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ABSTRACT
This study proposes improving the understanding of the main aspects involved in the design of warehouses by 

the construction of a framework that reveals the state-of-art. The initial research bibliography generated a framework, 
which was structured in three dimensions: inputs; design and implementation; and outputs. The validation of framework 
was accomplished through a systematic review of the literature, covering 68 articles published in the period 1999- 2015. 
This study covered the main aspects highlighted in the academic literature that influence the design of warehouses. Ad-
ditionally, an overview of the publications based on a theoretical/empirical and a quantitative/qualitative approach was 
pointed out. This paper aims to contribute to both industry and academic. On the one hand, the framework aggregates 
value for professionals by permitting the rapid identification of variables, which must be considered in warehouse design. 
On the other hand, by systematizing the warehouse design area, researchers are able to identify gaps that may generate 
future studies.
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1. INTRODUCTION

Warehouses are seen as an opportunity to improve op-
eration optimization and information flows, to reduce in-
ventory levels and to enable more agile distribution (Vri-
jhoef et Koselka, 2000). The successful performance of a 
warehouse depends on appropriate strategy, layout, ware-
house operations and material handling systems (Lehrer et 
al., 2010).

For Gu et al. (2010), warehouse design problems in-
volve five groups of decisions: determination of the gen-
eral structure of the warehouse (conceptual design); its 
sizing; layout calculation; warehousing equipment selec-
tion; and selection of its operational strategy. In addition, a 
warehouse project must also include definitions of policies 
about order fulfillment/picking, stocking, and stock rota-
tion (Koster et al., 2007; Chan et Chan, 2011).

Despite the theme’s importance, a review of the lit-
erature reveals few studies that systematically cover the 
warehouse design methods (Koster et al., 2007; Baker et 
Canessa, 2009; Gu et al., 2010). Although a vast amount of 
material dealing with the specific aspects of a project do 
exist, there seems to be no syntheses of these techniques 
that could provide a base for a general warehouse concept 
(Rouwenhorst et al, 2010).

According to Gu et al. (2010), there is a gap between 
the published research and the practice of projecting and 
operating warehouses. The authors state that, to establish 
this interface between academia and practice, there must 
be an improvement in the state-of-the-art for warehousing 
project methodology.

Given this context, the object of this article is to pres-
ent a systematic review of the warehouse design liter-
ature, covering the period 1999-2015. The purpose is to 
identify the main aspects that have been covered in those 
studies in a way that can aggregate value for professionals 
in this area and contribute to future research about the 
theme. For the sake of simplification, in this study the term 
warehousing refers to installations whose main function is 
stocking as well as to those whose main function is distri-
bution.

To facilitate analysis of the main points taken up in the 
literature, a framework that considers three groups of rele-
vant factors in warehouse design has been created: inputs; 
design and implementation; and outputs.

The difference between this review and others (Van den 
Berg, 1999; Rouwenhorst et al., 2000; Gu et al., 2010) lies in 
a more holistic vision of the warehouse designing and the 
research methodology employed. A systematic review of 

literature facilitates the summarization of studies through 
procedural protocols that objectively validate them (Khan 
et al., 2001; Tseng et al., 2008).

The remaining of the paper is composed as follows: 
Section 2 examines the framework for systematic review; 
Section 3 describes the literature methodology; Section 4 
portrays (enumerates) and classifies the articles selected 
for the study, while Section 5 draws some conclusions.

2. A FRAMEWORK FOR SYSTEMATIC REVIEWING 

According to Lambert et Cooper (2000), supply-chain 
management entails integrating key business processes. 
In this context, warehouses are important hubs in the su-
pply chain in which they operate. For better understand-
ing of the process of designing a warehouse, the main 
factors that impact the decisions are visualized, and a sys-
tematic review of the literature oriented by a framework, 
based on an initial bibliographic study, is formulated. The 
framework formulated was structured in three parts: in-
puts; design and implementation; and outputs, as illus-
trated in Figure 1.

