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Abstract. This study aimed tenhance efficiency afraw materials warehouse in a case

study haircare manufacturer in Thailapaentifying the optimal stoeadpcations for

materials locating at tlsrehouseAt the same time, it was our goal to increase capacity

and improve utilization &tis warehousén order to stax some finished produckere

instead of storing all of themaatexternal public warehge As a result, the case study
company can save storage cost of finished products at the external public warehouse. The
key methodologies used to improve current raw materials warehouse were removing
obsolete materials from warehouse, regrouping rsasecakding to types, sizes, and
turnover rate, reallocating space for each group of materials, considering beam height
adjustment, and reassigning locations for each group of materials using optimization model.
The results showed that capacithestuiedwarehouse was enhanced by 12.65%, picking
distance was reduced by 51.9% compared to current situation, utilization was more balanced
throughout warehouse and annual cost saving of 874,800 THB was obtained from locating
some finished products at theeimnial raw materials warehouse. In addition, robustness of

the proposed model was analyzed and contingency plan was developed for handling with
over flow materialshenover utilization occurs.

Keywords Optimalstorage location arehouse improvement,rsige location assigemn,
picking distance reduction.
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1. Introduction

Manufacturing plant of a case study company is used to produce haircare pradtersaiide materials
warehouse at this manufacturing plant is used to store raw materialsraatepals. For finished products,
they are shipped to store at an external public warehouse. As customer demand is growing, the current
contract on required space at the external public warehouse is not enough for storing all finished products.
In fact the case study company can ask for more space at external public warehouse but this option comes
with higherentaloperating cost of the compahience, warehouse manager is looking for an opportunity
to store some finished producthatnternaraw materials warehouse in order to save cost at eptdrhial
warehouse. At the same time, warehouse manager would like to use this opportunity to improve capacity,
space utilization, and efficiencthawarehouse.

Size ofthe internalraw materials waretse is 1040.5 101 ni (Height Depth Width) with 4070
storage locations in totélarehouse layout is showtkrig. 1 Where two alphabets represent name of each
row,thenumber in each excel represent column number and L plus number ribenesednunievel in
each row.
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Fig. 1. Layout oftheinternal raw materials warehouse

There are two types of storage used in this warehouse: single selective racknardkdiliie
majority of racks is single selective rack which accounts for 3,630slothe rest of 400 locations are
drivein-rack. Four sizes of single selective rack are adopted and named R1, R3, RAegaddREfferent
in height buthey havehe same width and depf@n the other hand, only one size of diveack is used
named JTTable Ipresents dimension attie number of bins for each storage type.

Table 1. Dimension anthenumber of bins for each storage type

. . . 3
Dimension in cm

Storage Bin Types Storage Types (Height X Depth X Width) Number of Bins
Rl Single Selective Rack 65 X 120 X 120 522
R3 Single Selective Rack 120 x 120 X120 1,126
R4 Single Selective Rack 140 > 120 x 120 737
R5 Single Selective Rack 190 X 120 X 120 1,285
JT Drive-In-Rack 200 X 315 % 120 400
Total 4,070

Totally 2,109 SKUs ofaterialsarepresently stored at raw materials warehouseimg@99 SKUs of
raw materials, 1,774 SKUs of pack materials, and 36 SKUs of bulk materials. These matensd are
from suppliers anstocked athe warehouseintil productions orddo use these materials in production
processes to produce finished products.

Basedbo current warehouseds | ayout, areas i n ware
storage areas for combustible raw materials, general raw materials, bulk materials, low pack materials, higt
pack materials, and pack materials with huge valivegntrack materials). Each material is assigned to
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one storage area. Within the same storage area, materials can be stored in a random pattern and there is n
fixed location for individual SKU. However, materials can be stored across storage aued ptoa
bin process instead of using auto recommendation for available locations in cases that storage locations
assigned for that materials are full. For the current space allocation in warehouse, general and combustible
raw materials are assigteldcatecloser to making production area, bulk materials are assignatktat
first level of warehouse due to weight constiaid drivan-rack materials are assigned into -ginivack
areas. For color pack materials and perm pack materialse thegamly located throughout warehouse
with the only constrdithat material heights have to match with rack heightsb&$assstorage according
to materialds turnover rate is not applied in th

For flow of materials and sehouse system, materials delivered by suppliers are firstly located at dock
area FL1 in order to check the quality and quantity according to invoice before moving to racktycation
putaway process, SAP system will auto recommend available sttfagddooperators. Then operators
will use reach truck to move materials from dock area to store them at recommended storaddkxetion
are parts of receiving, mway, and storing processesce there is an order triggered by operation,
warehose operators will look at storage location insgatenand use forklift to pick products at storage
locatiorsto serve at operation area which is a part of picking process. In case that a required material presents
in more than one location, SAP systdirtngger material according to priorities set in SAP system which
are materials in their original location following by magerass location. In addition, materials within the
same arearetriggered according to expiry date. After finished pagfdogss, finished producise
transferred to dock area or FL2 area in ordee poepard loading further to containers whiclh pgart of
shipping process to the external public warehouse.

