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Opening Speech

The honourable of keynote speakers, invited speakers, participants,
colleagues.

Ladies and gentlemen,

Dr.techn. Sholihin As'ad
Dean of Faculty of Engineering,
Universitas Sebelas maret

As the Dean of Faculty of Engineering, Universitas Sebelas Maret
(UNS), I would like to extend my warm welcome to you all in this
7" International Conference on Industrial, Mechanical, Electrical
and Chemical Engineering (the 7" ICIMECE) 2021. Thank you for joining.

Due to the global pandemic of COVID 19, we have to conduct this conference through virtual
mode. However, this will not degrade our objective for making the 7" ICIMECE 2021 as the forum
to share and to discuss the ideas and research on engineering, science and technology.

This conference was formerly known as IMECE, which was held in November 2015 and
transformed to ICIMECE a year later. It is the annual conference which was usually held in
Surakarta, Indonesia.

The theme of 7" ICIMECE is “Sustainable technology innovation and commercialization for
pandemic recovery*“. The reason of selecting this theme is Indonesia and the global world have
been facing pandemic covid-19 for more than a year with uncertain situation. This made a
tremendous impact on quality of life for individuals and community. It takes a lot of efforts to
restore it to the previous normal situation. A continuous innovation on technology and
commercialization are needed in responding the needs of individuals, society and industries
towards the new normal phase.

The committee accepted 101 papers after reviewing 116 papers from various countries including,
Canada, China, Estonia, Germany, Japan, Malaysia, Saudi Arabia, South Korea, Thailand, United
Kingdom, Vietnam, and Indonesia. All accepted papers will be presented virtually through
ICIMECE 2021’s website channel and published in reputable proceeding series, AIP Proceeding.
Selected papers will be recommended to publish in reputable journals: Evergreen, Jurnal
Teknologi, ASEAN Journal of Chemical Engineering and Malaysia Journal of Fundamental And
Applied Science.

As the high numbers of papers presented from various contributors, | hope this triggers the
collaboration among the researches who participated in this event. International engagement and
cooperation are very important in solving the global problem that we are facing. This is in line
with vision this conference.

Last but not least, | especially thank all of the keynote speakers, invited speakers, participants,
sponsors and partners for their contribution and all committees for their great effort to organize
this conference.

With Bismillahirranmanirrahim, | declare that the 7" ICIMECE 2021 is officially opened.
I wish you a successful and enlightening conference.
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On behalf of the Conference Organising Committee, we invite you to attend the 7th
International E-Conference on Industrial, Mechanical, Electrical and Chemical Engineering
(ICIMECE 2021), which will be held virtually via Video Conference (for keynote speakers and
invited speakers) and by the recorded presentation for presenters via youtube channel. This
conference is organized by Engineering Faculty, Universitas Sebelas Maret (UNS).

This conference was formerly known as IMECE which was first held in November 2015.
Papers in the former conference have successfully been published in the conference proceedings
and also reputable journals for selected papers, which Scopus index. This event will include the
participation of renowned keynote speakers, invited speakers, oral presentations, and technical
conferences related to the topics dealt with within the Program. The conference theme is
“Sustainable Technology innovation and commercialization for pandemic recovery “. The
conference will address the practical engineering application (mechanicals, electricals, energy and
power engineering, industrial engineering, and chemical engineering). This year, ICIMECE also
arranged a Il special symposium in the field of material and structural integrity. For more details,
kindly visit “Symposium” tab in the main menu.

The aims of this conference are to

e Provides opportunities for the delegates to exchange new ideas face-to-face to bring together
leading academic scientists, researchers, and research scholars to exchange and share their
experiences and research results on all aspects of engineering, science, and technology

e lead to significant contributions to the knowledge in these up-to-date scientific fields.