Figure 1. Proposed framework for systematic literature review 
on warehouse design

Source: Based on the initial bibliographic study

2.1 Inputs

The inputs consist of the key factors that influence deci-
sions in warehouse designing, whether they are of internal 
or external nature. They serve as starting points for the de-
sign and implementation of activities, which are: 

• Product characteristics: decisions such as ware-
housing operation’s strategy are influenced by the 
properties and characteristics of the products han-
dled (Chow et al., 2005; Koster et al., 2007); 
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• Supply chain design: the choices made by the 
warehouse units must consider the whole supply 
chain from suppliers to final clients. This requires a 
profound understanding in terms of how the vari-
ous elements and activities are integrated (Baker, 
2004; Chow et al., 2005; Gill, 2009; Koster et al., 
2007; Tompkins et al., 1996; Cordeau et al., 2006; 
Demirel et al., 2010); 

• Financial factors: warehousing costs are, to a great 
extent, determined during the design and imple-
mentation phases, and they should be projected in 
the most efficient form, with minimum investment 
and operational costs (Rouwenhorst et al., 2000; 
Baker et Canessa, 2009; Hackmann et al., 2001); 

• Operational factors: it is necessary to define the 
technical capacity of an installation before deter-
mining its design, which entails a deep understand-
ing of the products and the orders (Rouwenhorst 
et al., 2000). Two aspects should be considered: 
warehouse capacity and processing/throughput ca-
pacity. The processing rate is an important system 
productivity indicator and it is directly linked with 
order picking/fulfillment methods (Hackman et al., 
2001). Before implementing the design phase, the 
effective total space utilization must be carefully 
defined (Gu et al., 2010).

2.2 Design and implementation

The warehouse design and implementation phase shall 
consider the following main aspects: 

• Layout: According to Ligget (2000), in sites layout 
problems are linked to the allocation of activities 
in the spaces, and may require a design solution in 
the case of reallocation of space in an already ex-
isting structure. 

• Operation’s strategy: It is a vital part of the process 
of warehousing design. The focus is to define what 
the operation’s strategy entails, as this will greatly 
affect the system as a whole. This subgroup was di-
vided into the four main activities of warehouse in-
stallations, which are: receiving/expediting, stock-
ing, order picking/fulfillment, and cross-docking; 

• Resource dimensioning: The goal is to combine all 
factors, such as levels of warehousing equipment 
employment and the degree of automation in a 
way that total stocking costs are minimized without 
affecting the level of processing required; 

• Information and control technology: Mason et al. 
(2003) affirm that information technologies enable 
gauging, controlling and optimizing warehousing 
activities, making them key factors in supply chain 
flow integration; 

• Measuring and monitoring performance: For long-
term design evaluation, performance criteria have 
to be clearly and precisely defined (Gu et al., 2010).

2.3 Outputs

Output represents the objective for which a warehouse 
is conceived. The most common objectives are: to maxi-
mize the service level in resource-restricted situations, 
such as manual labor, machinery, or capital (Koster et al., 
2007) and/or to minimize the costs of implementation and 
operation in a way that fulfills all the orders, without ex-
ceeding the operational prerequisites (Amirl, 2006).

According to Koster et al. (2007) a service level is com-
posed of a variety of factors, such as the average and vari-
ations in delivery time and the accuracy of picking and 
fulfillment. Baker et Canessa (2009) and Pan et al. (2014) 
emphasize that, initially, it is impossible to reach an ideal 
solution/output, given the high number of possibilities and 
combinations of subgroups of decisions in the design and 
implementation phases. For the authors, the final design 
should incorporate both qualitative and quantitative as-
pects. Thus, it is necessary to strike a balance between the 
implementation and operational costs of warehousing and 
the target service level, given that improved service levels 
imply higher logistics costs.

3. RESEARCH METHODOLOGY

This study presents a systematic review of the warehouse 
design literature. According to Kirca et Yaprak (2010), it en-
tails employing an analysis technique that synthesizes the 
results of the diverse published studies on a specific issue. 
In this way, a systematic review contributes to mapping, 
consolidating, and developing a theory (Seuring et Gold, 
2012) as well as identifying new trends’ structural forms, 
fostering the evolution of knowledge in a research area 
(Tjahjong et al., 2010).

Although a number of recent accounts  on physical dis-
tribution, logistics, and supply-chain management based 
on systematic reviews of the literature may be identified 
(e.g. Carter et Easton, 2011; Gligor et Holcomb, 2012; Denk 
et al., 2012; Pilbeam et al., 2012; Wong et al., 2012; Winter 
et Knemeyer, 2013), the issue of warehouse design has not 
yet  being addressed. Considering the proposal of Kirca and 
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Yaprat (2010), the study was structured into the following 
stages.

