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Abstract: A Distribution Centre (DC) is considered a critisade in providing optimal customer service levela supply

chain network. Therefore, improving order fulfilmigime at DCs becomes critical to achieve worldsslaperations.
One of the key processes involved in order fulfiiinis that of picking, the activity that consumessintime when

fulfilling an order. This article presents the gisid of an actual system that stores productsremdom fashion and
releases orders following FIFO rules. A simulationdel is built, and two scenarios analysed. Tra 6ne (baseline)
reflects the current DC operation. The second sae(@ojected) includes the implementation of thpécking strategies
aimed at improving system performance: slottingsaygicking, and expedite picking (balancing pickexorkload). The
following KPIs are used to compare both scenadoder fulfilment lead-time, picks per man-hour, @age picking time
per order, average time to pack an order. Simulasults show that the systematic implementatioitne proposed
strategies achieves substantial improvements,mypirothe order fulfilment time (54% reductionytialso in the number
of orders completed in less than 8 hours, the numifoerders picked per man hour and a reductigoickers idle time.

1 Introduction best strategies to provide world-class service.

A DC is considered one of the most important nades For the fulfilment of an Order, a series of actestare
a supply chain network [1], given that its performa has Pperformed: picking, packing, and order consolidatio
an important impact on the company’s profit. A BQtie Order picking is a vital and demanding part of phacess
place where products are received, handled, storé$ it accounts for about 50-75% of the total opregatost
packaged, and then shipped to satisfy customersfgle ~ for a typical warehouse [5] and utilizes up to 66Pabour
To provide a competitive service level at a DC,oaler force [6]. Additionally, picking comprises one oiore of
received must be fulfilled in time and quantityistts often  the following processes: batching, routing and seging,
referred to as on-time in-full (OTIF) deliveries][an and sorting. Batching serves as the criteria irctviorders
trying to achieve world-class operations, compamest are grouped, according to similarities and locatiand
assess the service level of their DCs through afveark released for their fulfiment; routing and sequenci
with similar industries. A benchmark enables thniteon ~ determine the optimal sequence in which each Stock
of useful and relevant performance measures based Keping Unit (SKU) is picked; and sorting consisfs
good practices achieved by best-in-class Compﬁ'ﬂi_egn consolidating orders that are withdrawn togethelth'e
example of a benchmark reference is the Warehouasidg Same pick wave [7].
Fulfilment Process Benchmark & Best Practices G[#{le The batching process, in particular, requires the
which is periodically published by the Warehousinglanning of the rhythm at which orders are releasedell
Education and Research Council (WERC). Using gfiet as the determination of the best combination ofdA
of information, companies can then make the necgss#0mmon strategy is calledvave picking A waveis a
adjustments and improvements to their processes. batch of orders that are handled together, optigithe

One of the main performance measures in Ddistance travelled by the staff assigned to theipic
operations is the order fulfilment lead-time, defiras the Process and bringing efficiency into the order ifuiént
amount of time elapsed between the order is redeinel Cycle time [8].Wave pickingalso benefits from balancing
shipped from the facility. Since customer orders ba the work between the different processes duringther
very different from one another' in terms of, fnst'ance, fulfilment process. Accurately batched and releawades
the order mix (high and low volume items), the ofilees  could reduce cycle time by more than 13%, comptwed
(number of different items) and the order sizeaftoimber not following any strategye.g, orders released as soon as
of units) [4], it is then important to evaluate fhefile of ~they are received [9].

the orders received by a DC in pursuance of degitire One of the aspects affecting the batching procetieei
location of products to be retrieved. Typicallyy8@f the
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orders received at a DC represent up to 20% oftibek- operation and simulation model specifications. iBact
keeping units (SKUs). Focusing on the top 20% pectglu presents the experimental design, KPIs and proposed
makes a significant difference when planning a DGimulation scenarios. Results are discussed indbebt
warehouse layout. The purpose should be to makesSKQonclusions and further research ideas are presémte
reachable and accessible to the zone where orders Section 6.