The issue currently foundtlisinternal raw materials warabeis unsuitable space allocation for each
group of materiatsausing huge work effort to do manual adjustment by workers and larger picking distance
required. Figure 2 represgmigjectedutilization of combustible raw materials that has very lowatiatiliz
as assigned locations are more than actual inveritosymaterial grou®n the other hand, utilization of
pack materials with huge volume is always above 100% as assigned locations are nostenioggh for
inventoryof materialén this group

Projected %Utilization of Combustible Raw Materials (CRM) Projected %Utilization of Fast Moving Pack Materials in DIR area
from Jan'19 to Dec'19 from Jan'19 to Dec'19

- (Out of 110 locations assigned for CRM) (Out of 400 locations assigned for DIR area )
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Fig. 2. Projected %Ultilization of combustible raw materials and pack materials with huge volume from
Jandl1l9 .to Decdl9

In addition, it is discovered that some materials are loctttedaw materials warehouse for a long
period of time without anpovements (no movement more than 6 months) and also absent of demand
triggering in the next 12 montfitiese materials should be considered to locate in further locations from
usage area or remove from warehouse. Zdblaonstrates example of matett@thaveinventoryin the
warehousbkut have no demand in the next 12 months.
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Table 2. Example of materials that haweentorywithoutdemandriggeringn the next 12 months

Current Inventory  Sum Demand in the

GCAS Material Description Unit (in PCE ot KG ot G) next 12 months
90588532 FOCA KLSTNP COLCRM §_47 80G JP PCE 8,082.00 -
90588595 FOCA KLSTNP COLCRM 6_47 80G JP PCE 4,900.00
90622669 LBWR WP ENR FINE SHAM250ML ANZ IN CN ADO PCE 7,732.00
90672777 TFOCA CLAPROF PCOLCR 6_56 60G ANZ PCE 2,980.00
90723266 TOCA CF YELLOW GOLD 33 150G JP KR PCE 950.00
90747505 LBWR WP RES STR SHAM250ML ANZ IN CN ADO PCE 6,430.00
90759781 FOCA KLSTNP COLCRM 6_17 80G JP PCE 3,220.00
90766802 FOCA WELLATN 2PLUS1 PCOLCM 7PB 60G JP PCE 2.00
90767570 SHPR NNE RTU PCOL DG 11 G 12EA AUNZ PCE 26.00
90769813 FOCA NNE PCOL 98 60ML AU NZ PCE 8,190.00
90769880 FOCA NNE PCOL 112 60ML AU NZ PCE 6,320.00
90769971 TFOCA NNE PCOL 115A 60ML AUNZ PCE 1,580.00
90769973 TOCA NNE PCOL 116A 60ML AUNZ PCE 19,900.00
90770063 TOCA NNE PCOL 124 60ML AU NZ PCE 6,730.00
90770064 FOCA NNE PCOL 131 60ML AU NZ PCE 6,725.00
90770065 FOCA NNE PCOL 132 60ML AU NZ PCE 6,716.00
90789121 FOCA KLSTNP COLCRM 8§ 33 80G JP PCE 480.00

These problems are solved under this research. The scope®fingnspace utilization, capacity, and
efficiency aheinternal raw materials warehouse include reviewing current irevadittamgtif/ingobsolete
materialshat can be removém thewarehouse in order to enhaspace availablegrouping matet&a
according to type, sizes, and turnover raédlocating space and reassigning locations for each group of
materials, and considering beam height adjustment to match with actual sizes of materials. This research is
studied based on forecasted invensupply, and demand data from January to December, 2019 provided
by the company on January 1, 2019. The results are reported in terms of utilization, capacity, and efficiency
improvement compared to current situation in this warehouse and cost redutsterihg some finished
products athisraw materials warehouse.

2. Literature Review
In thissectionthe relatetheories andtudies used in this research are discussed.
2.1. Warehouse Overview

There are two main types of warehopdgate warehousedapublic warehouse as statefiljnPrivate
warehouse is own by company which includes the ownership in land, building, and equipment while public
warehouse offers storage areas and operations for the company that decides not to construct its own
warehous.In exchange, company has to pay renting cost for storage areas and operating cost for transporting
products within and across building to warehouse
According td2], four common activities typically occur in warehouse: receiviagagupidkg, and
dispatching. However, some warehouses may have additional activities susteg, peplenishment,
and value adding services depending on their warehouse layout and work procasstdesigifs].
Based o], picking process is codsred as the costliest activity within warehouse accounting tor 50
7% of total operating costs. Travel to product location spends longest time during picking process or around
50% of total picking timas revealed 1j§].
There are different typessibrageequipmenti s ed i n t o dfa yndbasce black stabkimg) s e
adjustable pallet racking or single selective racking;dkejtacking, narrow aisle racking,-thrivacking
and drivethrough racking, flow racking, and pbabk rackingEachone is suitable to use in different
warehouse layout and operation dg8igAt present, single selective rack and-arikeck are useithis
warehouse. The disadvantage of dmivack is inability to manage materials by FIFO-iffir§itstout).
Flow racking is an alternative choice for dnwrack that can help to solve FIFO issue. However, storage
depth of flow rack is commonly limited to eight pallets due to weight considerdisaussed [i6i.
The desirable warehouse laygsutecommerrd by[3]is warehouse layout that results in maximizing
space utilization while minimizing travel time and touch point during op&tatperating areas within
warehouse with required space for each area should be includéuedi@sign phasEor space calculation
for each area, using an average inventory level might not be an appropriate number because materials cal
overflow during peak demand period. TRrezelld7] recommends that size of warehouse should close to
an average inventory leigdeak period is short and peak to average inventory is high. However, size of
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warehouse should close to peak inventory in case that peak period is long and ratio between peak to averag
is low. Some warehouses are divided storage area into forwaudi reissa\ge area as discussgd].imhe

forward area is designed to use for efficient order picking while the reserve area is used to hold inventories
for replenishing to forward area.

