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Abstract
The logistics operations market is highly competitive essentially due to the reduced profit margin
in each operation. In a market with these characteristics it’s vital to gain and sustain market share,
allowing the longevity of the organization. As so, the implementation of performance indicators is
an opportunity for the company to have a clear picture of its performance, get to know its flaws
and fix them, allowing sustained growth.
It’s in this context that the problem studied in this dissertation appears. Agility wants to enhance
its warehouse performance, ensuring higher service levels to its customers, the company’s main
goal.
The following document is structured in the following way: framing of the problem in hands, with
focus on the operations in a logistics warehouse, a revision of the state of the art of the areas
considered relevant for this study, such as supply chain management, logistics activity models,
Key Performance Indicators and dashboards.
In addition, Key Performance Indicators suited to monitor warehousing operations will be
developed and implemented. Picking and expedition will be some of the areas in focus.
Translating the values given by those KPIs will be the last topic touched by this dissertation.
Global Performance Indicators will be developed and explained.
Keywords: Warehouse, Performance Indicators, Internal Logistics, Supply Chain Management,
Third-Party Logistics
1. Introduction
In
a
business-to-business
(B2B)
relationship, loyalty and a steady flow of
orders are harder to find than ever before. At
the same time, customers’ demands have
never been higher. The continuous growth of
online distribution channels is leading to a
reduction in response time and is forcing
supply chain managers into looking for
innovative solutions.
Nowadays, a supply chain must be quick,
efficient and flexible. This means the multiple
stakeholders must work together in the

design, production and in order delivery,
reaching higher customer satisfaction along
the way. PwC (2013) shows that companies
that value their supply chain as a strategic
asset achieve 70% better financial
performance than those who don´t, showing
the importance of a supply chain in a
companies’ success.
As such, the continuous improvement of
supply chain activities has become a critical
task for most stakeholders in order to gain or
sustain competitiveness (Cai et al. 2009).
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Due to the increasing rate of deals done in
the present, it’s important for companies to
develop and implement performance
indicators, making it possible to measure
their performance. Most companies already
use performance indicators, although most
of them only use financial metrics. In a global
market such as the one most companies
operate nowadays and in business models
that empower the customer it’s important to
develop non-financial indicators (Kao &
Hung, 2007).
It’s in this context that this study becomes
relevant. Agility is a company dedicated to
logistics. This market is highly competitive
not only because of the creation and growth
of small companies but also due to the
consolidation of the market share of the big
players in the market. In a market with such
characteristics is vital to gain and then
sustain market share that allows the
company to flourish.
2. Literature Review
2.1. Supply Chain
In constantly evolving globalized market like
the one that exists today, it’s extremely
important to place the right product in the
right place in the right time. As so, the supply
chain is a vital component of each business
(Gunasekaran & Ngai, 2004).
A supply chain is a complex system where
suppliers,
producers,
warehouses,
distributers and retailers all work together to
fulfil customer needs (Sukati et al., 2012). In
addition to assets, in this complex system
flows a huge amount of information. The
performance of a supply chain is directly
influenced by how all of this information is
managed.
Vonderembse et al. (2006) suggest that
three types of supply chain are needed
depending on the product. The authors state
that
standard
products
(simple,
undifferentiated) should be produced in a
lean supply chain. This type of supply chain
embraces continuous improvement and
focus in eliminating waste along the multiple
stakeholders.
Innovative
products
(technological and complex) should be
require an agile supply chain. This kind of
supply chain responds quickly and easily to
changes in global markets mostly because
of the great flexibility between companies.

Lastly, hybrid products (high complexity,
multiple parts from different companies)
need a hybrid supply chain. This type of
supply chain combines aspects of both lean
and agile supply chains.
2.2. Logistic Activities Management
Models
The primary activities that are part of
logistics management are the warehousing
and handling of raw materials and finished
products, planning, order shipment, stock
management and inbound and outbound
transportation (Vitasek, 2013).
Regarding this activities, companies must
decide if they want to do them in-house (with
their own resources) or if they want to enter
an agreement with a second company in
order to perform such activities (Wilding &
Juriado, 2004). These last authors are
responsible for a study, in likely to be
performed in-house and which ones the
companies were most likely to outsource.
Recently, Capgemini (2016) performed a
similar study and the results are basically the
same, and can be seen in figure 1.