The first stage consisted in defining the scope of the re-
search and elaborating a framework based on a systematic 
review of the literature. This framework was constructed 
starting from the initial bibliographic research.  

The second stage refers to data collection, correspond-
ing to the study of articles published on warehouse design 
listed in the Science Direct database, considering indexed 
articles in the areas of: “business management”; “decision 
sciences”; and “materials science”.

As a search strategy, the terms “warehouse design” and 
“facility planning” and “logistics” were employed. Since 
any research involving systematic reviews of literature gen-
erally include a minimum of ten years, the study covered 
the years 1999 through 2015 (Yang et al., 2006; Li et Cavus-
gil, 1995; O’Donnell et David, 2000; Ngai et al., 2011; Ngai 
et al., 2008).

In the selection of articles, those that failed to meet 
the following requirements have been excluded from 
the study: if they had no abstract, if their complete texts 
were not available or if they had no relation to any group 

or subject in the framework proposed. In this way, of the 
239 documents accessed in the initial phase of the study, 
71 publications were evaluated and became the object of 
analysis for the present study.

The third stage was the examination of the selected 
full-paper articles. For this evaluation, a checklist was cre-
ated covering all the groups and subgroups that compose 
the framework, as well as general and additional informa-
tion from the articles. General information looks to data 
that identify the publication, while additional information 
looks at the register of other relevant aspects such as: jus-
tification or motivation for the work; warehouse design 
concepts; and other commentaries considered important.

During the reading process, we noted that the majority 
of articles about warehouse design were correlated with 
mathematical models. Research about warehouse design 
and operations has been conducted for almost half a cen-
tury and, as a result, an extensive variety of methodologies, 
algorithms, and empirical studies have been generated (Gu 
et al., 2010). Thus, the analysis covered the characteristics 
of the studies, classified as theoretical/empirical or as a 
quantitative/qualitative sense. In the qualitative part of the 
study, information was collected about the type of models 
used, data characteristics (deterministic or stochastic), and 

Table 1. Articles selected for review

List of studies selected for systematic review
1. Baker et Canessa (2009) 25. Ventura et Rieksts (2009) 49. Papageorgiou (2009)
2. Gu et al. (2010) 26. Ventura et Lee (2001) 50. Miranda et Garrido (2009)
3. Gill (2009) 27. Li et Wang (2008) 51. Klose et al. (2005)
4. Koster et al. (2007) 28. Lee et Lee (2010) 52. Mishra et al. (2011)
5. Gu et al. (2007) 29. Johnson et al. (2010) 53. Strack et Pocket (2010)
6. Parikh et Meller (2008) 30. Dasci et Verter (2001) 54. Pan e Shih (2008)
7. Pohl et al. (2009) 31. Bidhandi et al. (2009) 55. Chen (2001)
8. Roodbergen et Vis (2009) 32. Santoso et al. (2005) 56. Lai et al. (2002)
9. Hwang et Cho (2006) 33. Rodrıguez et al. (2007) 57. Rubrico et al. (2011)

10. Ho et Shi (2008) 34. Amiri (2002) 58. Chen et al. (2011)
11. Gagliardi et al. (2008) 35. Lerher et al. (2010) 59. Le-Anh et al. (2006)
12. Parikh et Meller (2010) 36. Le-Duc et Koston (2007) 60. Yu et Koster (2009)
13. Werner et Wülfing (2010) 37. Jayaraman et Ross (2003) 61. Chakravorty (2009)
14. Van Zelst et al. (2009) 38. Shiau et Lee (2010) 62. Rouwenhorst et al. (2000)
15. Amiri (2006) 39. Miranda et Garrido (2004) 63. Malmborg et Al-Tassan (2000)
16. Agatz et al. (2008) 40. Hwang (2004) 64. Badri (1999)
17. Sohn et al. (2007) 41. Van Utterbeeck et al. (2009) 65. Van den Berg (1999)
18. Li et al. (2011) 42. Vis et Roodbergen (2011) 66. Naraharisetti et al. (2008)
19. Onut et al. (2008) 43. Chen et al. (2005) 67. Beamon (1999)
20. Muppani et Adil (2008a) 44. Yang et al. (2011) 68. Liggett (2000)
21. Chan et Chan (2011) 45. Theys et al. (2010) 69 Öztürkoğlu et al. (2014)
22. Muppani et Adil (2008b) 46. Hsu et al. (2005) 70 Pan et al. (2014)
23. Azzi et al. (2011) 47. Melachrinoudis et Min (2007)  71  Lam et al. (2012)
24. Daly et Cui (2003) 48. Hammami et al. (2008)

Source: Authors
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about the solution method and model validation. To final-
ize, the data extracted from the selected studies were syn-
thesized, critically analyzed, and some conclusions were 
drawn.