In case that warehouse manager found that current space withinsgarebb enough to store all
required materials, the solutions can be expanding warehouse, renting additional space, and creating
additional space within current wareh@isé hird option is the cheapest option and can be done though
reducing inventorevel, moving expired, obsolete, damage awgaiffy products out from warehouse,
reducing height of racking according to actual size of materials, and changing from fixed location to random
location or cladsased storagklarkmul[9] increased capgciwithin current warehouse by removing non
moving stocks from warehouse and changing beam h
of warehouse was enhanced by 14%.

To store products into two warehou&symchusri and Kitpipil( proposed that first priority was to
understand companyds requirement especially saf e
consider about distance. Products should be located closer to usage area as much as possible to minimize
travel distanc&Vutthisirisart, Sir, and Nolj&l] had discussed on location selection problem in case that
company had two warehouses. This research had constructed four policies and compared results in terms of
transportation and storage cost minimization usingirffuaisttiged network flobvased optimization. The
results demonstrated that shipment level policy had the lowest cost, following by material level policy,
material level flexible storage potiog, materidével strict storage policy, respectively.

2.2. Storage Location Assignment

Three types of storage assignmmantom storage, dedicated storage, andakess storagge commonly
used in many warehouses as discus§ed. ifor random storage, locations in warehouse are shared. So,
utilization of thisterage type is usually higher than other storage types but it can result in higher picking
distance as fastoving materials may be located in further locations to usage area. In contrast, dedicated
storage assigns each material into fixed locatiomgesultw utilization. However, it is easier to operate
as operators become familiar with material locations. The last storage assignmbatés damsge.
Materials are divided into classes and each class is assigned to specific area withivatmehisusithin
the same class can share |l ocations together but
methodas applied iff] is usually used for classification materials into classes. This storage type is typically
used in manyarehouses as it can deliver higher utilization than dedicated storage and shorter picking
distance than random stordgevertheles§uo, Yu, and De Kost§t3] stated that even cldsased policy
can reduce travel distance, larger number of clasisesréxjuired more storage space which can increase
travel distance as well. So, trading off bettheemumbenf classes and space requéneshecessaryn
addition to classic storage policy as mentioned earlier, clustering storage is popularty msdtipleh
items are picked in each tour as discus§kf.iBome research as reveal§tbjralso considered sequence
of picking lists after clustering SKUs in order to further minimize travel distance aHdwiever,
clustering storage notappled in this research as only one item is picked in each tour.

As stated ifil6], three criteria typically used to assign products into classes including popularity or picking
frequency, maximum inventory, and gudrerder (COI) After products are assighinto classeanother
decision is how to assign locations for each class of materials in wfpelhdesend Castil\dllar [4]
proposedo use either withinisle storage or acr@ssle storage in sindgeel rack warehouse wiillean
and Char{17 proposed to use either horizontal or vertical ABC-ludaesl storage in muéivel rack
warehousdn contrastBattistaet al.[18] did not use all above strategies. Inste@ight for each slot in
warehouse according to travel time required to eaahtslot was computed and products that had similar
turnover ratevereassigned to locate to same weighted gpayawong, Sopadang, and Pdfi¢dpplied
ABC clasdased storage and mathematical linear programming to identify optimized locatams f
commodity. The objective function was to minimize travel distance of products from origins to destinations.
The results presented that overall travel distance and total picking time were redUceddy %5
respectively.
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2.3. WarehouseReshufling

An assigned location for each material can be changed over the period of time due to changing in demand
profile. Warehouse reshuffling is a process of moving materials from one assigned location to another
assigned location. Costs related to waremesisuffling have to be trae&twith benefits from assigning

new locations for materials in warehdaaeour and Car[@( developed mathematical programming for

solving reshuffling problems with an objective function to minimize total loadedanedinavel distance.

The result demonstrated that reshuffling cost can be régugéd

2.4. StorageSpace Requiredor Each Groupof Products

From[18], total storage locations required for dedicated and random storage can be calclatéd)using
andEg. (2) as shown below.

Mpedi &8Bp@@dMp} (1)
Mg a n FWAEKBpMp } (2)
whered is space required by product p at tinMpte 4 AhdMg 2 n 4@rg total space required for
dedicated and random storage, respectively.
Phumchusri and KitpipitlQ also calculatethe number of spaces required based on maximum
inventory m the past one year instead of using an average number.
3. Research Methodology

Overall research methodologies used in this reseasumararized iRig. 3.