Venue

The conference will be held online via Video Conference (for keynote and invited speakers) and
by the recorded presentation for presenters.
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The number of received and accepted papers
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% Rejection rate = 12.9%

The papers are classified into 5 categories: Industrial Engineering, Mechanical Engineering,
Electrical Engineering, Chemical Engineering, and Il Special Symposium in Structural Integrity

Papers distribution based on the category
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In terms of publication, ICIMECE 2021 partnerised with AIP proceedings and four journals
(ASEAN Journal of Chemical Engineering, Jurnal Teknologi, Malaysia Journal Of Fundamental
and Applied Science, and Evergreen) for selected papers.

Distribution of Papers Publication

W ASEAN Journal of Chemical
Engineering

® Jurnal Teknologi
® Malaysia Journal Of Fundamental
and Applied Science

" Evergreen

M AIP Proceeding

*Total 101 papers
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Online Presentation

Due to COVID 19 pandemic, the oral presentation is conducted through recorded presentation (on
video format) which is then uploaded on ICIMECE 2021’s Youtube Channel. The discussion
related to the presentation can be done on Youtube’s comments or via email (the corresponding
email is provided on the description).

The video links based on the categories are provided as follows:

1. Industrial Engineering: https://bit.ly/3zE3Q6Q

N

. Mechanical Engineering: https://bit.ly/3m481x6

3. Electrical Engineering: https://bit.ly/390QIKY's

4. Chemical Engineering: https://bit.ly/3ifxaKY

(621

. Il Special Symposium: https://bit.ly/3kT1ugh
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PROGRAM RUNDOWN
ICIMECE 2021 Schedule Program (Tuesday, October 5™, 2021)

Time (GMT+7) Program/schedule Room/Link
07.15 - 07.40 Online registration Main Room
07.45 - 07.50 Opening Ceremony: Dean Speech e T
07.50 - 07.59 Sing the National Anthem of Indonesia http://bit.ly/icimece2021room1

Keynote Session #1
08.00 - 08.30 Speaker I: Md Golam Kibria, Calgary,Canada
(07.00-07.30 PM or GMT-6, October 4", 2021 )
08.30 - 08.55 Discussion |
09.00 - 09.30 Speaker II: Dr. Koji Enoki, Japan
(10.00-10.30 AM or GMT+8)
09.30 - 09.55 Discussion Il Main Room
10.00 - 10.30 Speaker I11: Prof Madya Ir. Dr. Syed Shatir Asghrar S.H, Malaysia http://bit.ly/icimece2021room1
(11.00-11.30 AM or GMT+8)
10.30 - 10.55 Discussion |11
11.00 - 11.30 Speaker 1V: Assoc. Prof. Dr. Somyot Kaitwanidvilai, Thailand
(11.00-11.30 AM or GMT+7)
11.30- 11.55 Discussion IV
12.00 - 12.25 Prof. Anton Satria Prabuwono, Ph.D
(08.00-08.25 AM, GMT+3)
Main Room
http://bit.ly/icimece2021room1
12.25-12.45 Discussion
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Keynote Session #2

13.00 - 13.30 Speaker V: Prof. Dr-Ing. Hendro Wicaksono, Germany Main Room
(8.00-8.30 AM or GMT+2) http://bit.ly/icimece2021room1
13.30 - 13.55 DISCUSSION V E—
Plenary Session#2
Plenary I in Plenary Il in Plenary 111
. Main room Room #2 Room #3
Time
http://bit.ly/icimece2021room1 http://bit.ly/icimece2021room?2 http://bit.ly/icimece2021room3
14.00 - 14.25 Dr. Nonni Soraya Sambudi Muhammad Hilmy Alfaruqi, Ph.D
(15.00-15.25, GMT+38) (16.00-16.25, GMT+9)
14.25 - 14.45 Discussion Discussion
14.45 - 15.10 Prof. Madya Dr. Syed Ahmad Assoc.Prof. Abdulhakim Almajid, Assoc. Prof. Anita Pettersson,
Helmi bin Syed Hassan PhD Ph.D
(15.45-16.10, GMT+8) (10.45-11.10, GMT+3) (09.45-09.10, GMT+2)
15.10 - 15.35 Discussion Discussion Discussion
15.35 - 15.50 Award announcement
15.50 - 16.00 CLOSING
Notes:

