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ABSTRACT

This paper applied the principle of the Load Distance technique in order to find a lo-
cation of a new distribution center. A case study of a garment company in Thailand was
conducted. All company policies and constraints were organized and taken into account
when considering a location for the new distribution center. A mathematical model was for-
mulated and the location of the new distribution center was determined based on the cost and
related company constraints. Sensitivity analysis was then performed to study the robustness
of the proposed solution. Due to price and availability of land, the model was rerun to deter-
mine a new location for the new distribution center. Finally, the final suggestion for the top
management of the case study was made.

Keywords: Distribution center; Location selection problem; Multiple products; Mathemat-
ical model; Sensitivity analysis

1. Introduction the selection of facility locations have re-

Facility location selection is a prob- ceived much attention from the community.
lem regarding determination of suitable fa- One useful review in this field can be seen
cility sites in order to serve demand. The in Gergin RE and Peker I [1]. The authors
most appropriate location must be obtained investigate methods and success factors,
in order to better the efficiency of physi- which have been used to determine ware-
cal flows and optimize some key objective house locations by many researchers. In
functions. So far, methods to be used in general, these methods can be categorized
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into the following groups: multi-criteria de-
cision making, fuzzy logic, statistical analy-
sis, linear and mathematical programming,
heuristic and meta-heuristic methods, and
decision support systems. This paper pro-
poses a new method to determine a suitable
site of a new distribution center for a partic-
ular case study in Bangkok. The proposed
method is mainly based on mathematical
programming.

The proposed mathematical model
in this paper can be considered as an ex-
tended version of the model in Monthatip-
kul [2]. The author has formulated a non-
linear mathematical model to find a location
for a second warehouse for a paper distribu-
tor in Bangkok, Thailand. The main goal is
to decrease the total transportation cost in a
long run. After numerical runs with the ac-
tual data of the case study, the useful sug-
gestions for the top management are pro-
vided. The model of Monthatipkul [2] can
be used for determining a warehouse loca-
tion when supplying a single type of prod-
uct, and only product weight is considered.
This paper contributes a model which con-
siders multiple products and product vol-
ume.

The case study in this research is a fa-
mous brand in the garment business in Thai-
land. It receives multiple types of products
from many manufacturers and sells them to
end users. The founder is Thai and it has
been established since 1996. In 2013, its
sales were 2 billion Baht through domes-
tic sales and export. However, the sales
have reached 7 billion Baht in 2019. The
company has a very high growth. The top
management has projected that the com-
pany growth can reach approximately 30%
within the next five years. Presently, the
company sells more than 10,000 types of
garment products. They are divided into
three main categories, namely, Brand Boy
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(BB), Brand Young (BY), and Brand Kid
(BK) and E-Commerce. The head office
of the case study is located in the middle
of Bangkok, on Rama 9 Road. It also op-
erates one distribution center, which is on
the east side of Bangkok, at King Kaew
Road (close to Suvarnabhumi International
Airport). The distribution center has an
area of approximately 10,000 square me-
ters. Currently, the company has deployed
four key business strategies: excellent in-
ventory management, high order fulfillment
performance, productive operations, and
high transportation performance.

Daily, the company transports its
products to point of sales, mainly located at
department stores, shopping malls, plazas,
shops, etc., around the country (mainly in
Bangkok and its perimeter). It utilizes a
POS system, which transfers data to a SAP
system at the head office. Product pick-
ing and distributing are planned and oper-
ated by using a WMS system. However,
since the company has very high growth,
it has been facing some major difficulties,
for instance, storage errors, stock counting
errors, picking errors, etc. Lack of space
can be identified to be the main cause of
these problems. Thus, for the management
team, opening a new distribution center is
a main concern of the case study. This re-
search is therefore to provide a suggestion:
where should the new distribution center be
opened?

To simplify the analysis without loss
of generality, the following assumptions are
made.

The latitude and longitude system is
used for location identification. Note that
the numbers are modified due to confiden-
tiality issues.