4. RESULTS

The 71 articles that underwent analysis are listed in Ta-
ble 1. First, the general data about the publications are pre-
sented and then the groups and sub-groups that make up 
the frameworks are analyzed.

4.1 An overview of the publications

 Among the material covered we may classify: 46 articles 
had a strictly theoretical focus (without any explanations of 
practical applications); 22 presented a theoretical-empiri-
cal focus (validation of theoretical contributions using real 
data); and three had an empirical focus (each one limiting 
itself to the application of a theory already being used to 
solve practical problems). Regarding the nature of the vari-
ables researched: 54 were classified as quantitative; and 17 
as qualitative.

This result is coherent with the fact that many stud-
ies are centered on the optimization of warehouse use 
through the application of mathematical models. Never-
theless, there is evidence that this area is not consolidated 
and is still a frontier for understanding. 

4.1.1 Product characteristics

Table 2 relates the articles that cover product character-
istics, which can be categorized as physical or behavioral. 
Physical characteristics are those visible features that have 
an impact on warehousing and product movement. Behav-
ioral characteristics, on the other hand, are those that are 
related to dynamic product flows. These characteristics 
have been receiving the most attention in the literature on 
the subject.

The literature points out that it is also necessary to fore-
cast an increase in product variety over time [8]. A way 
of dimensioning this characteristic is the rate of rotation, 
which is nothing more than the speed at which products 
circulate on the shelves [19].

Table 2. Product characteristics that influence warehouse design 
decisions

Product characteristics References
Product mix [8];[9];[19];[21]

Order fullfilment [9];[42];[60]
Product life cycle [8];[19]
Product demand [8];[42];[71]

Packaging [13]
Fragility [19]
Weight [19]

Source: Authors

4.1.2 Supply-chain design

At a strategic level, decisions fall back on network con-
figurations, which are:  number of locations; capacity; and 
installation technology ([30]; [31]; [32]; [48]; [49]; [66]). At 
a tactical level, decisions are understood to be an attribute 
of each marketing region of one or more locations, such 
as supplier selection, distribution channels, and means of 
transport, which impact network connectivity ([31]; [32]; 
[48]; [49]).

Simpler supply-chain design models that consider ca-
pacity are multi-product; they consist of a network of two 
or more layers, that is, plants and clients, and deal with 
the question of sharing products and distribution stocks 
over the whole chain ([15]; [30]; [31]; [37]; [41]). However, 
these structures are not inclusive to the point of conside-
ring the interaction between the locations of the installa-
tions in the network and inventory control decisions, as 
well as the impact of this last item on network configura-
tions. Article [48] considers this question, motivated by the 
risk of backlash posed to the supply chain.

Qualitative studies, in turn, cover e-commerce ([16]); 
[24]), localization (location) ([48]), optimization of the 
manufacturing supply chain ([49]), and review of state-of-
the-art models for distribution systems ([51]).

The main objectives for locating a consolidation and dis-
tribution warehouse are: cost reduction; to achieve econ-
omies of scale by transporting large quantities of cargo be-
tween centers ([15]); ([33]); to deal with variability caused 
by factors such as the seasonality of products and/or pro-
duction and transport of lots (batches) ([5]); to maintain a 
high customer service level ([6]); and to embed flexibility 
into the chain to enable agility in responding to market 
changes ([15]).



Brazilian Journal of Operations & Production Management
Volume 14, Número 4, 2017, pp. 542-555

DOI: 10.14488/BJOPM.2017.v14.n4.a10

547

This family of problems typically assumes a linear cost 
function, and it is considered that client demands follow a 
deterministic standard ([39]); ([40]); ([51]). The majority of 
these studies utilize methods such as the center of gravity, 
the set covering problem, and the p-median model ([40]).

4.1.3 Financial factors

Among the economic-financial considerations, it is im-
portant to gauge two main costs: operational costs; and as-
set investment ([2]); ([62]); ([69]). Table 3 presents the costs 
considered in the scope of the warehouse design. Note the 
prevalence of operational costs over investment questions. 
No articles were found dealing with the issue of depreciation.

