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Abstract. Warchouse performance measurement is needed to improve performance of logistics system. In
order to improve warehouse performance, it is necessary to identify Key Performance Indicator (KPI).
Different warehouses have different KPI, therefore this research aims to identify the most important KPI of
warehouse so that warehouse manager can determine corrective actions in their warehouse efficiently and
effectively. In this research, 25 KPI of warehouse are identified in five warehouse activities based on Frazelle
model. The most important KPI are then determined in each warehouse activity using Analytical Hierarchy
Process (AHP). Warehouse performance are measured and final score is determined using SNORM.
Improvement steps are proposed base on benchmarking among warehouses. Warehouse performance
measurement is conducted in 5 construction’s material warehouses located in Yogyakarta, Indonesia. From
this study, it is found that most important KPI for receiving is productivity (receive per man-hour), KPI for
put away is cycle time (put away cycle time), KPI for storage is utilization (% location and cube occupied),
KPI for order picking is cycle time (order picking cycle time) and KPI for shipping is productivity (order
prepared for shipment per man-hour). Improving warehouse performance could be done by comparing
warehouse performance with the best performance among peer group.

on five different construction material warehouse located
in Yogyakarta, Indonesia.

1 Introduction

The increasingly competition requires company to
improve their logistics performance. One of the important
component in logistic performance is warehouse
performance. Good warehouse performance will improve

2 Literature Review

quality performance, delivery time, customer satisfaction
and reduce cost in logistics system [1]. Warehouses are
dedicated space for storage and handling of materials. In
supply driven chain, warehouses hold stocks to feed
internal department such as manufacturing and
production. In demand-driven chain, warehouses store
goods to fulfill the needs of external customers [2].

Due to the increasing complexity of logistic network,
the warehouse performance analysis has become an
important issue [3]. Warehouse performance evaluation
has been studied in different ways by many researchers.
Each focuses on different studies, in term of objectives,
indicators, warehouse systems, measuring instruments
etc. Regarding all this diversity, there is not a consensus
of a group of measures used to assess warehouse
performance [4]. Different types of warehouse require
different indicators/metric. Therefore, this research aims
to identify the most importance key performance
indicators for warehouse in order to help warehouse
manager to improve warehouse performance effectively.
This paper studies warehouse performance measurement
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2.1 Warehouse Activities

In general, warchouse activity consists of receiving, put
away, storage, picking and shipping [5] Receiving is
operation that involve the assignment of trucks to dock
and the scheduling and execution of unloading Activities
[6]. Put away is activity of placing a product or material
that has been purchased in the warehouse. This activity
including material handling activities verifying the
location of the product material and the placement of the
product [5]. Storage is movement of material from
unloading area to its designated place [7]. Order Picking
is order preparation. It is regarded as the main and labor-
intensive activity of warehouses [8, 9]. Shipping is
activity that involves scheduling and assignment of trucks
to docks the orders, packing after picking and the loading
of trucks [6]. Warehouse activity based on Frazelle model
[5] is depicted in Figure 1.
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Fig.1. Warehouse activity [5]

2.2 Warehouse Performance Measurement

A warehouse performance measurement is a method to
measure activity performance, program or service which
is provided by a warehouse. Performance measurement
system as the sets of metric used to quantify both the
efficiency and effectiveness of action [10]. Performance
measurement can be divided in 4 categories: input, output,
efficiency and effectiveness [11]. In general, efficiency
and effectiveness is the most widely utilized as a measure
of performance [11, 12].

There are many methods for classifying warehouse
performance measures. Performance warchouse based on
traditional logistics performance measures include 'hard'
and' soft' metrics. The first one treats quantitative
measures such as order cycle time, fill rates and costs; the
second deals with qualitative measures like the manager's
perceptions of customer satisfaction and loyalty [13]. [14]
distinguishes over direct and indirect indicators, where
hard indices as indirect indicators. Different
classifications are given by [15] that classify the
performance of the warehouse into 130 indicators. In line
with traditional logistic performance and direct
performance, Frezelle model classify performance
measured into 25 KPIs throughout the warehouse activity,
i.e. financial, productivity, utilization, quality and cycle
time.

Until recently, there is no agreement among researcher
which KPI suitable for warehouse. Therefore, this study
aims to identify the KPI on warehouse, especially for
construction material’s warehouse. In this research, we
will measure hard or direct indicator using Frazelle model
because it is in line with measure proposed by previous
researcher and considered relevant for construction
material warehouse. According to Frazelle model,
warehouse key performance indicator (KPI) is shown in
Figure 2.

3 Warehouse Performance Measurement in
Construction Materials Warehouse

In this study, performance measurement is conducted in
five warehouses that store construction materials such as
brick, paving blocks, piles and concrete electric poles.
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Fig.2.Warehouse Key Performance Indicators [5]

Step 1. Identifying importance weight of KPI. A
questionnaires of pair wise comparisons among indicators
(KPIs) is prepared and a total of five senior manager of
construction materials warechouse were asked to give their
preferences on the questionnaires. The scale of 1 to 9 (1
= equally, 3 = moderate, 5 = strong, 7 = very strong, 9 =
extreme) is utilized to rate the preferences of the expert.
Consistency Ratio (CR) is used to check the consistency
of the comparison. CR less than 0.1 means that
comparison is accepted. The results of questionnaires is
analyzed using Analytical Hierarchy Process (AHP)
model. Analytical Hierarchy Process was first introduced
by Thomas L. Saaty in 1971 and became the most widely
method for Multiple Criteria Decision Making (MCDM).
It is a decision-making approach that is designed to find
solutions to complex problems with multiple criteria into
multiple domains. It is also known as an essential tool for
practitioners and academics to conduct research in
decision making and measure management theory.
Analytic Hierarchy Process as a flexible problem-solving
methods [16]. The result of importance weight of each
KPIs can be seen in Table 1.