This research uses displacement dis-
tances (Euclidean distances) rather than
actual distances because the determina-
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tion of actual distances between unknown
points is too cumbersome. The calcula-
tion of displacement distances utilizes the
Pythagorean theorem.

The Load Distance technique is used
as a core mechanism to estimate a location
of the new distribution center.

The weight numbers are obtained by
considering the shipment frequency, fore-
casted overall demand, product weight and
volume, transportation capacity, and fuel
consumption rates.

The forecasted overall demand is
projected by the marketing department. The
historical data, some marketing factors, and
company growth are used.

The old distribution center is still
running. Each demand point must be served
by only one of the two distribution centers
(the old or the new distribution center). It
cannot be assigned to both distribution cen-
ters simultaneously.

The remainder of this article is orga-
nized as follows. Section 2 presents a liter-
ature review. Section 3 formulates a mathe-
matical model for determining the location
for the new distribution center. A numerical
example is provided in Section 4. Section
5 shows an application of the model to the
case study. Section 6 concludes a summary.

2. Literature Review

This article belongs to the continu-
ous facility location problem, which is con-
cerned with determining suitable locations
of the firm’s facilities in the plain space in
order to serve customer demand effectively.
As stated in Monthatipkul [2], the continu-
ous facility location problem can be defined
as: Given n-dimensional points (vertices)
Py, P, ..., P, inR" and positive multipliers
(weights) w1, wo, ...,w, € R*, find a point
P that minimizes ., w,||P* - P ||denotes
the Euclidean norm of P* — P,,.
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The early studies in this area are the
Fermat Problem, the Weber Problem [3],
and Weiszfeld’s Algorithm [4]. The authors
studied classical location problems by de-
termining a suitable location of point which
could minimize the positive weighted dis-
placement distances among p given vertices
in the plain area. A more in-depth study
with a p > 3 version was further analyzed
by Kulin and Kuenne [5]. The authors pro-
posed an efficient algorithm to the gener-
alized Weber Problem in spatial economics
so as to minimize the transport cost. Based
on an empirical basis, the authors solved 15
problems involving 3 to 24 points. There
have also been many researchers in the field
who have developed solution methods and
contributed their work to the community [6-
8].

A study covering both positive
(wp > 0) and negative weights (w, < 0)
was presented by Tellier (as cited in [9])
and further investigated by Chen et al [10].
Korte and Vygen [11] claimed that the
Fermat-Weber Problem was a weighted
median problem if all concerned points
were collinear. It was a foundational
concept of the Center of Gravity method.
Modifying Weiszfeld’s algorithm to cover
a general cost objective function and some
specified conditions was investigated by
Vardi and Zhang [12], and Szegedy [13].
Some points were fixed to a particular
point and the remaining points were used
to find a new solution point. However,
Weiszfeld’s algorithm takes a long time
[14].

Recently, solution methods for vari-
ant facility location problems have been
studied by many researchers [15, 16].
Dhanashekar and Kumar [17] proposed a
model for selecting optimal warehouse lo-
cations based on uncertain customers and
uncertain demands. Their papers showed
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a simulation which could propose an opti-
mal number of warehouse locations. The
number of warehouses was not constant
depending on related uncertainties. Chau
TDL et al. [18] also determined an opti-
mal warehouse location in a multi-product
multi-period distribution network. The au-
thors used a mathematical model to ob-
tain an optimal location of a new exter-
nal warehouse, its capacity, and product-
facility-market allocation, so as to mini-
mize the total transportation and warehous-
ing costs. A real-world large-scale exam-
ple from industry was used as a case study
and finally a sensitivity analysis was con-
ducted based on three key parameters: de-
mand, transportation cost, and warehousing
cost. Monthatipkul [2] proposed a math-
ematical model to determine an appropri-
ate location for the second warehouse for
a case study in Thailand. The author con-
sidered the firm’s requirements and condi-
tions when searching for a new location.
Sensitivity analysis to customer demands
was made to show the robustness of the so-
lutions. Maharjan and Hanaoka [19] also
determined warehouse locations in a par-
ticular setting in Nepal. The authors used
a modified version of the maximal cover-
ing location problem which concerned ad-
ditional constraints reflecting the real situ-
ation in Nepal. They considered develop-
ment, disaster safety, and transportation ac-
cessibility in Nepal in order to propose the
number of locations of warehouses and their
coverage. Natalia et al. [20] determined
the optimal warehouse location by using the
Center of Gravity method for a case study in
Indonesia. The final location was selected
among some specified cities in the coun-
try. Lestari et al. [21] examined a fast-
food restaurant brand in Indonesia. There
were three stages in their study: compiling
data, cluster analysis, and network analysis.