consolidated [4]. This layout strategy, for instnés

calledslotting in which the storage location is determine® Literature Review

based on parameters such as the number of hitaes & Order picking is a topic that has been extensively

product is requested [10flottingalso considers placing studied in research over the last decades. Thapyifocus
items in the Golden Zong the ergonomically optimum has been mostly on comparing the effectiveness of
location €.g, shelves between .5 meters to 1.5 meters frogifferent picking policies. Picking policies detdna
floor) [11]. Even though storage of the produ@kes \hich SKUs are placed on a pick list for laterieatal from
longer under this policy, selection of productsiigiorder  storage locations. Storage location assignmenthivag
fulfilment is simpler and total lead-time is reddcBy and routing are the core operating policies that ar
optimizing the routing and sequence of the pickingress, considered when assessing picking systems at wases0
which has a direct impact on the traveling distante [17] Strict-order p|Ck|ng is a common po“cy theainsists
workers [12]. in touring through the warehouse to pick all SKIOs 4
Picking can also benefit from automated operationgingle order [18]. The advantage tbfat policy is that it

For example, automated storage and retrieval sgste@aintains order integrity and simplifies sorting.
(AS/RS). An AS/RS is a system used for the stom@e Combining several orders into batches is anothéicypo
retrieval of products. Its usage may bring severghat has been extensively studied throughout thesy@9-
advantages over non-automated systems: reduction 2af].

required work force, lead-time and errors duringoeafer Petersen and Aese [18] performed a Monte Carlo
fulfilment [13]. The degree of automation of an RS/ simulation to assess the impact of the three cimking
varies from semi-manual devices to computer-coletiol policies, comparing the current operation of a firm
robots fully integrated with other warehouse congds (baseline) between 27 combinations of picking pedic
such as conveyors, automated guided vehicles (AGVhey concluded that batching orders is the policst t
and warehouse management systems (WMS). Sometimgisngs about the largest reduction in picking tirbet
despite of the benefits, some companies stick touda assuming that orders did not need a later sortingess.
order picking due to variability in SKU shapes a&izes, while class-based storage also reduced the picking
variability of demand, high seasonality of produdads complex routing can cause confusion and affect the
simply due to the large investment required forhsucperformance of the entire system.

systems. _ o _ Dekker et al. [22] studied a Tools Wholesaler with

~ When evaluating picking strategies, the use qfurpose of improving order picking through the wée
simulation software is valuable. A simulation misteal-  storage and routing policies. With the help ofraugation

life systems and its process includes “such a®®&ifs model they evaluated 18 combinations of storage and
defining, designing, and constructing a model ofouting policies, obtaining reductions of up to 8. of
representation; defining the experiments to be coted; pickers’ travel distance and 4% in picking time.

collecting and analysing data to drive the modeld a  Manzini et al. [23] proposed travel distance askié
analysing and interpreting the results obtainednfitbe to assess a picker-to-part p|ck|ng System using”ajﬂmn_
experiments” [14]. Therefore, simulation is a vallgetool  Through plenty of industrial data, they concludéett

to assess the efficiency when implementing a n@jepr  routing policy is the factor that contributes thestto the

in a real-life system. [15]. _ improvement of the system performance. Class-based
~ The purpose of this article is to describe a Fhexsistorage also helped to reduce the picking cycle.tim
simulation model [16] based on the actual DC opamat Dukic and Oluic [24] used simulation to explore the

of a Hardware & Tools manufacturer anq SUpplleﬂSTh three core operating p|Ck|ng po“cies (batchin@r@e’
model was used to test the effect of three pickirafegies: and routing) using a basic layout of a conventional
slotting, wave picking, and expedite picking (b&iag warehouse. They achieved considerable decreasavid t
picker’s workload). Currently, the company does najistance when combining batching and volume-based
perform slotting (products are stored in a randashion, storage. Additionally, integrating routing as paftthe

with no other strategy than size and weight), iteets are pjcking policy did not have an important impact on
released following FIFO rules (nwave strategy), and performance.

