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Backgrounds: Growth of franchise business in Korea

Despite the overall economic depression, franchise retail businesses have experienced steady growth
over the past few years in Korea.
Between 2013 and 2014, franchise businesses in Korea have grown 11% in terms of number of stores.

2013 2014
Number of stores Number of employees Number of stores Number of employees
Coffee shops 8,456 36,673 12,022 54,646
Bars 10,934 27,417 11,731 29,584
Convenient stores 25,039 94,735 26,280 98,863
Fried chickens 22,529 52,736 24,329 57,131
Fast foods 8,542 38,836 9,144 43,174
Others 19,471 55,340 21,662 64,471

Source: Korea Statistics




Challenges of satisfying delivery service needs for franchise retail businesses

Widely spread distribution of stores over large metropolitan areas

Increasing needs for small and frequent delivery services
- Due to limited storage space, most coffee shops cannot hold large inventories thus requiring

frequent deliveries in small quantities typically 3~4 times a week.

Delivery time requirements
- Example: Stores located in Seoul and Gyounggi province requires their deliveries to be made by

10:00am and 12:00pm respectively.

Efficient usage of delivery trucks

- Increase delivery truck usages and load factor while satisfying all the customer’s needs

Overcome traffic congestions during rush hours



Objectives

Problem statement

This study is based on the actual case of logistics service provider serving franchise stores including coffee
shops and family restaurants in the Seoul Metropolitan Area of Korea.

The case company currently operates only one distribution center in Yong-in City to cover the entire Seoul
Metropolitan Area, which caused problems like:

— Many stores were not able to receive their orders on-time

— There were problems of imbalances in delivery loads and driving times among delivery vehicles.
— Current delivery truck routes are not efficient.

The main objective of this research is to suggest a systematic framework of redesigning a distribution

network and vehicle routing plan in order to improve delivery services for franchise stores by using an
urban cross-dock center while considering road traffic conditions.



Expected outcomes

Locating urban cross-dock center

« The case company was not able to provide on-time delivery service to all 450 franchise stores
spread across the entire Seoul Metro Area with single distribution center
« With additional transfer facility located in high demand urban area, the case company is expected

to respond to customer order more quickly without having to hold extra inventory

Redesign of delivery routes

« Determine delivery service areas for each facility

 Improve vehicle usage and load factors by minimizing number of delivery vehicles
 Minimize overall traveling distances while observing promised delivery time for each store

« Accomplish multiple delivery trips for certain vehicles by implement inter-depot delivery routes
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Delivery demand distribution

v' Delivery demand distribution v Stores suffering from late deliveries
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Problems in current delivery service

» Late deliveries in areas either with high demand or long distance from DC
* Imbalance in load factor and driving time among delivery vehicles
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Research procedure

STEP 1 AS-IS Analysis l
Delivery Network
stee 2[R

STEP 3 Simulate vehicle routing I

Finalize delivery
stee + |

Analyze current demand distribution, truck dispatching plans, and
delivery routes

Determine the number (k) of delivery routes based on truck
capacities and delivery volumes

Cluster store demands into k number of routes based on proximity,
truck capacities, and demand volume using k-means algorithm

Determine the location of cross-dock center

Construct Daily Traffic Profile for the road network, and validate
with the actual truck dispatch records

Assign each route to facilities (DC and cross-dock center) based
on several scenarios

Determine delivery routes for each truck considering traffic
conditions by time-of-the-day (daily traffic profile)
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Adjust the number of delivery routes by truck sizes

« Obtained the peak-day delivery data from the case company (as of July 2016).

« The case company was operating total 28 vehicles delivering total volume of 88.09 CBM to 459 stores across SMA
resulting in average load factor of 80%.

* Currently 3.5 and 1.4 ton trucks are over utilized while 2.5 and 1 ton truck are under utilized.

« Even allowing extra 11% of current demand volume, it is concluded that the total number of trucks can be reduced

to 24 increasing the average load factor to 87%.