227

Cluster analysis was used to consider the lo-
cation of the additional distribution center.

The current article is a variant ver-
sion of Monthatipkul [2]. It applies the
model proposed by Monthatipkul [2] to a
real case study in Thailand. The model
of Monthatipkul [2] concerns only a sin-
gle type of product. This paper focuses
on the multiple product scenario. In terms
of a contribution in the methodology, a
more realistic and accurate weight factor
and model are developed. A suitable loca-
tion of the new second warechouse was sug-
gested based on the firm’s policies and re-
strictions, and land prices.

3. Mathematical Model

The following notations are used to
present the model. The objective function

Indexes:

i retailer index (i = 1, 2,3, ..., 1)

J distribution center index (j = 1, ..., J)

k product index (k = 1,2, 3, ...,K)

Given data:

A; x-coordinate (longitude) of retailer i

B; y-coordinate (latitude) of retailer

Xj=1 x-coordinate (longitude) of
distribution center 1 (current
distribution center)

yj=2 y-coordinate (latitude) of distribution
center 1 (current distribution center)

DD;; displacement distance from
distribution center j to retailer i
(kilometer)

FCF;j  fuel consumption factor from
distribution center j to retailer i (baht /
kilometer - ton)

FCB;j  fuel consumption factor back from
retailer i to distribution center j (baht /
kilometer)

NT;; estimated number of trips from
distribution center j to retailer i (trip / year)

FDjp forecasted demand of product £ at
retailer i (pieces / year)

Vi Volume of product k (cubic meter)

TC;j transportation capacity from

distribution center j to retailer i (cubic
meter / trip)
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Wy Weight of product k (kilogram)

WF;;  Weight factor associated with
distribution center j and retailer i

Main decision variables:

sejj a binary number, if distribution center
J is selected for retailer i, otherwise
se;j=0

Xj=2  x-coordinate (longitude) of the new
distribution center

yj=2  y-coordinate (latitude) of the
distribution center

is expressed as follows:

minimize 7 = Z Z Seij{(DD,‘jFCFijNTij
j i
WFI']') + (DDijFCBijNTij)}

3.1)
subject to
1
DD;; = {(xj-A)*+(yj - B)?}183.2)
FDiV,
NT;j = M for all i, j,(3.3)
ij
FDiW,
WF;; = ZkFDuWi) oo j(3.4)
1000NT;;
Zsel-j = 1 foralli, (3.5)
7
xj=2, yj=220, (3.6)
se;;j is binary foralli, . 3.7

The model is for determining the loca-
tion of the new warehouse (x;-2,y;=2) so
as to minimize the sum of weighted dis-
placement distances (DD;;) from two dis-
tribution centers to all retailers restricted by
the allocation policy. Eq. (3.1) represents
the objective function. The displacement
distance DD;; is weighted by the terms
(FCF;j NT;; WF;;) + (FCB;; NT;j). The
first term is the product of fuel consumption
rate, estimated number of trips, and aver-
age weight per trip. The second term is the
function of fuel consumption rate and esti-
mated number of trips. The difference be-
tween these two terms is the unit of measure
of FCF;; and FCB;j. The factor FCFj;
concern the weight of the products (kilo-
grams) when transporting them, while the