picking operators are assigned to one or moresaéshel Chackelson et al. [25] presented a research-based ¢
they are not allowed to pick items from other @seen if of 3 warehouse with delivery times ranging fromt@4:8
they are idle (causing an uneven workload disti@)t  hours. Using simulation software, they analysed the

This article is organized as follows. Section 2sprés  interaction between different batching, storage, raniting
a review of related literature. Section 3 descritesDC policies. They found that using a class-based geora
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policy, return routing method and releasing ordbys Tools manufacturer and supplier. Nowadays, the fast
batches (pick by article), improved the total pickiime.  growth of e-commerce companies like Amazon has
In terms of order lead time, Pedrielli et al. [26]become a threat to the economic stability of thiml kof
developed an algorithm to generate a picking li@ive companies. Despite its efforts to improve speeésgonse
picking). They also established a zone pickingtsgnyg  through implementation of an AS/RS system, perforcea
where orders were broken in items located at timeesa is not yet competitive. For that reason, the comparder
storage zone and assigned to a picker (balancistudy is looking for strategies to improve its arde
workload). Finally, items were sorted at end ofpieking  fulfilment process (picking, packing, and consdiida) in
process to the matching order. Using discrete eveatder to achieve world-class standards. In pa#icithe
simulation and picking cycle time per item as thairm DC needs to expedite the order fulfilment procesing
KPI, the algorithm and strategies were evaluateowsg only current resources (operators and infrastragituAs
important improvements in the system performance.  stated in the Warehousing and Fulfilment Process
Lead-time optimization and picking work load wenet Benchmark & Best Practices Guide [4in ‘pursuance to
subject of study for Wasusri and Theerawongsata@h [ achieve a best-in-class customer service levekieeage
where the performance of a real basic DC layout wasne from order placement to shipment must be thees
analysed contrasting different picking policieseThsults or equal to 8 hours
showed a decrease in picking time through batclzand
picking and a better staff utilization. Policiekdirouting 3.1 DC Operation
and storage were not studied in this paper. The DC receives orders from different customers tha
Using a genetic algorithm integrated in a cloudeldas range from transnational retailers, such as WaltMar
system, Leung et al. [28] consolidated orders @merated final individual customers. The order mix, sizeddimes
operating guidelines based on storage locatiorgiweind vary considerably, complicating the order fulfilnen
volume of items. Through the provision of pickifigtd to  Based on historical data, Table 1 shows the nuofdires
perform batch picking, the order processing timeadt per order and their probability of occurrence.
time) and traveling distance were reduced sigmfigaNo

other DC policies aside from batch picking werelwd. Table 1 Order lines and their probability of occence
The common aspects of the cited research are: they ORDER LINES PROBABILITY
study basic DC layouts, except for Chackelson.gpal; P(X)
they only considered picking time as part of order 1-2 A3
fulfilment time, except for Pedrielli et al. [26hd Leung 3-5 A2
et al. [28], excluding other processes such asipggck 6-10 17
sorting, and consolidation. For that reason, welysta 11-2C A€
system with a complex layout (a semi-automated g t 21-50 .29
includes picking zones with different configura&dn 51 OR MORE A1

where picking, packing, sorting and consolidation
processes times are considered as part of the’'srder The DC works 24/7. The average number of orders
fulfilment time. received per day is 400, which translates into
approximately 9,500 order lines to be picked daiynce
3 System description and simulation model an order is received, it is released following FIFe.
The simulation model analysed in this research h&s$gure 1 shows the order fulfilment process:
been built based on the DC operations of a Hard&are

Orderis | o . . L . || Order | | Orderready
released Picking Packing Sorting consolidation to ship

Figure 1 Order Fulfilment Process

The order fulfilment process takes place within 7 efirkd zones (see Figure 2):

~ 105~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 6 2019 Issue: 4 Pages: 103-114 ISSN 1339-5629

EVALUATING THE IMPACT OF ORDER PICKING STRATEGIES ON THE ORDER FULFILMENT TIME: A
SIMULATION STUDY
Mercedes Urzia; Abraham Mendoza; Akbal O. Gonzalez

7R

Figure 2 DC layout and defined zones

» Picking picking zones.