Table 1. The importance weight of each warehouse KPIs

Activity Finan- | Produc- | Utili- | Quality | Cycle
cial tivity zation time
Receiving | 0,19 0,41 0,08 0,16 0,17
Put Away | 0,12 0,23 0,19 0,14 0,32
Storage 0,15 0,17 0,34 0,20 0,13
Order 0,16 0,18 0,15 0,20 0,31
picking
Shipping 0,14 0,30 0,16 0,24 0,15

Step 2. Determining the most important KPI for
warehouse. It is carried out by selecting the highest weight
among KPI on each warehouse activity. KPI with the
highest weight regarded as the most important KPI. KPI
for receiving is productivity (Receipt per man-hour), KPI
for put away is cycle time (put away cycle time), KPI for
storage is utilization (% location and cube occupied), KPI
for order picking is cycle time (order picking cycle time)
and KPI for shipping is productivity (order prepared for
shipment per man-hour).

Step 3. Measuring warehouse performance using
selected KPIs. Warehouse performance is measured using
selected KPIs and then scored them using standardized
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method, i.e SNORM based on benchmark data among Table 2. Warehouse performance
warehouses. The process of normalization (SNORM) De

Boer [17] employed scale of 0 to 100 to get the value of KPIs WHI WH?2 WHS WH4 WHS
each metric with the following formula: Receipt per
man-hour 5,56 187,5 945 187,5 333
: unit/hour
Larger is better ¢ )
Put away
. . . . cycle time 1,52 3 2,5 2 10
Snorm=((Si—SMin)/(Smax—SMin))x 100 (D (unit/hour)
L isb % location
ower 1s better and cube 75 60 65 833 462
_ . . occupied (%)
Snorm=((SMax—Si1)/(SMax-Smin))x100 2) Order picking
cycle time 05 3 1,5 1 28
where, (unit/order)
. Order
Si = average value prepared for
S max = the value of achieving the best performance shipment per 6,44 93 187,5 162,5 226
indicators man-hour
S min = the value of achieving the worst performance (unit/hour)
indicators Receipt per
. man-hour 5,56 187,5 945 187,5 333
The performance of each warehouse presented in (unit/hour)
Table 2. Final score of warchouse performance is average Put away
of each score of warehouse activity as presented in Table cycle time 1,52 3 25 2 10
3. (unit/hour)
. P -
Base on the result, improvement of warehouse 70 location
and cube 75 60 65 43,33 46,2

performance could be executed through benchmarking

occupied (%)
based on the final score of each warehouse.

Order picking

Benchmarking is a measure for improving performance cycle time 0,5 3 1,5 1 28
by learning from best practices and understanding the (unit/order)
processes by which they are achieved [18]. There are 7 Ordzr .
. . prepared for
types of b;nchmarkmg, one of th;m is called process shipment per | 644 93 1875 1625 6
benchmarking. Process benchmarking is used when the man-hour
focus is on improving specific critical processes and (unit/hour)
operations by learning from best practice organizations
that perform similar work or deliver similar services [19]. Table 3. Performance score using SNORM

Therefore, in this study, process benchmarking is
. KPI WH1 | WH2 | WH3 | WH4 | WHS

employed by comparing each warehouse performance -
activity/operation with the best activity performance Receipt per
among peer group. man-hour 0 19.04 | 100 | 19.04 |34.08.00

Referring to the warehouse score as presented in Table (unitthour)
2, warehouse 1 has the best performance on the activity of Put  away]
put away, storage and order picking. While warehouse 3 cycle timef 100 ]64.06.00]88.04.00(94.03.00 0
has the best performance in receiving activity. Warehouse (unit/hour)
5 is the best warehouse on shipping activity. This result % location|
can be used by the Warf?house manager to improve its and .cube 100 152.06.00l 63.04.00 0 09.01
performance by referring to the best warehouse occupied
performance. The highest performance on each activity (%)
could be a target setting for other warehouses in order to Order
improve their performance. The advantage of process picking
benchmark in this study is simple and easy to do. cycle time 100 189.01.00196.04.001 98.02.00 0
However, it is only useful for the short term improvement, (unit/order)
not for long term. A more advanced benchmarking
method is using mathematical model such as Data Order
Envelopment analysis (DEA) which is a tool for the prepafed
evaluation of the performance of an activity within a unit for shipment| 01.03 182.05.00171.01.00] 100
of entities or organizations [20]. DEA is a mathematical per  man-
model by calculating the efficiency level and can be used hour
for benchmarking with clear and objective methodologies (unit/hour)
[21]. This can be an opportunity for further research. ‘Average

Score 60 45.04.00| 87.01.00] 56.06.00] 28.08.00
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4 Conclusion

Warehouse activity improvement can be done based on
the most important KPI in each activity. This is to
facilitate warehouse managers in determining strategies
and actions to improve warehouse performance. From this
research, it is found that the most important KPI for
receiving is productivity (receive per man-hour), KPI for
put away is cycle time (put away cycle time), KPI for
storage is utilization (% location and cube occupied), KPI
for order picking is cycle time (order picking cycle time)
and KPI for shipping is productivity (order prepared for
shipment per man-hour).Based on the KPI’s score,
warehouse performance improvement can be done
through process benchmarking. Although this research
is focused on measuring performance in construction
materials warehouse, the result and methodology can be
employed for other type of warchouses. Further research
is to improve warchouse performance through
benchmarking using mathematical methods, such as Data
Envelopment Analysis.
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