Figure 1 - Activities most likely to be outsourced

As seen in Figure 1, transportation and
warehousing are the activities most likely to
be outsourced. On the other hand,
information management is one of the tasks
companies are least likely to outsource. The
option between performing activities inhouse or outsourcing them is a strategic
decision and takes into account multiple
factors, both internal and external
(Selviaridis & Spring, 2007).
Companies are in the constant lookout for
new solutions and strategies that allow them
to gain competitive advantage, and
outsourcing is one of those strategies
(Isıklar, Alptekin, & Büyüközkan, 2007). With
the evolution and sophistication of Supply
Chain Management, the hiatus between
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what companies want to do and what they
can do with their own means is increasing,
forcing companies to resource even more to
the outsourcing of activities that are not in
their core business (Aktas et al., 2011).
Outsourcing is growing at such pace that, in
2005, 80% of the Fortune 500 companies
stated that they were dependent of a 3PL for
some activities (Deepen et al., 2008).
As said before, the main advantage of
outsourcing logistics activities is that allows
a company to focus their resources in their
prime tasks. In addition, by opting for
outsourcing
companies
can
reduce
equipment and labor costs, as seen in Table
1.

competition between companies, short
production cycles and even shorter times
between production and market entry have
greater impact on supply chain than ever
before (Dotoli et al., 2015). Given the
complexity of this picture, companies are
allocating more resources into the planning
and design of warehouses, adapting them to
the type of product they’re supposed to
store.
Although warehouses have different ways of
operating, most of them has the same
pattern when talking about material flow, as
seen in Figure 2.

Table 1 - Cost reduction when outsourcing

Type of Cost

Cost Reduction
Figure 2- Material flow in a warehouse

Logistic
Inventory
Fixed Costs

11%
6%
23%

In an operational level, outsourcing allows
the reduction of inventory levels, lead times
and improves the service level in the clients’
perspective (Selviaridis & Spring, 2007).
In spite of its numerous advantages, when
outsourcing, companies are subjecting
themselves to multiple risks (Kremic et al.,
2006). Financial savings often aren’t as high
as expected, the contracting company tends
to lose control of its own logistics operations
and, most importantly, the contracting
company usually develops a dependency on
the outsourced company. Another risk
associated with outsourcing is the lack of
direct contact with the client.
2.3. Warehousing
With the expansion of the markets most
companies are present, is very likely that a
good is produced in on continent and
consumed in another (Ghiani, et al., 2004).
As so, warehouses are increasingly
important to assure that raw materials are
near the production plant when needed and
retailers can have their product ready to sell
when their customers want them.
Nowadays, factors like globalization,

2.4. Key Performance Indicators
Due to the small profit margins in the
logistics market, companies that operate in it
are under constant pressure to come up with
solutions that can increase the profitability of
the business. As a consequence,
measuring, monitoring and improving
efficiency are some of the main tasks
companies need to perform in the 21st
century (Andrejić, Bojović, & Kilibarda,
2016). Most companies achieve that by
implementing Key Performance Indicators.
Selecting the right indicators isn’t an easy
task. A wide range of indicators can lead to
huge amounts of information, reducing
efficiency. Another problem comes from the
correlation between indicators, as improving
one may lead to worst results in another
(Krauth, Moonen, Popov, & Schut, 2005).
A lot of the metrics used in performance
evaluation were designed to measure
operational performance and can be
grouped in 4 different categories: quality,
time, cost and flexibility.
3. Problem statement
The company in study tried to implement
performance indicators multiple times in the
past, but the project was always
unsuccessful. Currently, the only indicators
used in the company are financial and the
lack of operational indicators is what this
study intends to solve.
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3. Methodology
In order to solve the issues and propose
improvements on the companies’ current
scenario, a methodology needs to be
followed.
1. After
reviewing
the
relevant
literature topics, it was possible to
select some indicators that can suit
the company and its business model
and present them to the decision
makers.
2. After the selection process, the
selected indicators will be divided by
the stage of the operation they
belong: Reception, Warehousing or
Expedition. This division is done due
to the big differences between each
stage. For each stage an
aggregated indicator will be created.
The next steps are the ones needed
to achieve that.
3. In the 3rd step, with the input of the
decision makers, value functions
are developed for each one of the
indicators. This is achieved using
the Bisection method. With this
method it’s possible to understand
which are the scenarios the decision
maker prefers and which are the
least liked ones. The best is
awarded with 100 points, and the
worst gets 0. The 2nd best scenario
is awarded 75 points and the 3rd best
gets 50.
4. In the next step, weights are
assigned to each indicator, using
Swing Weighting. In this method, the
decision makers need to sort the
indicators by their preference. The
favorite is given 100 points and the
orders are given a score based on
the willingness of changing from the
worst to the best scenario in each of
the indicators. The last stage is to
normalize the weights, so that the
sum equals 1.
5. In the last step the additive method
of aggregation is used. With this
method it’s possible to get the
aggregated indicators.