Understanding company’s background and collecting company’s data

-

Identifying and removing obsolete materials from raw materials warehouse

-

Regrouping materials into grouping level 1(criteria: material types and sizes) and
groping level 2 (criteria: material types, sizes, and turnover rate)

-

Reallocating space for each group of materials

-

Considering beam height adjustment to match with actual sizes of materials

-

Reassigning locations for each group of materials using optimization model

-

Finalizing grouping of materials in raw materials warehouse

Fig. 3. Overall research methodologies
3.1. CollectingCompany 6s Dat a
Companyds dthis researck areufarecastdd momth end inventory, demand, and supply data from

January to December 2019, material master data including type of, thatemalser of pieces or weight
per pallet, and receivedllet heights, storage locatiamsl layouof thisraw materials warehouse.
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3.2. Identifying and Removing Obsolete Materialdrom Raw Materials Warehouse

In the first step, current inventory and forecasted deshaagh SKUn the next 12 months are extracted
from SAP system. SKUs that have iromnmore than zero but their aggregate demand in the next 12
months are zero are reviewed with planning team whether they can beffirdgtarthewarehouse. After
confirmation from planning team is obtained, wiffter obsolete materials are remofvech warehouse

to temporary tent location in order to process physicalofiritether. This processmanhelp to enhance
capacity withithewarehouse.

3.3. Regrouping Materials into Grouping Level 1 Cr i t er i a: Maanct: Sizepdnd s Ty p «
Grouping Level2 Cr i t er i a: Mat eandutndver Rafey pes, Si zes,

As there are too many SKUs of materials with limited number of locatibasvarehouse, it is not
appropriate to use dedicated storage policy as it can result in low utilization. On thd atkergi@andom

storage can result in high utilization but it can also result in high average picking distance during picking
process. Thus, grotgased location is applied. However, ghaged location in this research considers not

onl y ma toger rata bubatso typasramd heights of mat&aalgadingoff amongthe number of

mat erial 6s groups, storage space required, and t
compared in terms of storage space required and travekdisthrction. Two grouping levels are named
grouping level 1 and grouping level 2. For grouping level 1, materials are classified into groups based on type
of material and height of material. For grouping level 2, materials are classified into gronpgggzaséd

material, height of material andteriaturnover rate. AZhang[15]noted that though clabased storage

can reduce travel distance, too many classes require larger space which can also result in higher travel distanc
If travel distanceeduction is small compared to larger space required, grouping dewaldbe
implementedh this warehouse.

Starting from material types, all materigteivarehouse should be divided into seven types which are
general raw materials, combustiblenaterials, bulk materials, perm pack materials with huge volume, color
pack materials with huge volume, perm pack materials, and color pack TMeenésia used to divide
materials into each type are usage area, specific requirement of nmatespmsifia characteristic of
materialsk-or the first criteria which is usage area, there are three production areas that trigger raw materials
from thewarehouse which are making production, perm production, and color production. Each production
area igonnected tthiswarehouse with different entrances. So, materials should be divided into three types
according to usage arear the second criteria which is specific requirement of materials, materials used in
making production are divided into twoug® which are general raw materials and combustible raw
materials. Combustible raw materials can be located only in rack location CA and CB as they have special
safety requirement. Another group of materials that has specific requirement is bulkriBigicamabe
located only on the first floor as they have heavy weight. So, materials used in perm production are divided
into perm pack materials and bulks. The last criteria is specific characteristic of materials. Some SKUs of
perm pack materials andazack materials have huge volume on both demand and supply. Hence, they
are suitable to locate in drimgack locations rather than single selective rack locations. Seven types of
materials as grouped thesethree criteria are summarized able 3Each material is assigned into one
type of material.

Table 3 Criteria for grouping materials into seven types

L. Crirteria 2: Specific Criteria 3: Specific . .
Criteria 1: Usage Area X . Final Material Types
Requirement Characteristic
General Raw Materials N/A General Raw Materials
Making Production
Combustible Raw Materials N/A Combustible Raw materials
Normal Materials Perm Pack Materials
Perm Pack Materials Perm Pack Materials witl
Perm production Huge Volume Materials erm rack Mareniats with
huge volume
Bulk materials N/A Bulk materials
Normal Materials Color Pack Materials
Color production N/A Color Pack Materials with

Huge Volume Materials
huge volume
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After classifying materials into each type, the second priority for grouping materials is material height. As
received raw materials hagsdety sizes, using only one size of storage rack can result in low utilization of
warehouse. On the other hand, using too many sizes of storage rack can also resultin low flexibility. Currently,
there are four sizes of single selective racinubewarehouse as introduced earlier. From observing actual
height of raw materials, there is an opportunity to combine racking type R3 and R4. Thus, three sizes of
single selective rack and one size of-irigek are proposed to use in this warehouse asagagedrin
Table 4.

Table4 Pr oposed r ac thiSrav ntatgrigle wateloousa s e i n
Rack Types Height of Racks (cm)
Single Selective Rack: Low (R1) 65
Single Selective Rack: Medmm (R2) 120
Single Selective Rack: High (R3) 190
Duve-in-rack (R4) 200

Each material is assigrieth an appropriate rack height according to received pallet height. Table 5
presents final groups miaterials undegrouping level Ategorized based on material types and sizes. Each
material is assigned into one group of materials under grouping level 1.