0 Zone 1 (Z1): Storage of medium and large items 0 Zone 5 (Z5): Packing 2, for medium items.
(objects with a volume greater than 90,000°cm 0 Zone 6 (Z6): Packing 3, for orders with 3 or more
such as hydraulic jacks and high-pressure order lines and items picked from AS/RS and smalll
COMpressors). items picking zones.

0 Zone 2 (Z2): Storage of small items (objects with a Sorting & consolidation
volume between 24,000 érand 90,000 c# such 0 Zone 7 (Z7): 11 different docks are located at the

as drilling machines and tool boxes). south area of the DC; different items of the same
0 Zone 3 (Z3): AS / RS (objects with a volume below order are consolidated for later shipment.
24,000 cm, such as dies and screwdrivers).
» Packing Items flow between packing zones (Z4, Z5 and Z@) an

0 Zone 4 (Z4): Packing 1, for orders with 1 or 2 erdeorder consolidation & loading (Z7) using a convesind a
lines and items picked from AS/RS and small itemsortation system (see Figure 3).

.:_'25 -'-I":H

47— 47 | I I S— ) <] A W -_i_’.'.l_'ﬁll -'-',;ll -_'F'il
-

| R .
‘ [ =1

M. L] f m " m - M =
Figure 3 Conveyor and sortation system

3.2 Simulation Model: Specifications

Input information for simulation model was retridve 3.2.1 Operators
from 6,758 real orders (154,325 picks) fulfilledtia¢ DC A total of 46 operators (Table 2) are involved e t
from 16th to 31st of March 2018. Flexsim's Expeit F fulfilment process. Dispatcher objects and prodéss
module was used to statically analyse data; Chiwsgiest tools are used in the simulation model to contia t
was performed to assess the goodness of fit afliteened sequence of the operators’ tasks.
statistical distributions.
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Table 2 Flexsim Operators (Resources) Configuration

UNLOAD TRAVEL TRAVEL
OPERATION ZONE RESSIU%FCES Izgég(;—lijl\lﬂjg) TIME VELOCITY VELOCITY
(SECONDS) EMPTY (M/S) LOADED (M/S)
Medium and
PICKING large items 5 N(14.8,4.9,0) 3 2 2
PICKING Small items 15 N(15.55,4.41,0) N(4,.98,0) 1 1
PICKING AS/RS 2 0 0 2 2
PACKING Packing 1 4 1 1 2 2
PACKING Packing 2 2 0 0 2 2
PACKING Packing 3 7 0 0 2 2
ORDER
CONSOLIDATION & Consolidation 11 0 0 2 2
LOADING DOCKS

Notes:

1. Loading operation, performed by freight carriggout of scope of this simulation.
2. Picker operators use buckets to retrieve smadiycts and dollies for large and medium items.
3. N(mean, standard deviation, strealNgrmal distribution.

3.2.2 Picking zones
The picking of items takes place amongst three Storage of small items (Z2):

different zones, each one with particular features: 0 This zone is a multi-storey warehouse (see Figure
» Storage of medium and large items (Z1): 4) with a very low percentage of automation.
0 40 rack objects of different dimensions are used to o Each story has 6 rack objects and 6 queues (staging
emulate the storage of medium and large items. zones) where picking process is simulated.
These items do not stream through the conveyor o Picking time follows a uniform distribution with a
and sortation system. lower limit of 7.81 seconds and an upper limit of
o Picking process time is composed of the time the 13.33 seconds.
picker uses to load, transport and unload a o Picking process, of an order line, is started when
requested item. there is an available picker operator.
o Once a picker completes an instruction, picked o0 Once a picker completes an instruction, picked
items are sent, using dollies, to Packing 2 (Z5) items are sent in buckets, through conveyors, to
(medium items) or to order consolidation & Packing 1 (Z4) or Packing 3 (Z6).

loading zone (Z7) (large items).