Table 3. Costs considered in the studies analyzed

Costs considered References
Material handling [6];[9];[12];[14];[19];[56]
Storage systems [6];[20];[22];[53];[69]

Human resources [6];[12];[19];[69]
Space [12];[20];[22]

Source: Authors

4.1.4 Operational factors

The operational factors most utilized in the studies com-
prising this review are: the throughput rate and the traveled 
distance. Many authors contend that the order fulfillment/
processing rate is directly related to the distance traversed 
by the picker and the time it spends ([7]; [10]; [12]; [13]; 
[19]; [20]; [21]; [22]; [42]; [45]; [46]; [54]; [56]; [60]). The 
prevalence of these factors over others demonstrates that 
recent trends in fabrication and distribution have made 
project designs to embrace more complex performance 
criteria. Table 4 shows the operational factors considered 
in the articles in the scope of warehouse design.

Table 4. Operational factors considered in the models

Operational factors References

Traveled distance [7];[10];[12];[13];[19];[20];[21];[22
];[45];[46];[56];[60]; [69]

Processing rate [3];[6];[9];[14];[25];[36];[42];[43];[
54];[63];[67];[70]

Storage capacity [19];[20];[22];[42];[43];[53];[54]
Travel time [9];[21];[23];[35];[70]

Vehicle capacity [3]
Availability of docks [3]

Charging time of vehicles [3]
Spare parts items [58]

Source: Authors

4.2 Design and implementation

4.2.1 Layout

Table 5 registers the articles that deal with layout and 
an associated problem, in accordance with the main goal 
of the article [2]. Note that the problem with the most 
coverage was the question of general warehouse layout, 
and more specifically, concerning aisle quantity, length and 
width.

Table 5. List of articles about layout and problems covered

Problems related to layout References
Positioning pallets (location of cross aisles) [7]; [69]
General layout of the warehouse (quantity, 

length and width of the aisles) [9];[12];[42]

General layout of the warehouse (arrangement 
of departments) [13]

Positioning pallets (configuration of the shelf)
General layout of the warehouse (docks location) [19]

Automated systems (positioning of material 
handling  equipment) [25]

Automated systems (guide path for the AGV – 
Automatically Guided Vehicle) [26]

Automated systems (Automated Storage/Re-
trieval Systems – AS/RS configuration) [35];[59]

General layout of the warehouse (departments 
location,quantity of cells) [56]

General layout of the warehouse (departments 
location, quantity of storage units) [63]

Source: Authors

Articles [4] and [19] consider that a layout project in-
volves two sub-problems: implementation (issues); and 
layout inside each system, also referred to as the internal 
layout project or the aisle configuration problem. In addi-
tion to these factors, there are many other qualitative fac-
tors to be analyzed, such as safety and aesthetics ([01]).

4.2.2 Operations strategy

An important aspect of warehouse design consists of 
those operational strategies that, once selected, have great 
impact effects on the (global) system and are not suscep-
tible to frequent alterations. Two main operational strat-
egies are presented: the stocking strategy and the order 
separation strategy. In addition, the decisions necessary 
for configuring and implementing the receiving/expedition 
and cross-docking strategies are presented. 
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4.3 Receiving and expediting

In the receiving area, products may be checked-in, 
transformed, random quality-control checks carried out, 
and/or goods held for movement to the next process ([5]; 
[19]; [62]; [65]). A label is attached to the cargo for identi-
fication purposes ([65]). In the expediting area; orders are 
confirmed, classified, packaged, and transported in trains, 
trucks, or any other mode of transport specified, constitut-
ing the final phase ([5]; [19]; [62]).

In the expedition process, orders that are ready for ship-
ment and the trucks are allocated to docks through a policy 
of dock assignment ([62]). A dock performance indicator 
was introduced to verify the adequacy of docks to support 
a (set) given level of cargo activity. A simulation experiment 
was designed, and the model was tested to check the re-
sult’s validity ([5]; [19]; [62]; [65]).

4.4 Stocking

The SLAP (storage location assignment program) is the 
choice of a rule to be used in assigning products to their 
stocking locations ([4]; [11]; [53]; [52]). 