-. Keynote and invited speeches will be conducted via video conference (see the zoom link for each speaker).
-. Use the following format for your identity during the conference

Keynote and invited speakers
Presenters or other authors

Participants

: KIS_full name

: P_full name

: Article code_full name

-. The zoom background can be downloaded via https://bit.ly/2ZT66uP
-. During break time (12.00-13.00 or 13-14.00), each presenter checks their video channel (youtube) and answers the question (if any in

the comments column)

Xi
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PAPER ID: IE050

Warehouse Design under Class-Based Storage Policy
Based on Entry-ltem-Quantity Analysis: A Case Study

Sekarsari Utami Wijaya®, Rahayu Johanna® , Muhammad Faisal lbrahim®
1Department of Logistics Engineering, Universitas Internasional Semen Indonesia, Gresik, Indonesia

1Corresponding author: sekarsari.wijaya@uisi.ac.id

Abstract. In an effort to minimize the impact of unpredictable demand, the company will make
an inventory policy. The warehouse as a place for storing goods before being distributed to
consumers has an essential role in ensuring supply sustainability in the supply chain system. Many
problems occur in the warehouse which causes a decrease in warehouse performance which has
an impact on the company's operations. One of the things that play an essential role in increasing
the efficiency of warehouse operations is the warehouse layout design. Class-based storage
policies are used to regulate the procedures for storing goods into 3 classifications. Classification
is obtained based on Pareto's law by considering the level of storage and retrieval activity. Entry-
Item-Quantity (EIQ) analysis is an analysis that involves three main factors of logistics
distribution, namely, E (Order Entry), I (Item), and Q (Quantity) which is applied to further
analyze frequently ordered products, so that it can support the layout warehouse. UD. XYZ is a
distributor that sells many kinds of materials for roofs. This study considers determining the
number of racks needed by Entry Item Quantity-Class Based Storage analysis. Furthermore, this
study will compare the warehouse layout based on IK, 1Q, EN, and EQ. It aims to obtain the best
improvement in the warehouse layout that has the smallest expected distance. Based on the
analysis that has been done, the warehouse shall provide 14 type 1 racks and 16 type 2 racks. The
smallest expected distance, the best warehouse layout design. EQ analysis results in the best
warehouse layout design.

Keywords: Class-Based Storage analysis, EIQ analysis, EQ analysis, warehouse.

Link : https://youtu.be/WAsSCfVKPedY
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Warehouse Design under Class-Based Storage Policy Based
on Entry-lItem-Quantity Analysis: A Case Study

Sekarsari Utami Wijaya?, Rahayu Johanna® , Muhammad Faisal Ibrahim®

!Department of Logistics Engineering, Universitas Internasional Semen Indonesia, Gresik, Indonesia

Corresponding author: sekarsari.wijaya@uisi.ac.id

Abstract. In an effort to minimize the impact of unpredictable demand, the company will make an inventory
policy. The warehouse as a place for storing goods before being distributed to consumers has an essential role in
ensuring supply sustainability in the supply chain system. Many problems occur in the warehouse which causes a
decrease in warehouse performance which has an impact on the company's operations. One of the things that play
an essential role in increasing the efficiency of warehouse operations is the warehouse layout design. Class-based
storage policies are used to regulate the procedures for storing goods into 3 classifications. Classification is
obtained based on Pareto's law by considering the level of storage and retrieval activity. Entry-Item-Quantity (EIQ)
analysis is an analysis that involves three main factors of logistics distribution, namely, E (Order Entry), | (Item),
and Q (Quantity) which is applied to further analyze frequently ordered products, so that it can support the layout
warehouse. UD. XYZ is a distributor that sells many kinds of materials for roofs. This study considers determining
the number of racks needed by Entry Item Quantity-Class Based Storage analysis. Furthermore, this study will
compare the warehouse layout based on IK, 1Q, EN, and EQ. It aims to obtain the best improvement in the
warehouse layout that has the smallest expected distance. Based on the analysis that has been done, the warehouse
shall provide 14 type 1 racks and 13 type 2 racks. The smallest expected distance, the best warehouse layout design.
1Q analysis results in the best warehouse layout design.