Figure 4 Flexsim representation of the multi-storegrehouse
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3.2.3 Packing zones

zones, depending on the characteristics of the artkthe

size of the items. Following is a description ofclea
packing zone:

Packing 1 (Z4):

At this location items belonging to orders with 120

Figure 5 Fiexsim representation of the AS/RS

AS/RS (Z3):
With the objective of a more realistic emulationtioé

AS/RS, several other Flexsim’s objects were used
to build system (see Figure 5):

4 racks, with an available aisle between each pair
of racks. Each rack has 2000 positions for storage.
Each aisle has an elevator that stores/retrieves bi
The elevator transports bins through the different
rack’s bays and levels. This elevator was simulated
using 20 Basic Task Executer objects and illustrate
with spheres.

At ground level (Figure 5), 2 picking stations are
located, each of them was simulated using 6
processors, a queue and an operator. .
The picking process time follows a discrete uniform
distribution with a lower limit of 3 seconds and an
upper limit of 10 seconds. A conveyor is used to
transport items between racks and the picking
stations (velocity = 0.17 m/s).

0 2 separators, to separate items from picking

buckets. Items are packed, and buckets are released
to picking zones.

2 racks, to put together items of a same order that
arrive in different buckets. The racks emulateck pi

to light system.

2 combiners, to pack items in boxes. The process
time follows a normal distribution with a mean of
34.6 seconds and a standard deviation of 6.69
seconds.

2 output conveyors that transport the packed items
to the sortation system.

Packing 2 (Z5):
Medium items are packed at this location. Several

Flexsim objects with specific tasks were used to

simulate this zone:

1 queue, where items waits until a packing operator
is available.

2 processors, which pack items following a normal

distribution with a mean of 50 seconds and a

standard deviation of 10.9 seconds.

2 output conveyors that transport the packed items
to the sortation system.

Packing 3 (Z6):
At this location items belonging to orders with 8 o

more order lines, picked from the AS/RS (Z3) or
small items storage zone (Z2), are packed. Several
Flexsim objects were used to simulate the zone:

2 input conveyors for items coming from the AS/RS
(Z3) or the small items storage zone (Z2).

1 queue, where items wait until a packing operator
is available.

7 processors, which pack items following a normal
distribution with a mean of 35 seconds and a
standard deviation of 7.8 seconds. A setup of 35
seconds is performed at each processor, every fifth
item.

2 output conveyors that transport the packed items
to the sortation system.

3.2.4 Conveyor and Sortation System

Picked items are transported to 3 different packing When an order is fulfilled through batch pickinggnms
need to be sorted and then consolidated in a dietedm
area. This sortation can be performed with thestesste of
an automated system of conveyors [3]. Additionalhi®
conveyors, control mechanisms and software argrated
to transport and assort items through the facilihe DC's

lines, picked from the AS/RS (Z3) or small itemsconveyor and sortation system were emulated usirg t
storage zone (Z2), are packed. Several Flexsifollowing configuration:

objects were used to simulate the zone:

0 The velocity of the conveyor and sortation system i

2 input conveyors for items coming from the AS/RS  0.37 m/s.

(Z3) or the small items storage zone (Z2).

o The following areas are inputs to the conveyor and

0 2 queues, where items wait until a packing operator sortation system: Small items storage zone (Z2JR&S

is available.

(Z3) and all packing zones (Z4, Z5 and Z6).
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0 The final section of the conveyor and sortatiorntesys

having a performance indicator isolating this psscean

is composed by 11 ramps (Flexsim conveyors) thételp to contrast with the order fulfilment lead-&m

transport the packed items into the order consiitida

area.

Picker’s idle percentage time this indicator helps to
assess the balance of workload between operators.

o0 Many decisions points are located through all the

system to manipulate the flow of items (Figure 6).

#% Decision Point Properties - (m] x

4> | DPSorterPack |

Dedision Paint Type | Custom ™
Decision FointType  Labels General

Ttem Edge Center .

