk Product Effect -5 -5 % Total Risk Score
HI External suppl%er 1 cannot supply raw materials on All product 5 5 4/25= 16%

the scheduled time.
mn External suppl%er 2 cannot supply raw materials on Al i ) 4 8/25= 32%

the scheduled time.
H3 External supplier 3 cannot supply raw materials on All product 5 3 6/25=24%

the scheduled time.

The main cost drivers in a landline phone are: transmitter,
receiver, push-button, ringer or signaler, and populated
circuit board. They are shown in Table 2 as a percentage

rate of the total cost of the phone. This table also illustrates
the cost percentage rate, incurred duties, and transfer price
for each supplier.

Table 2. Cost drivers in Landline phone

Supplier Raw material type Cost percentage (%) % Supplier rate % Duties rate % Transfer price (TP)
S1 Transmitter 20 40% 5% 4%
Receiver 20
S2 Push-button 19 36% 4% 3%
Ringer/ alerter 17
S3 Electric board 24 24% 3% 2.5%
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6. Results and Discussion

In this section, the proposed model will be used to
ascertain the effect of decision variables on other
parameters examined within the production system. The
findings of this paper are organised in three cases as
follows:

6.1. Case I

The impact of lead time on cost types of the final product
will be investigated for a scenario of having disruption
from an external supplier. This prompts sufficient stock
keeping from the external supplier to prevent any
likelihood of stock running out.

The findings illustrated in Figure 2 show that if the
supplier 1 has disruption for any reason, keeping different
amount of raw materials in warehouses (1-35 days) have
direct impact on the total cost arising from the risk cost
associated with the supplier. Keeping raw materials in the
warehouses have high impact on the earned profit. From
this figure, it is clear that the production system is able to
procure sufficient raw materials to produce the final
product for 29 days with an appropriate profit. That is
because the external suppliers offer sales discount to their
customers for purchasing any extra amount of raw
materials. Therefore, it is clear that the net profit increases
in the beginning of each week and then gradually decreases
until the week ends.

— ik 005t
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Figure 2. Lead time and its impact on net profit and risk cost arising from external supplier 1 disruption

Table 3 demonstrates the results of some cost types
calculated using the developed model equations. The
maximum duration used for keeping a limited amount of
raw materials is 5 weeks based on lead time for external
suppliers. It shows that if any disruption affects supplier 2

who supplies some an amount of raw material types used
for production, then keeping safety stock of these raw
materials in warehouses (1-5 weeks) at different periods of
lead time have a direct impact on risk cost.

%00 -
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15.00 -
1
c 000 -
=1 — Fick COSh
—
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Figure 3. Lead time and its impact on net profit and risk cost arising from supplier 2 disruption

Table 3 shows increase in the utilities and risk costs,
whereas the purchasing cost decreases. However, the

ordering, transportation, duties, transfer price, and worker
costs are fixed. Surprisingly, Figure 3 shows that the safety
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stock amount for 1-35 days give a negative profit rate. because of the impact of the supplier risk cost arising from
From Figure 4, it is also clear that there is a striking  this disruption.
impact on the risk cost, when supplier 3 is disrupted. This is

Table 3. Effects of lead time on cost types arising from disrupting external supplier 2

Cost type MU/ unit
0 week 1 week 2 weeks 3 weeks 4 weeks 5 weeks
Ordering cost 0.9 0.9 0.9 0.9 0.9 0.9
Holding cost 0 0.7 14 2.1 2.8 3.5
Purchasing cost 40 39.28 38.56 37.84 344 36.4
Transportation cost 10 10 10 10 10 10
Duties 1.66 1.43 1.43 1.43 1.43 1.43
Transfer price 1.31 0.89 0.89 0.89 0.89 0.89
Utilities cost 5.37 53 5.3 5.3 53 5.3
Worker cost 5.49 5.49 5.49 5.49 5.49 5.49
Risk cost 0 20.43 20.42 20.42 20.41 20.4
Total cost 64.58 84.27 84.24 84.22 84.19 84.16
Net profit 17.42 -2.27 -2.24 -2.22 -2.19 -2.16
Sales price 82 82 82 82 82 82
20.00
15.00 -
= 10.00
g
s} Risk cost
g .00 Net profi
000 - = q R
355 5 3EE g RS2 EEEEEEEE
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Figure 4. Lead time and its impact on net profit and risk cost arising from supplier 3 disruption

occurring from the three external suppliers, stoppage of
6.2. Case IT production caused by a lack of raw materials can be easily
avoided. However, this will increase the purchasing and
risk cost that depends on the reliability of these suppliers.
Figure 5 shows the effects of lead time on the net profit and
the risk cost arising from the disruption caused by external
supplier 1. This prompts the use of local backup supplier 1
to supply the required amounts of raw materials in different
periods of lead time.