Table 5 Criteria and final groups of materials under grouping.level 1

Priority 1: Material Types Priority 2: Material Height Grouping Level 1
General Raw Materials Medium (R2) Group A (247 SKUs)
Combustible Raw materials Medium (R2) Group B (2 SKUs)
Bulk materials Medium (R2) Group C (36 SKUs)
Perm Pack Materials with DIR (R4) Group D (1 SKU)
huge volume
High (R3) Group E (131 SKUs)
Perm Pack Materials
Medium (R2) Group F (97 SKUs)
High (R3) Group G (134 SKUs)
Color Pack Materials Medium (R2) Group H (449 SKUs)
Low (RI) Group I (500 SKUs)
Color Pack Materials with DIR (R4) Group J (14 SKUs)

huge volume

The third priority in grouping materials is materiabwer rate. Grouping materials according to
material turnover rate can benefit in terms of picking distance reduction as materials with high turnover rate
can be arranged to locate closer to usage area. In this research, aggregate demand in thia:éxt 12 mo
pallet unit by SKU is used to represent picking frequency of eadh ®iids of implementation, materials
in each group under grouping level 1 are ranked from highest picking frequency to lowest picking frequency.
Then, aggregate pickingfrequgn i s det er mi ned and converted to pe
SKUs that account for &of picking frequency are assigned to class A, SKUs that acahemésil 36
of picking frequency are assigned to class B, and the rest of SK&igrem@ tasclass C. As combustible
raw materials, bulk materials, perm pack materials and color pack materials with huge volume have small
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number of SKUs, they are not slibided by material turnover rdtimal groups of materialsder grouping
level 2are presented ifiable6.
Table6. Criteria and final groups of materials under grouping.level 2

Priority 3: Material

Grouping Level 2
Turnover Rate ping

Priority 1: Material Types Priority 2: Material Height

Class A Group 1 (62 SKUs)
General Raw Materials Medium (R2) Class B Group 2 (80 SKUs)
Class C Group 3 (105 SKUs)
Combustible Raw materials Medium (R2) N/A Group 4 (2 SKUs)
Bulk materials Medium (R2) N/A Group 5 (36 SKUs)
Perm Pack Materials with DIR R4) N/A Group 6 (1 SKU)
huge volume
Class A Group 7 (23 SKUs)
High (R3) Class B Group 8 (35 SKUs)
Perm Pack Materials Class € Group 9 (73 SI\P?)
Class A Group 10 (20 SKUs)
Medium (R2) Class B Group 11 (31 SKUs)
Class C Group 12 (46 SKUs)
Class A Group 13 (38 SKUs)
High (R3) Class B Group 14 (36 SKUs)
Class C Group 15 (60 SKUs)
Class A Group 16 (98 SKUs)
Color Pack Materials Medium (R2) Class B Group 17 (154 SKUs)
Class C Group 18 (197 SKUs)
Class A Group 19 (227 SKUs)
Low (R1) Class B Group 20 (142 SKUs)
Class C Group 21 (131 SKUs)
Color Pack Materials with DIR R4) N/A Group 22 (14 SKUs)

huge volume

3.4. Reallocating Spacefor Each Group of Materials

In this partspace is allocated for each group of materials under grouping level 1 and grougdimghievel 2.

first step, month end inventory by SKU from January to December, 2019 is extracted from SAP system. In
the second step, month end inventory by Skdsthe first stefisconverted from their original unit (gram,
kilogram, or piece) to pallet urging unit conversion from material master data. For the third step, the
summation of month end inventory for each group under grouping level 1 and grouping level 2 is calculated
and presented fable 7 andable 8.

Table 7 Month end inventory ofeachimar i al s group.under grouping |

CASE I: Grouping Level 1

Groups Material Groups Jan-19  Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19  Aug-19 Sep-19 Oct-19 Nov-19 Dec-19 In:::j:or
Group A General Raw Matenals 508 552 626 636 613 592 592 596 572 573 601 533 636
Group B Combustible Raw Materials 2 2 2 2 2 2 2 2 2 2 2 2 2
Group C  Bulk 130 130 130 130 130 130 126 123 122 124 124 122 7 130
Group D Perm Pack Material with Huge Volume 121 202 12 118 175 33 67 110 162 225 44 124 7 225
Group E  Perm High 560 548 603 714 676 675 634 549 597 554 573 555 714
Group F Perm Medium 306 308 274 268 248 256 260 247 239 225 232 227 308
Group G Color High 285 307 359 305 298 276 251 272 239 302 298 284 359
Group H  Color Medinm 703 728 701 680 722 632 666 648 672 652 672 646 728
Group I Color Low 562 367 558 351 549 552 347 562 516 332 520 526 567
Group ]  Color Pack Material with Huge Volune 180 262 183 250 198 170 312 274 204 247 222 207 7 12
Total " 3357 ' 3606 ' 3448 ' 3654 ' 3611 ' 3318 ' 3457 ' 3383 ' 3305 ' 3436 ' 3288 ' 3226 3654
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Table8 Mont h end inventory of each. material 6s group