Keywords: Class-Based Storage analysis, EIQ analysis, EQ analysis, warehouse.

INTRODUCTION

In practice, every trade tends to have a whole uncertainty about demand. It has encouraged the traders to make
policies about the inventory system. Its aims to anticipated unpredictable demand. The policy about inventory systems
prompts traders to provide a facility that will be used for a warehouse for storing goods. A warehouse is a facility used
as a temporary storage place for goods before being distributed to end consumers. These goods can be raw materials,
work in process, and or finished goods. Warehouses play an important role in maintaining the suitability of supply to
demand in the supply chain system [1]. Some of the problems that often occur in warehouses include difficulty in
moving goods, accumulation of goods, long searching for goods, and lack of capacity. Moving goods that spend a lot
of time causing high costs in material handling. Delays occur due to the length of time it takes to search for items. In
addition, the pile of goods that are too high makes it difficult to withdraw goods. Warehouse layout is one of the things
that affect the efficiency and effectiveness of the warehouse. The appropriate warehouse layout design will play a role
in increasing operating efficiency [2].

Class-based storage policies are usually used to regulate goods storage procedures that divide goods into three
classes, namely classes A, B, and C [3]. Its classifications are based on the law of Pareto by considering storage and
retrieval (S/R) activity rate. This method produces a layout design for the storage area of all kinds of goods based on
their class. Racks are designed to increase storage capacity, the displacement of workers, and retrieval system goods.
It is also designed to minimize the distance traveled workers as possible.
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Entry-Item-Quantity (E1Q) analysis is applied to further analyze frequently ordered products, so that it can support
the distribution center layout. According to [4], EIQ is an analysis involving three main logistics distribution factors
namely, E (Order Entry), | (Item), and Q (Quantity). This analysis proposes the improvement of warehouse layout
design based on IK (items by order number) is the order frequency of product items purchased by the seller. 1Q (Item
Quantity) is the number of each kind of goods ordered and purchased by the seller. EN (Entry Quantity) is the number
of items purchased by the customer. EQ (Entry Quantity) is the order quantity of customer [5]. EIQ can determine the
amount of the rack used in the improved layout of the warehouse by Class-Based Storage.

Previous research about Class-Based Storage with Entry Item Quantity Analysis was conducted by [6]. The
differences between previous research and this research is the design of racks. On previous research, a type 1 rack was
designed consisting of 2 the level. First level was to utilize pallet wheeled furnished with a brace or lock the wheels
and second level used steel as material for making store shelves. Whereas, this experimental design a rack type 1
designed consisting of 2 levels. All of levels use steel materials for making store shelves. Another research that used
Class-Based Storage with Entry Item Quantity Analysis is[4]. This difference between two research studies is
characteristic goods. According to research by [4], characteristic goods were cigarettes that are distributed to local
distributors. Whereas, characteristic goods of this paper is materials for roofs. So, the novelty of this article is about
the design of rancks and characteristics of goods.

UD. XZY is a distributor that sells many kinds of materials for roofs. The materials are consist of roofs, tin roof,
asbestos roof, roof ridge cap, galvalume roof, and spandex roof. Several problems that were already described had
also occurred in this distributor. This study considers determining the number of racks needed by Entry-ltem Quantity-
Class Based Storage analysis. Furthermore, this study will compare the warehouse layout based on IK, 1Q, EN, and
EQ. It aims to obtain the best improvement in the warehouse layout that has the smallest expected distance for UD.
XYZ.