4. Results
4.1 Selected Indicators
• Order Processing time (KPI8) – the time
between the moment an order is
received and the time it is shipped.
• Put-away time (KPI3) - the time between
the moment an item is unloaded from
the truck and the time it is stored in the
warehouse.
• Received Orders Accuracy (KPI2) – %
of orders in which the received items
are the expected ones. It’s given by:
𝑛° 𝑣𝑎𝑙𝑖𝑑 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠
𝑛° 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠

𝐾𝑃𝐼3 =

•

Receptions with damage (KPI1) – % of
received orders with damage. It’s given
by:
𝑛°𝑑𝑎𝑚𝑎𝑔𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠
𝑛° 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠

𝐾𝑃𝐼4 =

•

Put-away precision (KPI6) – % of items
stored in the correct location. It’s given
by:
𝐾𝑃𝐼5 =

•

𝑛° 𝑖𝑡𝑒𝑚𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛
𝑛° 𝑠𝑡𝑜𝑟𝑒𝑑 𝑖𝑡𝑒𝑚𝑠

Inventory precision (KPI5) – % of
locations in the warehouse in which the
listed stock is the same as the actual
stock stored. It’s given by:
𝐾𝑃𝐼6 =

•

Warehouse space utilization (KPI4) – %
of warehouse positions occupied. It’s
given by:
𝐾𝑃𝐼7 =

•

𝑛° 𝑜𝑟𝑑𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝑣𝑎𝑙𝑖𝑑 𝑝𝑖𝑐𝑘𝑖𝑛𝑔
𝑛° 𝑠ℎ𝑖𝑝𝑝𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠

Orders shipped with damage (KPI9) – %
of shipped orders with some kind of
damage. It’s given by:
𝐾𝑃𝐼9 =

•

𝑛°𝑜𝑐𝑐𝑢𝑝𝑖𝑒𝑑 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠
𝑛° 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠

Picking precision (KPI7) – % of orders in
which the picking is done without
mistakes. It’s given by:
𝐾𝑃𝐼8 =

•

𝑛° 𝑣𝑎𝑙𝑖𝑑 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠
𝑛° 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑤𝑖𝑡ℎ 𝑠𝑡𝑜𝑐𝑘

𝑛°𝑑𝑎𝑚𝑎𝑔𝑒𝑑 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠
𝑛° 𝑠ℎ𝑖𝑝𝑝𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠

On-time deliveries (KPI10) – % of orders
delivered when the customer wanted.
It’s given by:
𝐾𝑃𝐼10 =

𝑛° 𝑜𝑛 𝑡𝑖𝑚𝑒 𝑠ℎ𝑖𝑝𝑝𝑚𝑒𝑛𝑡𝑠
𝑛° 𝑠ℎ𝑖𝑝𝑝𝑚𝑒𝑛𝑡𝑠

4.2. Reception Aggregated Indicator
4.2.1 Value Function
For this aggregated indicator, KPI1 through
to 3 were used. Using the Bisection method,
we were able to create value functions for
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each indicator. The results can be seen in
the tables below.
Table 2 – Value function for receptions with damage

Value (Points)

Receptions with damage
(%)

100

5

75

10

50

12.5

0

25

The last step of this method is the normalization
of the obtained coefficients. For that the following
equation was used:
𝑝𝑖
𝑃𝑖 = 𝑛
, 𝑖 = 1,2,3
∑𝑖=1 𝑝𝑖
Where 𝑝𝑖 is the score of each indicator in the nonnormalized scale and 𝑝𝑖 is the weight of each
normalized indicator. The following results were
reached:
50
𝑃1 =
= 0.25
200
𝑃2 =

50
= 0.25
200

𝑃3 =

Table 3 – Value function for received orders accuracy

100
= 0.5
200

4.2.3 Additive method of aggregation

Value (Points)

Received Orders
Accuracy (%)

100

98

Using this method is possible to obtain an
equation that gives the desired aggregated
indicator, as seen below.

75

90

𝐼𝐴𝑅 = 0.25𝑣1 + 0.25𝑣2 + 0.5𝑣3

50

80

0

70

Where vi is the score of indicator in their
respective value function.
4.3. Warehousing Aggregated Indicator
4.3.1 Value Function
For this aggregated indicator, KPI4 through
to 7 were used. Using the Bisection method,
we were able to create value functions for
each indicator. The results can be seen in
the tables below.

Table 4 – Value function for put-away time

Value (Points)

Put-away time (h)

100

1

75

3

50

8

0

12

4.2.2 Swing Weighting
Now that value functions are created, the
next step is to assign weights to every
indicator. For that Swing Weighting was
used.
The indicator with more value for the
decision makers is KPI3, getting 100 points.
The weights for the other two indicators are:
𝑝1 =

50
𝑝
100 3

𝑝2 =

50
𝑝
100 3

Table 5 – Value function for warehouse space
utilization
Value (Points)

Warehouse space
utilization (%)

100

95

75

85

50

80

0

70
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Table 6 – Value function for inventory precision
Value (Points)

Inventory precision (%)

100

98

75

90

50

85

0

The last step of this method is the normalization
of the obtained coefficients. The following results
were reached:
30
𝑃4 =
= 0.12
245
𝑃5 =

35
= 0.14
245

𝑃6 =

80
= 0.33
245

𝑃7 =

100
= 0.41
245

75

Table 7 – Value function for put-away precision

4.3.3 Additive method of aggregation
Using this method is possible to obtain an
equation that gives the desired aggregated
indicator, as seen below.