A stocking strategy may follow several policies such as: 
random in nature, in which a product may be placed in any 
available location (whatever location is available) at the 
moment; dedicated in nature, in which stocking locations 
are dedicated to (fixed, or, in other words, can only be oc-
cupied by) a specific product; or specified by class, in which 
products are positioned according to some pre-established 
criteria, such as popularity, maximum inventory, or stock 
rotation ([5]; [7]; [6]; [11]; [19]; [20]; [21]; [22]; [54]; [56]; 
[58]; [62]; [63]; [65]; [69]).

In addition to decisions about where to locate products, 
it is necessary to devise a policy about division of stocking 
space, which may either be based on an ABC classification 
or on product categories ([4]; [8]; [19]; [62]; [65]).

4.5 Order picking

First, it is necessary to define which of the three picking 
strategy existing concepts is to be used in an operation: lot 
separation; zone separation; or wave separation ([2]; [4]; 
[5]; [6]; [8]; [10]; [19]; [20]; [36]; [43]; [46]; [54]; [60]; [62]; 
[65]). 

The process of rotating or sequencing picker move-
ments inside a warehouse is also a way of optimizing the 

activities. The processes are discrete, by lot, or by zone 
([5]; [11]; [19]; [20]; [21]; [36]; [42]; [43]; [45]; [54]; [56]). 
Picker rotation is a special case of traveling salesman prob-
lem ([4]; [5]; [45]).

Order picking systems may be classified into three main 
categories: picker to goods, goods to picker, and automat-
ed systems ([2]; [4]; [11]; [38]; [43]; [54]; [65]; [70]).

Table 6 exhibits the models encountered in the literatu-
re review and how the decisions about order picking were 
covered.

Table 6. Order picking models

Aspects considered References
Separation strategy: by lot and by zone; 

assortment systems [6]

Separation strategy: by lot; separation of 
order picking routing [10];[43];[57]

Separation of order picking systems: picker-
to-belt; separation of order picking routing [11]

Separation of order picking systems: picker-
to-parts; separation of order picking routing [12];[21]; [45]

Separation strategy: by lot; separation of 
order picking routing; separation of order 

picking systems: picker-to-parts
[36];[38];[70]

Separation strategy: by lot [46]

Separation of order picking routing [52];[69]
Separation of order picking systems: picker-

to-light [54]

Separation strategy: by lot and by zone; sepa-
ration of order picking routing; separation of 

order picking systems: picker-to-parts
[60]

Separation strategy: by lot; separation of 
order picking systems: automated [63]

Source: Authors

4.6 Cross Docking

Cross docking is the process of transferring goods direct-
ly from the receiving to the expedition areas, which requires 
a high level of coordination to ensure that these operations 
can be problem free ([42]; [44]; [65]). It is an operational 
strategy that can reduce costs and improve warehouse ef-
ficiency by reducing inbound materials’ movement ([37]).

The obvious candidates for cross docking are those 
products that have already been ordered by the final cus-
tomer. Other possibilities are products that require prompt 
delivery or high-demand products with predictable de-
mand ([42]).
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Table 4. CSF’s ranking valued with “high importance” degree in the post-implementation phase

DIMENSION CRITICAL SUCCESS FACTOR POST-IMPLEMENTA-
TION RANKING

ERP User User Feedback Analysis 67,44% 1ª
ERP Organization Accuracy and Reliability of the Data 60,66% 2ª

ERP Expertise Suppliers Support 58,14% 3ª
ERP Organization Adequate Infrastructure 53,85% 4ª

ERP User Training and education 51,16% 5ª
ERP Project Change Management 43,33% 6ª

ERP Organization Effective Communication, Cross-Departmental Cooperation 43,08% 7ª
ERP Project Performance’s Monitoring and Evaluation 41,67% 8ª
ERP Project Crisis Management and Problem Solving 41,67% 9ª
ERP Project Competent Project Team 40,00% 10º

ERP Organization Clear Targets Project 33,85% 11ª
ERP Project BPR (business process reengineering) 33,33% 12ª

ERP Organization Top Management Support 32,31% 13ª
ERP Organization Organizational Culture 32,31% 14ª

ERP Project Project Management 31,67% 15ª
ERP Software IT Used before the ERP System 26,67% 16ª
ERP Software Minimal customization 26,67% 17ª

ERP Organization Mission and Vision of the Business 26,15% 18ª
ERP Expertise External Consultants, Qualified Consultancy 25,58% 19ª
ERP Project The Champion Role 15,00% 20ª

Resource: The authors’ own.