METHODS

In general, there are five steps to determine the number of racks and the best layout of the warehouse. First, classify
goods using the Class-Based Storage method based on IK, 1Q, EN, and EQ. The threshold for determining the ABC
split is close to 20%, 30%, and 50% of the cumulative percentage of goods ordered. Calculation of the Class-Based
Storage as follows: sort the data IK/IQ/EN/EQ from largest to smallest, calculate the cumulative frequency of data
IK/IQ/EN/EQ, calculate the percentage of cumulative frequency, and classify the type of goods into A, B, or C class
based on threshold determined before. Second, design shelving storage racks. Design storage racks are depended on
the heavy and dimensions of goods, the high and wide of the level. Third, calculate the number of racks as storage.
Racks are used to store the equipment in the warehouse. This study uses two types of racks, namely, type 1 racks and
type 2 racks.

Figure 1 shown the type 1 racks; the rack is used to store roof and roof ridge cap. Type 2 racks are used to store
tin roof, asbestos roof, galvalume roof, and spandex roof, shown in Figure 2. To determine how many racks are needed,
it can be obtained by calculating the average of recorded stock of goods each day. Then, divide the average of the
recorded stock each day by rack capacity.

FIGURE 1. Type 1 Racks FIGURE 2. Type 2 Racks

Fourth, design warehouse layout by racking systems. Design layout warehouse is adapted to reflect the shelf space
defined in the previous step. Last, calculate the expected distance. According to [7], expected distance is the distance
that is expected from storage to entry points and freight out of goods. The expected distance for the entire picking path



can be calculated by first finding the probability of entering a node and multiplying it by the probability of each arc
going out of the node and the distance along the arc [7]. Distance calculation uses Euclidean Distance. The formula is
as follow:

dyj = \/(Xi -x) +@i—y)’ (€
where

x; = x coordinate of the i-th center of facility

x; = x coordinate of the j-th center of facility

y; =y coordinate of the i-th center of facility

y; =y coordinate of the j-th center of facility

d;; = distance between the i-th and j-th center of facility

The best warehouse layout design between IK, 1Q, EN, and EQ has a minimum expected distance value.

RESULTS AND DISCUSSION

The total size of UD. XYZ warehouse about 260 m?. Its length is about 20 m? and its width about 13 m?. Only 110
m? of total warehouse size is used to store the materials. The existing warehouse layout design shown in Figure 3 does
not consider the distance between the aisle in every location of materials.
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FIGURE 3. The Existing Warehouse Layout UD. XYZ

The IK, 1Q, EN, EQ, and stock of materials data are collected. Data is collected for six months (November 2020
until April 2021). The four alternative EIQ (1K, 1Q, EN, EQ) data is used to classify the Class-Based Storage method.
Table 1 shows the result of EIQ data processing approached Class-Based Storage method. The number of materials
ordered in class A is the smallest because the proportion of class A about 1% - 20% of accumulated percentage. The
highest number of material ordered is in class C because the proportion of class C about the smallest 50% - 100% of
accumulated percentage. Class A materials shall be stored in racks near from access door, class B materials shall be
stored in racks between class A and class C, and class C materials shall be stored in the common racks due to weak
flexibility. This result is suitable as study conducted by [5], the storage position for goods provided for small retailers
shall be arraged in accordance with the result of the ABC classification. Class A products (1% - 20% of accumulated
item percentage) shall be stored in the automatic stereoscopic shelves owing to high values and strong flexibility, class
C products (20% - 50% of accumulated item percentage) shall be stored in the common shelves due to weak flexibility,



and class B products (50% - 100% of accumulated item percentage) shall be jointly stored in the automatic

stereoscopic shelves with class A product.