CASE II: Grouping Level 2

Groups Material Groups Jan-19  Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19 Oct-19 Nov-19 Dec-19 Max
Group 1  General raw matenals (A) 249 268 312 297 286 264 280 286 260 273 293 225 312
Group 2 General raw matenals (B) 154 164 192 208 195 194 179 175 180 169 176 175 208
Group 3 General raw matesials (C) 105 120 122 131 132 134 133 135 132 131 132 133 135
Group 4  Combustible raw materials 2 2 2 2 2 2 2 2 2 2 2 2 2
Group 5 Bulk 130 130 130 130 130 130 126 123 122 124 124 122 7 130
Group 6 Perm Pack Material with Huge Volume 121 202 12 118 175 33 67 110 162 225 4“4 124 7 225
Group 7 Perm High (4) 121 111 178 275 261 268 236 163 204 168 186 182 275
Group 8 Perm High (B) 210 204 198 210 191 181 178 166 171 164 168 155 210
Group 9 Perm High (C) 229 233 227 229 224 226 220 220 222 222 219 218 233
Group 10 Perm Medium (A) 151 145 108 102 84 96 101 91 89 74 81 74 151
Group 11 Perm Medium (B) 82 89 94 95 93 90 89 83 75 76 75 77 95
Group 12 Perm Medium (C) 73 74 72 71 71 70 70 73 75 75 76 76 76
Group 13 Color High (A) 132 150 201 154 156 144 122 136 113 175 175 155 201
Group 14 Color High (B) 65 69 72 67 58 49 48 53 48 50 48 53 72
Group 15 Color High (C) 88 88 86 84 84 83 81 83 78 77 75 76 88
Group 16 Color Medium (A) 294 305 286 264 302 215 250 239 259 229 258 234 305
Group 17 Color Medinm (B) 174 182 177 177 180 174 173 168 170 178 171 169 182
Group 18 Color Medium (C) 235 241 238 239 240 243 243 241 243 245 243 243 245
Group 19 Color Low (A) 274 272 261 261 259 262 257 272 234 247 237 244 274
Group 20 Color Low (B) 148 150 152 148 148 148 148 148 144 147 146 145 152
Group 21 Color Low (C) 140 145 145 142 142 142 142 142 138 138 137 137 145
Group 22 Color Pack Material with Huge Volume 180 262 183 250 198 170 312 274 204 247 222 207 " 312
Total " 3357 7 3606 ' 3448 ' 3654 ' 3611 ' 3318 ' 3457 ' 3383 ' 3325 ' 3436 ' 3288 ' 3226 3654

The final paceallocated for each group of mateisadssigneoased on maximum month end inventory
in order to avoidverflow of materials from assigned locations to other loc&momerm pack materials
and color pack materials with huge voltmegnumber of assigned space is fixed with number locations of
drivein-rack which are 160 locations for perm pack matanidl240 locations for color pack material. In
case that actual inventory of materials in these groups are higher than assigned locations, they can shar
locations with perm high and color high groups. The final space allocated for each group ungder groupi
level 1 and grouping level 2 is demonstrafEabiied andTablelQ, respectively.

Table9. Space allocated for each group of materials under grouping level 1

Groups Material Groups Allocated
Space
Group A General Raw Matenals 636
Group B Combustible Raw Materials 2
Group C  Bulk 130
Group D Perm Pack Material with Huge Volume 160
Group E  Perm High T4
Group F Perm Medmm 308
Group G Color High 339
Group H Color Medmum 728
GroupI Color Low 367
Group] Color Pack Matenal with Huge Volume 240
Total 3844
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TablelQ. Space allocated for each group of materials under groupig level

Groups Material Groups Allocated
Space
Group 1 General raw matenals (A) 312
Group 2 General raw matenals (B) 208
Group 3 General raw materials (C) 135
Group 4 Combustible raw materials 2
Group 5 Bulk 130
Group 6  Perm Pack Matenal with Huge Volume 160
Group 7 Perm High (A) 275
Group 8 Perm High (B) 210
Group 9 Perm High (C) 233
Group 10 Perm Medmum (A) 151
Group 11 Perm Mediumn (B) 95
Group 12 Perm Medium (C) 76
Group 13 Color High (A) 201
Group 14 Color High (B) 72
Group 15 Color High (C) 88
Group 16 Color Medinm (A) 305
Group 17 Color Medium (B) 182
Group 18  Color Medmm (C) 245
Group 19 Color Low (A) 274
Group 20 Color Low (B) 152
Group 21 Color Low (C) 145
Group 22 Color Pack Matenal with Huge Volume 240
‘Total 3891

3.5. ConsideringBeam Height Adjustmentto Match with Actual Sizesof Materials

After total required space for each mateanhbeal 6s ¢
finalizedas shown ifablell

Tablell Current rack avable andhe number of locations required for each type of.racks

Current Racks Available Required #Locations
Rack Types . N :

(#Location) Grouping Level 1  Grouping Level 2

Low Rack (R1) 522 567 571
Medmm Rack (R3, R4) 1,863 1,804 1,841
High Rack (R5) 1,285 1,073 1,079
Diive-in-rack (DIR) 400 400 400
Total 4,070 3,844 3,891

The data present that required locations for low rack are greater than current racks availability in raw
material warehouse for both grouping level 1 and grouping level 2. On thamth#re availability of
medium rack and high rack locations are more than the requirement. Thus, beam height adjustment is
considered to match with actualstfgaw materials and best utilize tha & the strateggxcessigh
racks are converténollow racks as required and the rest of high racks are converted to medium racks as it is
the suitable rack size for storing finished prodtmtshekeyconstraintbeam height ahe same row and
same level of rack should be the same to avoid cardusing operaih. Table 2demonstratean updated
rack available thewarehouse after applying beam height adjustment.
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Table 2. New rack available atite number of locations required for each type of.racks

New Racks Available Required #Locations
Rack Types . - -

(#Location) Grouping Level1  Grouping Level 2

Low Rack (R1) 573 567 571
Medmm Rack (R2) 2,147 1,804 1,841
High Rack (R3) 1,097 1,073 1,079
Drive-in-rack (R4) 400 400 400
Total 4,217 3,844 3,801

It is noticeable thattheavh abi | i ti es of each rackds type matc

level 1 and grouping level 2. Furthermore, the excess locations are allocated to mediimoraek gize
use for storing finished products.