factor FCB;; excludes the weight of prod-
ucts because it represents backhaul. The
displacement distance DD;; is calculated
by Eq. (3.2). It is based on the Pythagorean
theorem. This research uses the displace-
ment distance (Euclidean distance) rather
than the actual distance, because finding the
actual distance from an unknown location
of the new distribution center is too cumber-
some. Eq. (3.3) shows that the factor NT;;
is obtained by the total volume of forecasted
product demand divided by the transporta-
tion capacity per trip. It is a figure repre-
senting frequency of transport. The weight
factor WF;; can be determined by Eq. (3.4).
It represents the average number of weights
per trip. Eq. (3.5) enforces that each re-
tailer must be assigned to only one distribu-
tion center. Finally, Eq. (3.6) and Eq. (3.7)
are the non-negativity and the binary condi-
tions, respectively.

4. Numerical Example

This section contains a numerical ex-
ample to illustrate the application of the
mathematical model and a solution ap-
proach. Suppose that an old distribution
center supplying ten products to twenty re-
tailers is located at the coordinate of (6,
10). Locations of all retailers are within the
range 0-10 (see Fig. 1). Demand of each
product is uniformly generated within the
range of 10,000-50,000 pieces. Other nec-
essary data are given in Tables 1-3. The
model is solved by using the GRG option
embedded in the Microsoft Excel Solver.
The initial solutions are randomly assigned
within the range 0-10 in order to determine
different local optimal solutions. For each
run, after a local optimal solution is found,
the solver is repeatedly run until the result
in no longer improved. The best optimal
solution is then selected to be the final lo-
cation of the new distribution center. Table
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4 and Fig. 1 show the results. As shown

Table 1. Given data used in the numerical ex-
ample.

i A; B k Vi Wi
1 4 2 1 0.06 0.4
2 10 5 2 0.04 0.8
3 1 5 3 0.06 0.6
4 6 9 4 0.03 0.8
5 5 7 5 0.01 04
6 9 4 6 0.02 1

7 2 1 7 0.1 1

8 7 10 8 0.08 0.8
9 4 4 9 0.09 0.8
10 3 9 10 0.1 0.3
11 10 5

12 10 10

13 2 6

14 4 5

15 9 2

16 2 1

17 4 6

18 8 3

19 10 6

20 3 4

in Table 4, the new distribution center is lo-
cated at the coordinate of (4.28, 4.20). The
objective function value is 358,172. All bi-
nary variables se;; are shown on the right-
hand side. It confirms that each retailer is
assigned to only one distribution center de-
pending on its related weighted displace-
ment distance. Fig. 1 shows the graphi-
cal solution. It is noted that there are only
four retailers supplied by the old distribu-
tion center. All of them are located in the
upper part of the boundary. The remaining
retailers at the lower part of the boundary
are allocated to the new distribution center.

5. Application to the Case Study
5.1 Numerical experiments

The proposed mathematical model
was applied to the garment case study. Nu-
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Table 2. (cont.) Given data used in the numeri-
cal example.

FCF; FCB;;

i j=1 j=2 i j=1 j=2
1 0.8 0.7 1 1.3 1.1
2 0.4 0.5 2 1.3 1.2
3 0.3 0.9 3 1.1 1.3
4 0.3 0.3 4 1 1.3
5 1 0.3 5 1.5 1.5
6 0.9 0.1 6 1.4 1.5
7 0.8 0.3 7 1.5 1
8 0.1 0.3 8 1.1 1.3
9 1 0.6 9 1.1 1.1
10 0.2 0.2 10 1.2 1.3
11 0.2 0.7 11 1.5 1.3
12 04 0.1 12 1 1.2
13 08 0.2 13 1.3 1.4
14 0.6 0.9 14 1.1 1
15 0.1 0.3 15 1 1.3
16 0.6 0.5 16 1.2 1.4
17 09 0.8 17 1.4 1.2
18 0.2 0.2 18 1.5 1.5
19 0.8 0.5 19 1.1 1.2
20 0.9 02 20 14 1.2

10 e X —X

9 X X

8

7 X

6 X X X

5]x X XX 0ldDC

4 X | X X New DC

3 X X X Retailer

2 X

1 XX x-axis

12 3 45 6 7 8 9 10

Fig. 1. Graphical solution of the example.