Table 5. CSF’s ranking with “high importance” degree in 3 phases

RANKING

DIMENSION CRITICAL SUCCESS FACTOR PRE-
IMPLEMENTATION IMPLEMENTATION POST-IMPLEMEN-

TATION
ERP User User Feedback Analysis 20ª 11ª 1ª

ERP Organization Top Management Support 1ª 9ª 13ª
ERP Expertise Suppliers Support 17ª 2ª 3ª
ERP Project BPR (Business Process Reengineering) 7ª 18ª 12ª

ERP Organization Effective Communication, Cross-Departmen-
tal Cooperation 10º 4ª 7ª

ERP Expertise External Consultants, Qualified Consultancy 12ª 15ª 19ª
ERP Organization Organizational Culture 16ª 14ª 14ª

ERP Project Competent Project Team 4ª 7ª 10º
ERP Project Change Management 9ª 13ª 6ª
ERP Project Crisis Management and Problem Solving 19ª 12ª 9ª
ERP Project Project Management 6ª 6ª 15ª

ERP Organization Adequate Infrastructure 8ª 5ª 4ª
ERP Software Minimal customization 14ª 19ª 17ª

ERP Organization Mission and Vision of the Business 5ª 17ª 18ª
ERP Project Performance’s Monitoring and Evaluation 18ª 16ª 8ª
ERP Project The Champion Role 13ª 20ª 20ª

ERP Organization Accuracy and Reliability of the Data 15ª 3ª 2ª
ERP Organization Clear Targets Project 2ª 8ª 11ª

ERP Software IT Used before the ERP System 3ª 10ª 16ª
ERP User Training and education 11ª 1ª 5ª

Resource: The authors’ own.
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4.6.1 Allocating resources

Resources, such as labor and equipment, are important 
factors in planning a system of logistical support, as it is 
the case of warehousing installations ([17]; [62]). Material 
movement activities demand well-designed internal trans-
port systems that may reduce the associated operational 
costs ([3]).

Automated systems include: automated stocking systems 
(AS); automated replacement systems (RS); picking by voice; 
and triage systems. An AS or RS is a totally automated sys-
tem that ordinarily includes the following components: sto-
ck supports (SR), stocking equipment and servicing (S/R ma-
chines), an entrance and an exit (I/P), and local transporters 
([8]; [23]; [35]; [61]; [65]). Article [8] includes a framework 
for designing AS/RS systems as their use has advantages 
over non-automated systems. Among such advantage, such 
as: labor and space cost savings; greater reliability; better 
space utilization; and reduced error rates. The apparent dis-
advantages are high investment costs, less flexibility, and 
greater investment in control systems ([8]; [25]; [35]).

4.6.2 Information and control technology

An in-depth understanding of the content of goods that 
are received and expedited is becoming more common as 
a result of advanced IT, such as radio-frequency identifica-
tion (RFID), global positioning system (GPS), electronic data 
interchange (EDI), and advanced shipping notices (ASN) 
([5]; [24]; [31]; [37]; [65]; [66]).

The main technology in regard to warehousing is WMS 
([2]; [6]; [11]; [17]; [38]),  which is a database of applica-
tions, that controls inventory efficiency, keeping it at the 
exact level for the needs and registry (registration) of an 
operation ([38]).

4.6.3 Performance and monitoring indicators

The performance evaluation metric most commonly 
employed in warehouse design is the internal distance run 
([4]). The two types of distance that are amply (current-
ly) utilized in the order picking literature are the average 
picking run distance (or average length) and the total run 
distance ([4]; [8]; [10]; [19]; [54]).

A very common metric is the total processing time for 
one order, that is given by the sum of the picking trip time 
and stopping for accessing to the SKU ([9]; [25]; [58]; [59]). 
The difference between distance and travel time is in the 
speed of vertical and horizontal movements that do not 
have the same proportion ([21]).

Other performance criteria are: use of space; equip-
ment use; manual labor utilization; item accessibility; or-
der fulfillment accuracy; stocking waiting time; working 
hours; waiting time for picking an entire (or a complete) 
lot; lateness number; or a combination of these ([4]; [6]; 
[8]; [17]; [21]; [29]; [36]; [38]; [52]; [58]; [59]).

4.6.4 Outputs

With the implementation or redesign of a warehouse, 
the plan is to maximize the service level subject to resource 
restrictions or, in a dual form, minimize design costs subject 
to restrictions in service levels ([4]; [11]; [15]; [62]; [71]).