TABLE 1. The Result of Classification EIQ Calculated by Class Based Stroge Method

Classi- IK 1Q EN EQ

fication | o antity | Category | Quantity | Category | Quantity | Category | Quantity | Category

A-class 109 7 244,500 95 7 102.057 6
B-class 166 12 417.600 142 12 158.573 12
C-class 288 30 645.871 228 30 272.241 31
Total 554 48 1.307.971 465 49 532.871 49

The materials in the warehouse will be stored in racks based on the Class-Based Storage method. The stock of
materials is used to determine the number of racks. According to the IK and EN calculation, the warehouse shall
provide 14 type 1 racks and 16 type 2 racks. The area is needed about 49,88 m2. Meanwhile according to the IQ and
EQ calculation, the warehouse shall provide 14 type 1 racks and 13 type 2 racks. The area is needed about 45,46 m?.
—the total area of UD. XYZ about 260 m? (TABLE 2). The area owned UD. XYZ can provide the area required.

TABLE 2. The Number of Racks and Spaces Needed

Type The The Height Capacit The The STZEe
of Materials Number between (Snit) y Number | Dimensions Nepeded
Rack of Levels | Levels (m) of Racks (m?) (m?)
IK and EN Analysis

Type | Roof and roof 2 1 450 14 1x1=1 14
1 ridge cap

Tin roof,
Tvoe ashestos roof, 29 %1 1=

yp galvalume roof, 3 0,5 100 16 ' ' 38,72

2 2,42

and spandex

roof

Total 30 49,88
1Q and EQ Analysis

Type | Roof and roof 2 1 450 14 1x1=1 14
1 ridge cap

Tin roof,
Tvpe asbestos roof,
2yp galvalume roof, 3 0,5 100 13 2,2x1,1=2,42 31,46

and spandex

roof

Total 30 45,46

According to EIQ analysis, four warehouse layout designs are proposed based on 1K, 1Q, EN, and 1Q. The racks
are laid under the quantities required. The materials are also stored in accordance with the result of EIQ-Class-Based
Storage analysis (FIGURE 4).

The in and out materials data are used for performing calculations on the probability expected distance. Expected
distances are calculated by multiplicating the probability of the materials movement from rack to access door and the
total distance of the materials movement from rack to access door. Expected distance conducted adapted to the layout
of already made from the analysis entry items quantity. So, there is four value of expected distance (TABLE 3). The
in and out total distances are same because there is only one access door to in and out the materials. The highest
expected distance, the worst warehouse layout design. EN analysis result the worst warehouse layout design because
the total expected distance is about 138,32. The smallest expected distance, the best warehouse layout design. EQ



analysis results in the best warehouse layout design. The nearest expected distance can affect the time for material
handling. The material handling in 1Q’s layout design is more effective than others ad also it can affect the costs. It’s
cost will be more efficient than others. So that, the warehouse layout design proposed to UD. XYZ is the 1Q analysis
warehouse layout design.

TABLE 3. The Expected Distance

The In The Out
EIQ . Distance (in Distance (in T otal E)fpected
Analysis Distance (in meter)
meter) meter)
Existing 196,01 196,01 196,01
1K 174,96 174,96 174,96
1Q 138,32 138,32 138,32
EN 175,84 175,84 175,84
EQ 143,92 143,92 143,92
OFFICE T
=N : =
=u =N
[ ] =2
o Street
@ [Em]
1Q Analysis

Type 2 Rack
Type 1
ac
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FIGURE 4. The Warehouse Layout Design



CONCLUSIONS

Warehouse storage is an essential step in the logistics process, which directly reflects the status of the material
before and in circulation and serves as the basis for the company in evaluating the materials' production and sales.
Based on the analysis that has been done, the warehouse shall provide 14 type 1 racks and 13 type 2 racks. The
smallest expected distance, the best warehouse layout design. 1Q analysis results in the best warehouse layout design.
So that, the warehouse layout design proposed to UD. XYZ is the 1Q analysis warehouse layout design.

The weakness of this research is the racks only have two levels on type 1 racks and three levels on type 2 racks.
Recommendations for the further research are examining what happens if the type 1 racks can be broken up into three
or more partitions and the type 2 racks broken up into four or more partitions with the stonger material of racks to
improve the distance estimate and increase the capacity of warehouse. Finally, the next research also try to build a
simulation model to gain more insights and validate the expected distance calculations.
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