merical experiments, which were based on
the actual data (with some modifications)
of the case study, were conducted using the
Premium Solver (www.solver.com). The
company supplies 66 retailers located in
Bangkok and perimeter. The current dis-
tribution center was at Kingkaew Road,
Samut Prakan province. The case study uti-
lized two types of trucks: four-wheel trucks
and six-wheel trucks. Table 5 provided all
important data of the case study. The exper-
iments were collectively run for 10 years.
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Table 3. (cont.) Given data used in the numeri-
cal example.

Retailer TC;;

~.
—
~.
Il
[\
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DO 0PSRN OO S5 PTS 0NANTN

Table 6 concludes the results. The
new distribution center was proposed to be
located in the middle of Bangkok at Phay-
athai district (N13.750817, E100.531115).
It was approximately 24 kilometers from
the old distribution center, which was lo-
cated near to the Suvarnabhumi Interna-
tional airport (see Fig. 2). From Table 6,
there were two groups of retailers. Fifty-
eight of them were assigned to the new dis-
tribution center, only eight retailers were as-
signed to the old distribution center. Fig.
3 illustrated allocation of retailers between
the two distribution centers. It is noted that
a majority of retailers, which were located
on the west side, are served by the new dis-
tribution center. The old distribution center,
which is located in the east side, serves only
eight retailers.
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Table 4. Solution of the numerical example.

Distribution Center (DC)

X Y
Old DC 6 10
New DC 4.28 4.2
Objective Function Value
358,172

Retailer Location sejj
i Ai Bi j =1 ] =2
1 4 2 0 1
2 10 5 0 1
3 1 5 0 1
4 6 9 1 0
5 5 7 0 1
6 9 4 0 1
7 2 1 0 1
8 7 10 1 0
9 4 4 0 1
10 3 9 1 0
11 10 5 0 1
12 10 10 1 0
13 2 6 0 1
14 4 5 0 1
15 9 2 0 1
16 2 1 0 1
17 4 6 0 1
18 8 3 0 1
19 10 6 0 1
20 3 4 0 1

Table 5. Given data of the case study used in
the numerical experiments.

Data Values

I 66

J 2

K 10,000

Xj=1 13.694803

Vj=2 100.724266

FD;, 1,000 - 150,000

Vi 0.01-0.10

TCy; 5-30

Wi 0.30-1.00

A; 99.550000 - 101.050000
B; 12.390000 - 16.850000
FCF;; Between 0.8 and 2.0
FCB;; Between 2.0 and 4.2
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Fig. 2. Locations of the old and new distribution centers.
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Fig. 3. Allocation outline of retailers between two distribution centers.

Table 6. Solutions for the case study from the
10-year experiments.

List Values
Objective function 37,690.76
value

Longitude of the new DC, N 13.750817
X2

Latitude of the new DC, E100.531115
Y2

Number of retailers 8
assigned to old DC

Number of retailers 58

assigned to new DC
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5.2 Sensitivity analysis of retailer de-
mand

Since the amount of forecasted de-
mand at each retailer affected the location
of the new distribution center, sensitivity
analysis of retailer demand was performed
to study the robustness of the obtained so-
lution. The case study divided the prod-
ucts into three main groups: Growth Prod-
uct (GP), Stable Product (SP), and Declin-
ing Product (DP). This research focused on
sensitivity analysis due to increasing the de-
mand in the GP group. Supposing that de-
mand of all products in the GP group was
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increased by 25%, 50%, 75%, and 100%,
the proposed model was rerun to obtain the
solutions. The experiments were repeated
for 30 replications. Fig. 4 shows the results.
The circle in Fig. 4 represents a boundary
of the location, when demand of products
was increased. Its radius was only 500 me-
ters from the location of the new distribu-
tion center.