Service level is composed by a variety of performance 
metrics, such as order processing rate, average and vari-
ations in delivery time, integrity, and order precision. The 
faster an order is put together, the sooner it will be ready 
to be shipped to the client ([11]). Furthermore, short order 
picking times imply high flexibility to deal with order alter-
ations (modifications) ([4]; [1]; [41]; [53]).

In article [6] the objective is to understand how to mini-
mize the costs of order picking, considering labor, equipment 
and triage systems, attending the requirements of order pro-
cessing rates, considering factors such as blockage of order 
pickers and unbalancing of the work force, which could affect 
the service level. Article [12] adds the cost of stocking space 
to the functional objective.  On the other hand, in articles 
[9] and [19] the objective is to minimize the order processing 
rate ([9]) and meet anticipated demand ([19]).

5. FINAL CONSIDERATIONS

This study presented a systematic review of the litera-
ture about warehouse design from 1999 to 2015, which 
was analyzed based on a framework containing the groups 
of the most relevant decisions within the scope of the de-
sign and implementation of warehouse installations.

It was stated that the majority (48%) of the studies an-
alyzed are theoretical and quantitative. There are still few 
articles that have a valid model applicable to real cases 
which identify the points of major difficulty during a suc-
cessful warehouse installation.

About operations strategies, it is observed that there 
are a reduced number of publications dealing directly with 
receiving and/or expedition, at a strategic level, such as de-
cisions about dock layout, or on operational level, looking 
at the allocation of trucks on the docks. The same thing 
is occurring with cross-docking activities. Therefore, future 
studies of this theme are suggested.
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Layout decisions strongly influence operational strate-
gies, and the sub-problem most covered was the general 
layout, which deals with questions of aisle dimensions and 
physical arrangement of activities, in order to reduce the 
internal distance run.

Thanks to the generalized implementation of new IT 
developments that offer fresh opportunities for improving 
warehouse operations, this interactivity between activ-
ities and decisions is feasible. Featured among them are 
real-time control of warehouse functions, easy communi-
cations with other parts of the supply chain and high levels 
of automation.

Concerning design decisions in the supply chain, the re-
view shows that they are divided into three groups: strate-
gic; tactical; and operational. On the strategic level, they 
consist of network configuration decisions, such as the 
number of installations/knots, the location of these knots, 
and the capacity and technology to be implanted in each 
installation. In this context, the decisions about warehouse 
design are made. The tactical level, relates to network con-
nectivity decisions, and at the operational level, lie the pro-
duction decisions.

In regard to automation capacity, the topic about allo-
cating resources covers the problem of equipment selec-
tion, and the definition in terms of which materials should 
be employed for handling equipment systems. Many stud-
ies on automated systems were encountered but quite few 
with manual movement optimization models. Only one ar-
ticle dealt with the question through the lens of a trade-off 
between the use of the human factor and the automation 
level. Given the importance of this theme, it is also sug-
gested as a subject to be further explored in future studies.

The product variety to be moved by the warehouse was 
the most commented characteristic. Since the greater the 
variety, the more flexible the installation must be to deal 
with the multiplicity, the more complex the installation de-
sign becomes.  Regarding this input on the framework, it 
should be pointed out that there are other important char-
acteristics, which could have a great impact on the gener-
al configuration of a warehouse but have not as yet been 
treated in any model. The review presented here did not 
cover them, and it is hoped that future research can in-
clude them, such as: categorization of an item into a family 
and/or class, physical characteristics, weight, packaging, 
and public regulations.

Regarding financial factors, operational costs are in-
cluded in the majority of the models analyzed. Note the 
lack of models that consider the question of investment, 
of which there are important indices of implementation 
of an installation that will require an amount so significant 

as the case of a warehouse. With reference to operational 
factors, the most considered models were distance run and 
processing rate. These factors are associated with order pi-
cking activities, which are emerging today as the main acti-
vity in distribution centers.

Finally, the main objectives of designing warehouse ins-
tallations are: minimizing costs; and maximizing the order 
processing rate. There were no articles encountered that 
looked to minimize investments or maximize profits, as 
well as minimizing delays in product delivery, an important 
point in the context of service level.

Although the articles selected represent a significant 
sample of literature on the theme, it is important to point 
out the limitations of the study. It is concentrated basically 
on articles indexed in Science Direct and uses the search 
parameters laid out in the method description.
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