»

Color

On Arrival P
‘ Case Function |item.empacado

Setup Cases

On Reset
Case

| Default

\
On Cantinus |
|
\

On Message
Destination |current.outObjects{5]

>~

Case [1

Destination | current.outObjects[1]

-

Case [2

Destination | current.outObjects[Z]

-’

Case

R
gllw
3
5
o
[

Destination rrent.outObjects[3]

-2

Case

al[s
&
L
g
8
2

Destination ent.outOhjects[4]

= M

Case | |

Destination | current.outObjects[5]

Tl
i d
(7] ADDIY oK

Figure 6 Conveyor and sortation system configuratio

Cancel

3.2.5 Consolidation and loading docks
In this area of the model, the packed items artetbio

11 different consolidation/loading docks, accordioghe

order they belong and the freight carrier that \élused

to ship to customer. The following Flexsim objeatsre
employed to build each consolidation/loading dock:

0 4 queues.

o 15 combiners, where 15 different orders can
consolidated at the same time.

0 1 source to create the pallets that serve as ainento
all the order lines consolidated in their corresjmnt
order.

o 1 sink, serving as the final destination for orderthe
DC, and where their fulfilment time ends.

4.2 Strategies and Scenarios
Three main strategies are proposed to optimize the

system performance:

1. Slotting, storage of SKUs following a class-based
logic.

2. Wave picking, batching similar orders using different
criteria such as location of SKUs.

3. Expedite pickingthrough balancing pickers workload.
Levelling the assignment of tasks among pickers
releases possible bottlenecks.

Two scenarioswere analysed:

1. Baseling which represents the current operation.

2. Projected, which considers the implementation of the
proposed strategies, in conjunction, based on the
research of Dukic and Oluic [24] and Chackelsoal et
[25].

15 days of historic orders are simulated, for both
scenarios, using Flexsim sources with scheduledadsr
It is assumed that the infrastructure and humaouress
remained the same for both scenarios. The implatient
of each strategy in both scenarios is now explainedore
detail:

4.2.1 Strategy 1: Slotting
Baseline scenario:
There is no slotting; products are stored in a oamd

bf@shlon with no other strategy besides their spne

weight. Of the total order lines, 19% are storedthn
medium and large items storage zone (Z1), 61% én th
small items storage zone (Z2) and 20% in the ASZES.

» Projected scenario:
Items were classified following an ABC system based

Notice that loading of trucks and shipping is ofit 0(1)n two criteria:

scope of this study.

4 Experimental Design
4.1 Key Performance I ndicators

Since the primary goal for the company under

consideration is to achieve a best-in-class custserwice
level, through expedited fulfilment of orders, weasure
the order fulfilment time . This time includes: picking,
packing, sorting and consolidation processes.

Additionally, other KPIs were also used to evaluhte
effectiveness of the proposed strategies:

Order lines picked per man-hour. this indicator
measures workload and velocity of pickers.

Average picking time per order. picking is the most
time-consuming activity in the fulfilment of an e

Frequency, the number of times an item is requésted
a given time period (three times a day, daily, igek
monthly).

2. Hits, the number of daily picking events for anrite

The second criterion is used to consider the times
picker travels to an item location, depending anitem’s
requested quantity by an order. This is importanbe
weighted given that some items only need one pickin
event per order, while others need several pickiants,
affecting the distance travelled by a picker tdilfudn
order.

25 item categories were identified, and slottings wa
modelled by picking zone following the next appitoes
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Medium and large items storage zone (Z1): itemh wit With the purpose of avoiding saturation of the
a higher hierarchy are placed in the “Golden Zamel  conveyor/sortation system, waves are made up of
at locations near packing. These items are alspaximum 250 orders.

distributed through parallel racks to avoid pickers

traffic. 4.2.3 Strategy 3: Balancing picker’s workload

Small items storage zone (Z2): items with a higher Baseline scenario:

hierarchy are placed in the “Golden Zone”, at thgm Operators are assigned to fixed aisles in all zoifies
side of the picking zone in order to facilitate the they are idle, they cannot pick items from other
replenishment of inventory. aisles. A study of utilization of different picking
ASIRS (Z3) was considered out of scope of theisiptt operators in the current system discovered that
strategy. pickers in the medium and large items storage zone

(Z1) have unequal workloads.