RATCHATHEWI
L@ AN

[‘;]\
Thompson Pratunam Mari
i @ o
| .. Q
3 naunin
r . 2

The Royal Bangkok
Sports Club

nimalugs

! 0

Fig. 4. Boundary of location movement under
sensitivity analysis of retailer demand.

Holv Redeemer Churc

5.3 Location analysis due to specified
boundaries

Since the proposed location of the
new distribution center was in the middle of
the city, the availability of land and prices
must be the main concern. Due to these
concerns, the top management had offered
some areas, which could be the boundaries
of the new search. Fig. 5 showed the
boundaries of the new search. From Fig. 5,
the new search must not be within the mid-
dle of the city represented by the square.
The location of the new distribution cen-
ter could be in the north, east, west, or
south direction. Fig. 6 shows the result.
The location of the new distribution center
moved to Taling Chan district (N13.77703,
E100.428585) on the west side of Bangkok.

To sum up, for the management
team, we recommended a solution for this
particular setting as follows. The loca-
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Fig. 5. Boundaries of the new search due to land
prices and availabilities.

Feasible Solution
EGH  Areain the
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Fig. 6. Location of the new distribution center
after considering the restricted area.

tion of the new distribution center with-
out considering land prices and availability
should be in Payathai district (N13.750817,
E100.531115). The management team
should explore the area to see if there is land
available or not, and if the company could
afford the land or not. If so, a more-in-depth
feasibility study should be performed. Nev-
ertheless, in the case of high prices or un-
availability of land, the case study should
consider a location in the Taling Chan dis-
trict on the west side of Bangkok. This rec-
ommendation can be useful in the selection
of'the location of the new distribution center
in the future.

6. Conclusion

This article analyzed a specific prob-
lem of a garment distributor in Bangkok,
Thailand. A variant version of the math-
ematical model developed by Monthatip-
kul [2] was formulated. The original ver-
sion was concerned with only a single type
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of product, while this paper focused on the
multiple product case, which could result in
more complicated weight factors, when cal-
culating a location of a new facility. The
proposed model was then used to suggest
a location of the new distribution center.
From the numerical experiments based on
actual data of the case study, it was found
that the location of the new distribution cen-
ter should be in Phayathai district (in the
middle of Bangkok). It was also noted
that if a new distribution center was set
up in Phayathai district, it would supply a
majority of retailers (fifty-eight retailers),
while only a few retailers (eight retailers)
would be served by the old distribution cen-
ter, which is located on the east side of
Bangkok. This result implied that the old
distribution center is located at an unsuit-
able site. However, when land prices and
availability in the middle of Bangkok were
an obstacle, direction of the movement of
the new location went to the west side (Tal-
ing Chan district).

In general, this article provides guid-
ance for suggesting a location for a new fa-
cility in a multiple-product case. It provides
a more accurate location since the more ac-
curate weight factor is taken into account. It
considers the combined effect among prod-
uct demands, product weights, product vol-
umes, fuel consumption rates and capaci-
ties of transportation mode. It can be noted
that the proposed model contributes a more
accurate loading factor for the Load Dis-
tance technique, which has been widely
used in the field of continuous facility loca-
tion problems. Moreover, the main research
implication is an ability of the model to
prove whether the current distribution cen-
ter site is located properly or not (as shown
in Fig.3). If the top management has de-
cided to open one more new distribution
center, the model can suggest a suitable lo-
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cation. The interesting parties can utilize
the proposed model for this particular pur-
pose for their own cases.

Despite some advantages, the study
has some disadvantages or limitations: lim-
itation of actual-distance determination,
forecasted demand and customer sites from
historical data only, opening of only one
new distribution center other than multiple
new distribution centers.

The work in the future of the case
study should focus on a feasibility study of
opening a new distribution center in the new
place. A survey of the actual place should
be conducted as well. In terms of further
study in the methodology, a mathematical
model for multiple new distribution cen-
ters should be developed. If multiple sites
of distribution centers are allowed, the re-
search question must extend to ’Should new
distribution centers be opened?”, and the
objective function must also include some
other significant costs, for example, facility
setting-up cost, warehousing costs, etc.
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