3.6. ReassigningLocations for Each Group of Materials Using Optimization Model

In this part, each group of materials is assigned to certain loc#tiensighouseptimization model is
used to identify the most appropriate locationeach group of materials. The objective funddion i
minimize total picking distance and the decision variables are whether to locate or not to locate each material
in each location. Parameters required for constructing optimization model are travel distance from each
location to each usage areaandavge pi cking frequency per | ocatio
two main constraints. First, each location can be used to store one material at most. Second, each material
has to be assigned to store in only one location.

In the first step, all pametes have to be collected which consist of travel distances from each location
to each usage area and average picking frequency per location for each group. éffteasdtiaécessary
parameters for creating optimization model are coll&ébtedext step is to construct optimization model
and use OPL program (IBM ILOG CPLEX Optimization Studio) to generate the optimized results. Two
main optimization models are created for grouping level 1 and grouping level 2.

3.6.1. Optimization models for groupingds 1

Sets:

|=Setofbcati on number = {1,2,¢é,3817}

LR= Set of Il ocation number LR®Ir | ow racks = {1, 2, ¢
MR= Set of |l ocation number for MR¢HIi um racks = {5

HR = Set of location number for high racks = {2722,27, ¢ , 3 8 1HR*I wher e
MRF = Set of location number for medium racks that are located at first floor of warehouse =
{574,575, éMRBF¥D } , wher e

J=Setofmt er i al numbler = {1,2, ¢é, 34
CLM= Set of mat eri al number }fwhereCldMo'ld o r | ow mater i a
CMM= Set of materi al number for col €éMMMIdedi um mat ¢

CHM= Set of material number for colGHM*"hi gh mater.
GRM= Set of material number for general raw material6 5{% , 16 56, é GRZ290J } , wher e
CRM= Set of material number for combustible raw materials = {2291,2292}Ckhte]

BM= Set of materi al number for BMVMKk materials = |
PMM= Set of material number for perm medium materialf 242 3, 242 4 PRM"2]7 30} , wh e
PHM= Set of materi al number for perPAMKI gh mat er i ¢

CP= Set of material numbasedirc ol or productioncCBvJ{1,2,¢é,1654}, V
MP = Set of material numbesed iraking prodat i on = {1655, IMPB88&8, é, 2292} ,
PP= Set of material numbaesedilpper m production = {PRP93,2294, é, 344

K = Set of sage area = {1,2,3}, where 1 = making area, 2= perm area, and 3 = color area

Parameters:
D i; gtDistance fromocationi to usage arda
F r.e Ricking frequency per location of matgrial
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Decision variable:
X; ¥ 1 if materia] is in location ; O otherwise

Objective function:
MinimizeTotal Picking Distance =

B . Bi/v| X,TJD||?1'2F|: rqe+BN Bi”l X,TJD||VTQQH:YJ€+(BN Bi/v| X,TJDI,%QFFrJe @)

Constraints:
BjvyXi Q 1 Lim 4
BimXx5 1 S ing ®)
Biv. BjvcL X556 7 (6)
BivmrBjrc ki F 7 2 8 (7)
Bivi rRBjvcig 3 5 9 (8)
BixmrBjxgriF 6 3 6 9
BivmrBjrc R M T 2 (10)
BivmrBjre i 130 (11)
BiNMRBij MM 5 308 (12)
Bivy RBij H NG T 714 (13)

Total picking distance as shown in Eq. (3) ®gicking distanceof materials located in making
production (first term) plus picking distance of materials located in perm production (second term) and plus
picking distance of materials located in color production (third term). The objective fisutljectés! to
ten constraints as presented in Eq. (4) to Eq. (13). Enitéthat each i location can be used to store one
material at mosvhileEq. 6) indicates that each material in each group must be assigned in one location.
The rest constraintsmp |l vy t hat each materi al has to be assig
have to be located at low racks as stated in Eqg. (6). Color medium materials, general raw materials,
combustible raw materials, and perm medium materials haveeaddaedt medium racks as forced by Eq.

(7), Eq. (9), Eq. (10), and Eqg. (t@3pectivelyn Eq. (8) and Eq. (13), color high materials and perm high
materials have to be stored at high racks, consecutively. Eq. (11) is for indicating that butamiagerials
stored only on the first floor of warehouse which includes locations i = 574 to 839.

The results from optimization mogedsentinal locations for each group of matetiatier grouping

level 1as illustrated iRig. 4.
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Fig. 4. Final assigned locations for each group of raw materials under groupingtteseldremouse
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Total picking distancealculatedasd on new assigned locations for each group of materials under
grouping level 1 is 1,301.78 km.