4.2.2 Strategy 2: Wave picking

e Baseline scenario: . Projectet_j scenario: _ _
Orders are batched in groups of 150, following dfilyO Pickers in the medium and large items storage zone
rules. (Z1) are not assigned to fixed aisle(s), they dak p

from any aisle in order to expedite picking.
Projected scenario:

Orders are batched and released for fulfilmentgsie 5 Results

following criteria: Table 4 shows order fulfilment time per order. Neti
- Order size (number of order lines). Orders wittyonlthat there is a reduction of 55% in the averageerord
1 or 2 lines are given priority. fulfilment time per order by implementing the prepd

- Order line aisle location. Pickers are given ordestrategies. Yet, the maximum time achieved by the
lines placed in a same aisle with the objective gfrojected scenario is equivalent to 12.56 hourd.(@&nin).
minimizing travelled distance. This time is still far above the best in class etpe time

- Order line weight. Buckets are used in Z2 td8 hours), however if we segment the number of rerde
transport picked items. Ranking order lines basetbmpleted by time ranges (see Table 5), we obsbiate
on weight contributes to less buckets flowing alongvhile only 35.8% of Baseline Scenario orders (1#4916)
the DC. are completed in 8 hours or less, 93.9% of therer(891

- Order line ABC category. Orders with items withof 416) are fulfilled in 8 hours or less in the jeaed
higher frequency/hits are given priority duringscenario, contributing mostly to a best-in-classtamer
picking operation. service level.

Table 4 Order fulfilment time (min) per order
BASELINE SCENARIO PROJECTED SCENARIO

MINIMUM 1.1 1.55
MAXIMUM 1224.31 754.1
AVERAGE 503.74 225.09
Table 5 Number of orders completed in given tinmges
BASELINE SCENARIO PROJECTED SCENARIO
ORDEF LINES PER ORDEI| 0-8hrs 816 hrs 16-24 hrs Total 0-8 hrs  8-16 hrs Total
1-2 57 6 0 63 63 0 63
3-5 30 20 1 51 50 1 51
6-10 30 46 1 77 76 1 77
11-20 21 60 3 84 83 1 84
21-50 9 77 10 96 90 6 96
50 OR MORE 2 34 9 45 29 16 45
TOTAL ORDERS 149 243 24 416 391 25 416
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The studied DC has automated equipment thabth scenarios. Notice that there is an improvenaént
accelerates the fulfilment of orders, but the psscalso 69.25% (on average) in the pickers productivity, in
relies on 46 operators. The proposed strategiesfibenh accordance with the reduction of the time needéfdlfib
the manual tasks making the workforce more prodecti one order.

Table 6 shows therder lines picked per man-hourfor

Table 6 Order lines picked per man-hour

BASELINE PROJECTED
SCENARIO SCENARIO

MEDIUM & LARGE ITEMS PICKER 1 16.81 49.75
MEDIUM & LARGE ITEMS PICKER 2 16.23 49.56
MEDIUM & LARGE ITEMS PICKER 3 29.96 33.71
MEDIUM & LARGE ITEMS PICKER 4 30.03 33.46
SMALL ITEMS PICKER 1 22.07 38.27
SMALL ITEMS PICKER 2 21.63 37.88
SMALL ITEMS PICKER 3 21.65 38.18
SMALL ITEMS PICKER 4 21.11 36.90
SMALL ITEMS PICKER 5 20.39 37.51
SMALL ITEMS PICKER 6 22.04 35.93
SMALL ITEMS PICKER 7 22.05 36.12
SMALL ITEMS PICKER 8 22.02 35.83
SMALL ITEMS PICKER 9 22.23 35.59
SMALL ITEMS PICKER 10 22.10 35.88
SMALL ITEMS PICKER 11 23.85 38.29
SMALL ITEMS PICKER 12 23.96 38.44
SMALL ITEMS PICKER 13 24.05 38.31
SMALL ITEMS PICKER 14 23.86 37.75
SMALL ITEMS PICKER 15 23.94 38.18
AS/RS PICKER 1 31.94 55.83