Value (Points)

Put-away precision (%)

100

99

75

95

𝐼𝐴𝐴 = 0.12𝑣4 + 0.14𝑣5 + 0.33𝑣6 + 0.41𝑣7

50

85

0

75

Where vi is the score of indicator in their
respective value function.
4.4. Expedition Aggregated Indicator
4.4.1 Value Function
For this aggregated indicator, KPI8 through
to 10 were used. Using the Bisection
method, we were able to create value
functions for each indicator. The results can
be seen in the tables below.

Table 8 – Value function for picking precision
Value (Points)

Picking precision (%)

100

99

75

95

50

85

0

75

4.3.2 Swing Weighting
Now that value functions are created, the
next step is to assign weights to every
indicator.
The indicator with more value for the
decision makers is KPI7, getting 100 points.
The weights for the other three indicators
are:
𝑝6 =

80
𝑝
100 7

𝑝5 =

35
𝑝
100 7

𝑝4 =

30
𝑝
100 7

Table 9 – Value function for order processing time
Value (Points)

Order Processing time (h)

100

24

75

48

50

72

0

96

Table 10 – Value function for orders shipped with
damage
Value (Points)

Orders shipped with
damage (%)

100

5

75

10

50

12.5

0

15

6

Table 12 - Performance level for each indicator
Table 11 – Value function for on-time deliveries
#
Value (Points)

On-time deliveries (%)

100

95

75

85

50

75

0

70

4.4.2 Swing Weighting
Now that value functions are created, the
next step is to assign weights to every
indicator.
The indicator with more value for the
decision makers is KPI10, getting 100 points.
The weights for the other two indicators are:
𝑝8 =

75
𝑝
100 10

𝑝9 =

60
𝑝
100 10

The last step of this method is the normalization
of the obtained coefficients. The following results
were reached:
75
𝑃8 =
= 0.32
235
𝑃9 =

60
= 0.26
235

𝑃10 =

100
= 0.42
235

4.4.3 Additive method of aggregation
Using this method is possible to obtain an
equation that gives the desired aggregated
indicator, as seen below.

IAE

IAA

IAE

Performance
Indicator

Score

KPI1

Receptions with
damage

100

KPI2

Received Orders
Accuracy

100

KPI3

Put-away time

75

KPI4

Warehouse space
utilization

75

KPI5

Inventory precision

50

KPI6

Put-away precision

75

KPI7

Picking precision

75

KPI8

Order Processing
time

75

KPI9

Orders shipped with
damage

100

KPI10

On-time deliveries

75

It’s possible to observe that most of the
indicators have a good score, except for
KPI5, which can be explained by the recent
change of warehouse the company
experienced.
With the values from Table 12 it’s possible to
compute the value for each of the three
aggregated indicators, as seen below.
𝐼𝐴𝑅 = 0.25 × 100 + 0.25 × 100 + 0.5 × 75
= 87.5
𝐼𝐴𝐴 = 0.12 × 75 + 0.14 × 50 + 0.33 × 75
+ 0.41 × 75 = 71.5

𝐼𝐴𝐸 = 0.32𝑣8 + 0.26𝑣9 + 0.42𝑣10
𝐼𝐴𝐸 = 0.32 × 75 + 0.26 × 100 + 0.42 × 75

Where vi is the score of indicator in their
respective value function.
5. Current Aggregated Indicator Scenario
In order to compare the future performance
levels to the performance before the
implementation of the aggregated indicators,
it was important to record the current
situation in the company. The score of each
indicator in the beginning of this study is
shown in Table 12.

= 81.5

After some analysis, it can be stated that the
company is performing well in all three
aggregated indicators, although there’s
room for improvement in all of them.
6. Conclusions
Due to the increasing competitiveness in the
logistics market it’s vital for companies
operating in it to have more efficient
management practices and to be in a
7

constant lookout for strategies that can
increase or sustain its market share.
It’s in this context that the opportunity for this
study presented itself. Agility is a logistics
company that wants to implement a system
that allows for monitoring of its warehouse
operations.
To fulfill that desire, three Aggregated
Indicators were created, one for each stage
of the warehouse operations: Reception,
Warehousing and Expedition.
After applying the methodology, it was
possible to observe that the company is
performing well in all three indicators and
that there’s margin for improvement,
something that is aligned with the company’s
strategy.
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