Vehicle Vehicle Before After
Siz€ capacity Numb Total capacity | Demand | Total capacity Demand
(ton) (CBM) Umber (CBM) (CBM) Umber (CBM) (CBM)
1 2.7 10 27 22.8 6 16.2 14.75
1.4 3 2 6 3.64 2 6 5.76
2.5 4.7 15 70.5 53.97 15 70.5 62.18
3.5 6 1 6 7.68 1 6 54
Total 28 109.5 88.09 24 98.7 88.09
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Cluster customer demands into the number of delivery routes

« K-means algorithm
Cluster 450 stores into 24 routes based on proximity using

CrimeStat software
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Determine cross-dock center location

v' Location-allocation analysis
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Initially Gimop, Noryangjin, and Namyangju were considered as candidate for
urban cross-dock center for the case company.

Noryangjin was selected to be the best in terms of minimizing the total
weighted distance from facilities to demand centers

Other practical conditions were considered
1) Large-size truck access should be granted
2) Consistent operation of the facility should be guaranteed for the near
future
— Noryangjin deed not meet these conditions

Reconsider between Gimpo and Namyangju

Gimpo was finalized as the cross-dock center location
1) Good logistics infrastructure (logistics complex developed)
2) Gimpo can improve delivery service quality to the western part of SMA
including Incheon
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Assigning routes to facilities

Description
(A : DC, B : Cross-dock center)

Scenario

Perform single cycle delivery

Scenario 1 from A and B independently

(Single cycle only)

Perform double cycle
delivery from A and B
independently

1
/16/
1 2
ﬁz
1
Scenario 3 g Perform initial delivery
1
1
2 2
1

Scenario 2
(Double cycle only)

(Inter-depot double cycle starting from A, move to B
delivery) and perform second delivery

Single or double cycle
delivery from either Aor B
+ Inter-depot delivery from
Ato B

Scenario 4
(Combine scenarios 1+2+3)
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Daily traffic profile by time

« Traffic profiles by time-of-the-day are constructed based on existing empirical researches(Kim and Lee, 2014) and
configured to be used with ArcGIS Network Analyst extension.

« Travel time = Free flow speed * Speed factor

« Dally traffic profiles are adjusted by validating with the actual truck dispatching records provided by the case company
(as of July 2015).

« Dalily traffic profiles enable us to obtain more realistic driving time reflecting the actual road traffic conditions by time-of-
the-day,

Traffic Profile 68
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Expected results

Scenario 1 : Single cycle delivery from
Yongin DC and Gimpo X-dock center
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- Number of vehicles : 24 - 100% On-time delivery - Low vehicle utilization
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Expected results

Scenario 3 : 18t Delivery from Yongin DC,
move to Gimpo and perform 2"d delivery
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Expected results

Scenario 4 : Scenario 1+2+3 l

m
okt
Mo
og
>
=
m
Mo
gt
>
o~
=
ot
=
1l
Ho
gt
>
=
N
ot
=

S AlZH

Number of trucks: 20

100% on-time delivery
accomplished

Load factor balanced.:
70~80%
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Example of inter-depot delivery route

« Start from Yongin DC at 1:00AM when there is little
traffic on the roads;

« Perform 15t round delivery in high demand
Gangnam area in the early morning;

» Finish 1%t round delivery by 5:00 AM;

 Move to Gimpo X-dock and reload at 6:30 AM;

« Perform 2" round delivery near Gimpo X-dock
such as Gangseo area in Seoul.

 Finish 2" round delivery by 10:00 AM

20



Conclusions

Number of Vehicle usage On-time
vehicles rate delivery rate

Scenario 1 24 Low 100%

Scenario 2 16 High 70%

Scenario 3 20 High 100%
« Both scenarios 1 and 3 can accomplish 100% on-time delivery rate. _

_ _ _ Adopt Scenario 3

* Load factors are higher in Scenarios 2 and 3.

Scenario 2 requires minimum number of vehicles, however late delivery can happen.

Implications ’

The needs for cross-dock centers in the high demand urban areas are increasing due to the needs of small-size
frequent delivery services from the fast growing franchise retail businesses.

Urban cross-dock centers can improve customer response time without holding extra inventory.

Stores need to be appropriately clustered and assigned to each route so that driving time (or distance) and delivery
loads are balanced for each vehicle.

Multiple cycle delivery or inter-depot routes can increase the delivery truck utilization. 21