AS/RS PICKER 2 29.65 50.77

AVERAGE 23.41 39.6-

As stated before, the most demanding activity | th(205.5/ 225.09) of the time it takes to fulfil amder,
order fulfilment process is the picking time pedar. Table picking process is being executed, which suppbesthis
7 shows a comparison of the picking time per ofaleboth  is the most time-consuming activity in the fulfilnte

scenarios. process.
Levelling labour workload for pickers in the medium
Table 7 Picking time (min) per order and large item picking zone (Z1) has an importéeteon
BASELINE PROJECTED the percentage of pickers idle time (see TabldrB}jhe
SCENARIO SCENARIO  baseline scenario, the idle percentage time betpie&ers
MINIMUM 0.16 0 varies by 49% (20% vs. 69%); whereas in the pregbct
MAXIMUM 1209 733.52 scenario, it only varies 1% (3% vs. 4%). Also,sitclear
AVERAGE 491 205.5 that the idle percentage with respect to othewitiess in

both scenarios is considerably different, beingmiower
The proposed picking strategies help to achieve i t_he projected scenario. This is pecause morersrare
reduction of 58% on average picking time. As wethie fqlfllled throughout the day, increasing the wordiofor all
average picking time is compared with the totaletitn ~ PiCKers.
fulfil an order (Table 4), we can see that durimg $1.29%
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Table 8 Operators’ utilization

BASELINE SCENARIO PROJECTED SCENARIO

= o = o

E| 8| g g g | % o 2

s 28 s | e|EE]E] 5|
OPERATORS| 5 - 3 g 3 5 - 3 g 3

> > o z > > o =

® o - - @ s - -

= = i =
PICKER 1 9% 21% 5% 1% 65‘;] 3% 42% 489% 4% 3%
PICKER 2 7% 19% 5% 0% 699 3% 42% 48% 4% 3%
PICKER 3 5% 40% 30% 2% 239 5% 56% 32% 3% 4%
PICKER 4 5% 41% 32% 2% 209 5% 56% 33% 3% 4%

From the results above and as measured by theedefira larger number of orders. Recall that these imgrmnts
KPIs, we observe that by implementing the proposedere achieved by keeping the same infrastructue an
picking strategies the company achieved a betttuman resources. In general, there are many economi
performance. The reduction in order fulfilment timeadvantages that may result from reducing ordeiirfught
provides the company with the opportunity to paglyt  time: significant reduction in inventory, less \aility in
manage and satisfy an increased number of curréht demand, less expedited orders, among others.
customer orders or open new markets to additional Although the combination of the three picking
customers. In fact, the implementation of the psgglo strategies achieve important results, only 94%efdrders
strategies will allow the company under study fetsome are completed in less than 8 hours, which is thddadass
orders from important customers that had not bakant standard pursued by the company. Further studies ar
previously because of the inability to respond iin@ely needed to develop strategies that help achieve 160%
fashion. Moreover, the company knows that to slig &  orders completed in less than 8 hours. Some patenti
their competitive market, they need to continue tstrategies for future work are the following: Siugt
implement world-class initiatives, like the propdse this  strategy for items stored at AS/RS (Z3), balancekisad
study. of all picking zones (Z2 and Z3), (the current gtuely

Likewise, improving the number of order lines pidke considered this strategy for the medium & largenge
per man-hour, in particular, translates into gneatetorage zone (Z1)) and lastly, analyse and progifieeent
employee productivity, reducing idle time whilerieasing picking strategies when orders of 50 or more olides are
resource utilization. This again may bring someraxt received (this type of order is yet out of the 8utso
benefits such as: increase the ability to recengesatisfy standard).
more orders, increase company's profit, which atiehy, Finally, even though the focus of this researcloris
could serve to provide more competitive salarieswages measuring response time to costumers, future studie
to employees. In general, there are many economsbould be conducted to evaluate quality-orientedsKP
advantages that may result from reducing ordeilridht  such as fill order rate and customer satisfaction.
time: significant reduction in inventory, less \adility in
the demand, less expedited orders, among otheis. TReferences
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