3.6.2. Optimization models for grouping level 2

Sets:

I=Set of |l ocation number = {1,2,¢é,3817}

LR= Set of | ocation number LR®Ir l ow racks = {1, 2, ¢
MR= Set of | ocation number for MR#HIi um racks = {5

HR = Set of location nume r f or high racks HR{R721,2722,¢é, 3817
MRF = Set of location number for medium racks that are located at first floor of warehouse =
{574,575, EMRBF¥D } , wher e

J= Set of materi al number = {1,2,¢é,3491}

CLMA = Set of material number forlco r l ow material s cOLMAs»sI A = {1, 2,
CLMB= Set of materi al number for col oCLMBMIw mat er i
CLMC= Set of materi al number for col o€GLMCWOIw mat er i
CMMA=Se t of materi al number for col or mE&MMAIMYM mat el
J

CMMB= Set of materi al number for col or @MMBFumMm mat
J

CMMC= Set of material number for color medium materialsclassC1 059, 106 0 CeIMCL 30 3} ,
N J

CHMA= Set of materi al number for col or GHMAHNh mat er
J

CHMB= Set of materi al number for col or CHMBYI mat er
CHMC=Setofmateral number for color high mat@HMCad s cl| a:
GRMA= Set of materi al number for gener aGRMAdaw mat e
J

GRMB= Set of material number for general raw materials class B = {197,1®, 2 1 8@RMB¥ wher e

J

GRMC= Set of materi al number f or ¢8l8evheseGRMCAW mat e
J

CRM= Set of material number for combustible raw material32232%, whereCRM#* J

BM = Set of material number for bulk evédls = {8222323 ¢é ,58,4vhereBM » J

PMMA = Set of material number for perm medium matetads A {24522453 ¢é 602, wherePMMA

N J

PMMB= Set of materi al number for perm meEMMBmM mat e
N J
PMMC=Setofmat er i al number for perm medium mMME&ri al s
N J

PHMA = Set of material number for perm high matesiats A= {27742775 é 048, wherePHMA ~

J

PHMB= Set of material number for perm high materials class B = 8393 ¢, 3 2 PBNBY*Jwh er e
PHMC= Set of materi al number for perm hRAHYGY"Imat er i
CP= Set of materi al number GfswheteCPMJ col or producti i
MP = Set of material number used in makingymtioh = {165166 ¢é 322, whereMP ~ J

PP= Set of material number used in perm productior8232323 ¢é3493%, wherePP~ J

K= Set of sage area ={1,2,3}, where 1 = making area, 2= perm area, and 3 = color area

Parameters:
D i; gDistance fromocation i to usage area k
F r.e Ricking frequency per location of material |
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Decision variable:

X; ¥ 1 if material j is in location i; O otherwise
Objective function:

Minimize Total Picking Distance =

B . BiNl X,TJDI,EQFFI‘JeﬂBN Bi”l X,TJDI,T‘QQFFrJeﬂBN BiNI XlTJDll\%QFFI’Je(q.L]-)

Constraints:

Bjvxi @ 1 Lim a9

BivmXi5 1 /g 19

BiNL FBJ'NCL Mxiﬁ 274 (17)
BiNL FBJ'NCL IVIXi:] 152 (18)
BiNL FBJ'NCL Mxiﬁ 145 (19)
BixmrBjrcMmAiF 3 0 5 (20)
BiNMRBjNC MM Xi 5 182 (22)
BiNMRBjNC MMXi T 245 (22)
BivirBjrcHmXiF 20 1 (23)
By RBjNCH MXi 5 72 (24)
By RBjNCH wXi 3 8 8 (25)
BiNMRBjNGRMXiﬁ 312 (26)
BismrBjrgrm¥F 2 0 8 (27)
BismrBjrgrM&F 1 3 5 (28)
BixmrBjvc R T 2 (29)
Bismr B w5130 (30)
BixmrBjrp MmXiF 151 (31)
BixmrBjrp MmEiF 9 5 (32)
BivmrBj»p Mm&iF 7 6 (33)
BivirBjvp mXi§2 7 5 (34)
Bivi rRBjvpum¥%52 1 0 (35)
Bivi rBjvp iM% F 2 3 3 (36)

Total picking distance as demonstrated in Eq. (14)theumlsnmation gdicking distance of materials
located in making production (firsitgrpicking distance of materials located in perm production (second
term) and picking distance of materials located in color prodiagitert). The objective function is
subjected to 22 constraints as presented in Eq. (15) to Eq. (36). Foctimsfiesht as equated in Eq. (15),
each i location can be used to store one material allnecstcond constraint as shown in Eg. (16) indicates
that each material in each group must be assigned in one location. Eq. (17) to Eq. (19) impliesvthat color lo
materials class A, B, and C have to be located at lovAtabkssame time, color medium materials class
A, B, and C, general raw materials class A, B, and C, and combustible materials have to be stored at mediun
racks as demonstrated in Eq. (20)qo(E2), Eq. (26) to Eq. (29), and Eq. (31) to Eq. (33), respectively. Eq.
(23) to Eg. (25) and Eq. (34) to Eq. (36) show that color high pack materials class A, B, and C and perm high
pack materials class A, B, and C have to be located at high raaks(F)r bulk materials can be stored
only on the first floor of warehouse which includes locations i = 574 to 839.

The results from optimization model report final locations for each group of materials under grouping
level2 as illustrated iRig. 5.
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Fig. 5. Final assigned locations for each group of raw materials under groupingtt@sel&emouse
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