Keeping the same base case in-point as the first, the
impact of lead time on cost types of final product will be
investigated where stock is procured from local backup
supplier. This case assumes that the external supplier is not
able to meet supplier demand due to the disruption.

By using local backup suppliers for supplying the
required raw material in the event of any disruption
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Figure 5. Lead time and its impact on net profit and risk cost arising from supplier 1 disruption using local backup supplier 1
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Figure 6 also illustrates the lead-time impact on the net
profit and the risk cost arising from the disruption caused
by external supplier 2. This prompts the use of local backup

Faraj El Dabee et al.: Development of a Model for Simultaneous Cost-Risk Reduction in
JIT Systems Using Multi-External and Local Backup Suppliers

supplier 1 to supply the required amounts of raw materials
in different periods of lead time.
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Figure 6. Lead time and its impact on cost types arising from external supplier 2 disruption using local backup supplier 1

In Figure 7, it is clear that the lead time has marked
impact on the total cost arising from the disruption
occurring from supplier 3 if the local backup supplier 2 is

used to supply the required amount of raw materials in
different periods.
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Figure 7. Lead time and its impact on cost types arising from supplier 3 disruption using local backup supplier

6.3. Case II1

In this case, the two cases are compared to find the
optimum quantity of required raw materials that give an
appropriate profit during the disruption period.

Figure 8 illustrates the comparison between the net profit
and risk cost arising from producing final product if
disruptions occur from external supplier 1. This compares
the case of solely relying on an external supplier 1 or using

local backup supplier 1. It can be observed that if supplier 1
has disruption, the cost arising from keeping inventory
during this time using local supplier is less than the cost
using the same supplier. Therefore, it can be observed that
working with a 3 weeks inventory from a local backup
supplier during the disrupted time gives a reasonable profit
for the production system.
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Figure 8. Comparison between the net profit and risk cost arising from supplier 1 disruption using the disrupted supplier and local backup supplier 1
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Figure 9 illustrates a similar comparison for the case of
supplier 2 and a local backup supplier. It is clear that if
supplier 2 is disrupted, the cost arising from keeping
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inventory during this time using local supplier is also less
than the cost using the same supplier.
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Figure 9. Comparison between the net profit and risk cost arising from supplier 2 disruption using the disrupted supplier and local backup supplier 1

The same result has been found in case of supplier 3 is
disrupted from supplying raw materials to the production
system. Figure 10 shows that by comparing the total cost
arising from keeping safety stock amount within the

production facility using the regular external supplier 3 and
local backup supplier 2, the risk cost arising from keeping
inventory during this time using local supplier 2 is also less
than the risk cost using the same supplier.
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Figure 10. Comparison between the net profit and risk cost arising from supplier 3 disruption using the disrupted supplier and local backup supplier 2

7. Conclusion and Further Research

This paper presented a mathematical model for a
simultaneous cost-risk reduction in JIT systems. It was
developed to determine an optimal strategy for supplying
raw materials to the production systems by using regular
multi-external and local backup suppliers in case of the
occurrence of likely disruption such as natural and
man-made disasters, and economic crises. By implementing
the model in a simplified example, it is concluded that
comparing the use of a JIT system with the use of a specific
amount of inventory during a limited duration had a
significant impact on the production facility especially, by
using the local backup supplier during the disruption time.
This means that by using strictly JIT, the production system

will be stopped completely during supply disruption.
However, by keeping a sufficient inventory, the production
system can produce its final products but with a limited
profit. Thereby JIT principles can be effectively applied for
satisfying customer requirements at a minimum inventory
cost with a minimum level of risk.

Due to the stochastic character of supply chain
operations, it seems that the developed mathematical model
needs to be supplemented with a simulation model as a
validation tool to describe the dynamic nature of supply
chain management. Hence, the authors plan to consider this
point of view in future research where a simulation
modelling will be deployed to find the outputs of some
components of supply chain management system. This will
enhance the level of model accuracy for real application
systems.
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